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Executive Summary

Ports from all over the globe are committed to ghetection of environment and are
taking steps and endeavors to become clean, greemrravironment-friendly. They
have the responsibility to adopt greener practicesgard to prevention of air, water
and soil/sediment pollution. With these objectivesmind, Ministry of Shipping,

Government of India desires that all Major portewdt prepare their Environmental
Management and Monitoring Plan (EMMP), which shootimprehensively cover
various aspects of environmental measures, Gream measures as well as

sustainability measures.

Marine ports are major hubs of economic activitg aiso one of the major sources of
pollution. In particular, the following activitiegesult in highly significant
environmental, ecosystem and human health impacts :
* Number of ships with engines continuously runnimgpollution discharging
fuels
» Thousands of diesel trucks per day

» Diesel locomotives hauling cargo and other pollyigguipments

Major ports mainly handle containerized cargo, loinjk like food grain, timber, coal,
iron ore, china clay, cement, fertilizer, liquidrga including POL (Petroleum, oil and
lubricants). The cargo is stored at the port fangitory period and then evacuated to

the destinations through rail road or pipelines.

The impacts of these port related activities mampnifest in terms of deterioration
of air, water and sediment/soil quality. They alswrease the noise levels.
Subsequently, they affect ecosystem as well as humealth and thus can increase

risk of illness, respiratory diseases or cancer etc

Ports always undergo expansions so as to accomena@adr-increasing cargo
volumes due to the continuous growth of internaidrade. Moreover, Marine ports
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are one of the most poorly regulated sources dtipah releasing largely unchecked
guantities of health-endangering air and wateruypiolh, noise and light pollution.
Ultimately, all these adversely affect the nearloynmunities, and harm even the

marine habitats.

EMMP (Environment Management Monitoring Plan) isedfective tool to work on
micro-level to identify and address various effecs port operations on the
environment.  Moreover, EMMP also helps in assgstiand ensuring the
effectiveness of the EIA process and implementatbrthe commitments made.
EMMP is mainly aimed at minimizing various advemsgacts on environment. It is
important that port authorities ensure that thegednandling operations and other
allied activities do not violate regulatory envimeantal standards and norms. At the
same time, they should also adopt the necessargatmin measures. Ultimately,
EMMP acts as a comprehensive manual for envirorahgmbtection, reduction in
carbon (GHG) emission and finally it helps in coriwveg major ports into "Green

Ports".

This report, inter alia, discusses solutions tot pailution problems and provides
requisite information on the health and environrakmhpacts of port operations; an
overview of policies governing marine ports; andaded analysis for developing a
green plan for ports' environmental managementraaditoring. It focuses on the
following main operations at the ports :

e Cargo handling at berths

» Stacking and handling of cargo at yards

» Evacuation of cargo

This report has been prepared on the basis ofuamdernational reports available on
these ports and the data and information containgtiose. Essentially, the report
looks into (a) identification of sources of pdibn and relevant monitoring plans in
accordance with CPCB (Central Pollution Control Bsstandards, norms and
guidelines; (b) corrective and preventive measu®sCRZ-notification and land use
planning; (d) various developmental aspects; (¢)jonal, international laws and
treaties; (f) associated and relevant carbon amiogical footprints and various
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interrelated socio-economic (health, education,irenmental awareness, costs and

benefits etc.).

E.1 Air Pollution and Health Impacts from Port Operations

The diesel engines at ports power ships, truckaingy and cargo-handling
equipments. However, at the same time they enst saounts of air pollution,
which ultimately affects ecosystem-health as wslhaman health including that of
workers and people living in nearby communities. by several epidemiological
studies have established that diesel exhaust isesezancer risks substantially. Many
studies have linked diesel exhaust with asthma &sgor air pollutants from diesel
engines at ports include particulate matter (PM)atde organic compounds (VOCS),

nitrogen oxides (NOx), and sulfur oxides (SOx).

As far as major health impacts of pollution fromrgs are concerned, they include
asthma, various other respiratory diseases, casdowar disease, lung cancer, and
premature death. In children, these may lead tee@ases in school absenteeism and
emergency-hospitalization etc. There are numerdudies showing that children
living near busy diesel trucking routes are mokelli to suffer from decreased lung
function, wheezing, bronchitis, and allergies. Manajor ports are very close to
residential neighborhoods, schools, and playgroundBherefore, due to close
proximity to ports, nearby communities face muafhler health risks from associated

air pollution.

When compared with other air polluting sources caower plants and refineries
etc.), ports are expected to contribute signifilganigher amounts of air pollutants as
has been depicted in the following figure. Thisadet about USA. Nonetheless, it
throws light on relative order of magnitude of esmss from various types of
sources. And would therefore, help in developingprapriate environmental

management plan. The significantly larger contrdyuof port-related sources to air
pollution can mainly be attributed to the fact tpatlution from cars, power plants,
and refineries is somewhat controlled, whereas paitition has almost no regulatory

control.
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Pollution from Ports Compared to Refineries, Power Plants, and Cars

35
MOy, Emissions

Ton= Per Day

Forerage Forerage One-Half FPart of Wirginia Port of NYvYMJd Port of Los
Refineny P awver Plant hillion Cars Angeles

PM4g Emissions

Ton= Per Day

Forerage Forerage One-Half Faort of Faort of MYYMJ Port of Los
Refinerny Fowear Plant  Million Cars Wirginia Angeles

Source : http://www.nrdc.org/air/pollution/ports/execsum.asp

E.2 Water Pollution from Port Operations

Waste water and leaking of toxic substances froipsshstorm water runoff, and

dredging happen to be the major water quality eom at ports. This would
E.5



subsequently damage marine life and associategseass, as well as human health
through bacterial and viral contamination of comeredrfish and shellfish, depletion

of oxygen in water, and bioaccumulation of certaixins in fish.

E.3 Land Use Problems at Ports

Ports have many land-use issues. Their location rggpect to residential area finally
decides the magnitude and direction of various otgaSo a site-specific and
appropriate land-use-planning is not only essentialit also crucial from
environmental management point (EMP) of view. ®are often in close proximity
to residential areas, creating nuisance and hataraearby communities.

E.4 Noise and Light Pollution

Ports can be loud, ugly, and brightly lit all thgbuthe night. The impacts can range
from simple annoyances to serious negative hediigcte. Noise pollution has been
linked to hearing impairment, hypertension (highda pressure), sleep deprivation,
reduced performance, and even aggressive behaBaght and flashing lights at
night can disrupt biological rhythms and causessti@nd irritation. Ports can also be
bad neighbors by ignoring residents of the comnmesiiving next door, or making
little or no effort to solicit community input int@perational decisions that will
directly affect the life of the community and iessidents. They may ignore residents
of nearby communities, and may not share critickdrmation about possible effects

of port operations.

E.5 Some Significant Indicators
Following parameters can form an indicator-group fstimating the overall
environmental impact of ports :

* Over loading with trucks in the freeways and nemhlood streets

* No. of surrounding homes coated with soot

» Asthma rates in the neighborhood

» Containers stacking
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» Amount of dredged sludge forming toxic islands

* Impact on important marine animal habitats

E.6 Recommendations for Ports

In order to protect local population and environtmdhe ports must commit to
implement appropriate management plans (EMP), ondt during expansions but
also during regular operations. By following apprafe measures, the ports
worldwide would be able to successfully decreaseairts on local communities and
ecosystems. Moreover, local activists should bearagare of these options so that
they can advocate their implementation. Ports ghaldo consider the use of cleaner

fuels and equipment as most effective mitigatiotians.

E.6.1 Marine Vessels

« The Mumbai Port Trust should expedite implementatid stricter emission
standards for all marine vessels within two yeard should also ensure that
more polluting ships pay higher fees upon enteaipgrt.

- There should be financial incentives for the clgmand replacement of older
marine vessels.

«  Ships should use low-sulfur diesel

« Regional authorities should monitor and enforce sipeed limits.

« Engine repower and retrofit programs for cleanipgharbor craft, such as
tugboats

- By providing electric power at docks and "pluggin ships and tugboats to
shore side power while at berth, one can limitnigllof ocean-going vessels
and tugboats

« Using the cleanest grade of diesel fuel possibi#) l@w sulfur content for
ships and ocean-going vessels.

« Emission controls on ocean-going vessels
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E.6.2

E.6.3

E.6.4

Cargo-handling Equipment

Replace obsolete equipment (i.e. more than 10 yald)swith the cleanest
available equipment and fuel choices, preferalibrative fuels.

Retrofit [with diesel particulate filters (DPFs)itiw lean NOx catalysts
(LNCs) or with diesel oxidation catalysts (DOCs}her (relatively younger)
equipment i.e. less than ten years old to runhankest available control
technology,

Switch to cleaner diesel fuels, such as low-siiliet

On-road Trucks and Locomotives

Replacement of older (high emitting) trucks withvee (low emitting trucks)

by incentivizing the scheme

Offer incentives for installing appropriate polluti control measures, viz.,
DPFs with LNCs or DOCs.

Make cleaner fuels, such as diesel emulsions osslalfur diesel, available to
off-site trucks.

Minimize truck idling by enforcing idling limits oby installing idle shut-off

controls.

Replace all locomotives that do not meet envirortalestandards with

electric-hybrid or alternative-fuel engines

Install and use engine emission-controls wherewssiple

Provision for automatic engine shutoff controls rronimize unnecessary
idling

Use of cleaner fuels

Storm-Water Management

« There should be a proper storm-water managementf@tgreventing spread of

pollution

« Regular oversight and inspections of individuairtierals
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Education and training of terminal staff

Regular water quality monitoring, and adoption e§tomanagement practices for

prevention, control, and treatment of storm wateioff.

Traffic management for pollution mitigation throughpropriate land-use; light-

management, noise abatement; and improved aesthetic
The effluent guidelines require a general basééuel of pollutant reduction

Authorities should give special attention to therelepment of total maximum
daily pollution-loads (TMDLS)

E.6.5 On-road and Off-road Vehicles

The Mumbai Port Trust should follow the full implentation of emissions
standards for on-road, heavy-duty trucks and thate@ lower sulfur diesel
requirements. There should be a cleanup schedulexisting polluting diesel
engines.

There should be incentive programs to reduce pofiutrom heavy-duty diesel

engines, regional authorities should sponsor suotrams.

Regional authorities should adopt fleet rules &aolup and require new, cleaner

purchases of all heavy-duty engines

E.6.6 Inland Cargo Transport and Locomotives

Fees should be charged from each container entaripgrt to provide funding
for mitigation of the environmental impacts of mogithose containers.

There should be a sustainable transportation sygtegram, facilitating the shift
of cargo transport from more polluting modes (sacshtrucking) to cleaner
locomotive and barge transport.

There should be financial incentives for the clgamamd replacement of older

locomotives.
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E.6.7 Land Use and Community Participation

« Port authorities should work together with locanmemunities and marine
terminals to improve efficiency and land use andnimimize impacts of
terminals on local communities.

« Neighboring states should work together in coaathénces to protect their

marine natural resources and to share informatmoprograms and technologies.

E.6.8 Qil Spills, Ballast Water and Waste Discharge

- Port authorities should require ports to take stepmsure that oil pollution does
not become part of runoff and that port-wide eitycling programs are in place.

« Authorities should adopt ballast water regulations.

- There should be more stringent requirements on dbmping of wastes
containing oxygen-depleting nitrogen and phospheras well as persistent

toxic compounds that continue to threaten marifiee li

E.7 Green Port Plan

The Green Port Program is an umbrella program dedigo achieve the Port’s
environmental sustainability goals in six key areasvater, energy, air, waste
management, sustainable development and sustaifaidaess practices. The
ultimate goal of a Green Port Plan program is toiea® long-term environmental,
societal and economic benefits through resourcesawation, waste reduction and
pollution prevention. Many ports like the Port cirSDiego have their Green Port
Policy already in place since 2008. The Green Pwdgram unifies the Port's
environmental sustainability goals (in many keyaajeby way of setting measurable
goals and evaluating progress in each area on remah basis (https : //

www.portofsandiego.org/environment/green-port.hthimpl = component & print =

1 & page=). The program encourages continuation dhe Port's existing

environmental efforts and expands these efforutin new programs and initiatives

in the following key areas:
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E.7.1 Energy

The goal under this area is toonserve energy and maximize energy efficiency of

various Port operations. This can be achieved anftllowing manner :

- Reduce the Port's operational energy use

- Conduct a pilot project to assess various applied applicable energy
efficiency technologies

« Investigate opportunities to participate in renel@amergy projects

« Conduct a solar assessment to determine optimalidos for applying future
photovoltaic systems

« Install photovoltaic systems on the Administratiand General Services
Buildings and pursue funding for other solar prtgec

E.7.2 Waste Management

The goal under this area is teeduce waste from Port operations through material

reuse, recycling and composting, which can be aehien the following manner :

« Explore ways to enhance the composting program
- Expand collection opportunities for electronic veast

- Investigate opportunities to expand the Port'senurrecycling program

E.7.3 Sustainable Development

The goal under this area is tonbance the environmental performance of Port
buildings while maximizing long-term economic bageT his can be achieved in the

following ways :

« Acquire LEED certification for the AdministrationuBding.
« Acquire LEED certification for the General Servidasilding.
- Continue work on LEED certification for Broadway.

- Educate key Port employees on sustainable builglimgiples.
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E.7.4 Water

The goal under this area is tamprove water quality and reduce the Port's water

usage to preserve water supply, which can be aelievthe following manner :

- Conduct a sustainable landscaping project

- Develop and implement a water conservation strategy

« Replace plumbing fixtures in Port buildings withtesaefficient fixtures

« Explore opportunities to expand the Smart and Efficwater-use System on

tidelands
E.7.5 Air

The goal under this area is toeduce greenhouse gas contributions and other air

emissions from Port operations. This can be acliéwehe following manner :

- Define and publicly register the carbon and ecdaalgifootprints of Port
operations, and establish goals to maintain oraedhis footprint.

« Explore ways to assist tenants in measuring andicired their carbon
footprint

- Monitor the Vessel Speed Regulation Program sooasontrol the speed-
dependent air-emissions

« Monitor and manage shore power installation.
E.7.6 Sustainable Business Practices

The ultimate goal under this area is tawg equal weight to environmental, economic
and social concerns in the decision-making protssway of doing the following :
« Increase opportunities for employees and the publmarticipate in the Green
Port Program to learn about ways to be more susibgn
+ Establish the Port as a drop-off location for a @Gumity Supported
Agriculture Program

« Increase outreach efforts as part of the GreenErtation Program.
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- Continue the Commuter Assistance Program

« Expand the use of environmentally-friendly producisd in Port operations.

E.8 Conclusion

Globally, not enough is being done to alleviate fawere impacts of the highly
polluting shipping industry despite real and sig@int environmental and health
impacts associated with marine port operationstsPtrould take internal measures to
reduce pollution caused by port activities. Likesyigegulatory agencies at the
national, state, and local level must provide longrdue safeguards. Further, if port
expansions are to continue, all projects must bgated to the maximum extent
possible, efficiency must be improved, and cur@erations should be cleaned up.
The present report delineates the environmentalagement, monitoring and green

plan for Mumbai Port Trust.

For monitoring and overseeing the Green Port Progthere should be a committee
called "The Green Port Program Steering Committddiis committee should
include representatives from a variety of departsyémroughout the Port and should
be responsible for overseeing decisions relatedhéo Green Port Program. The
Steering Committee should be chaired by an enviemtail expert who can manage
and coordinate the Green Port Program. This Coteenghould also provide overall
guidance to the Green Port Program by identifyirigrgties and projects, measuring
and assessing projects, and communicating thesRmxgress to staff and the public.
Projects selected for the Green Port Program naisf\s the criterion of benefitting
the environment and must fall into at least onthefsix areas of focus (water, energy,
air, waste management, sustainable business msctind sustainable development),
and be above and beyond compliance. Once, thesenamnrequirements are met,
projects should then be evaluated by an additis®tl of criteria, including
environmental, economic and societal benefitdhef project, cost, educational

value, and measurability.
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Chapter 1

| ntroduction & Background
| nformation

1.1 Preamble

Nearly 25% of Indian population lives in the coagtne. Mainly in view of this and
the likely impact coastal zone's activities canehaw this population, the Indian
Ministry of Environment and Forests (MoEF) on Janyu07, 2011 released Coastal
Regulation Zone (CRZ) Notification 2011 to repl&BZ Notification of 1991. Also
an Island Protection Zone (IPZ) Notification, 2044s released to cover Andaman &

Nicobar Islands, Lakshadweep.

The Coastal Regulation Zone (CRZ) Notification ¢#91 was issued under the
Environment (Protection) Act, 1986, with the ainprovide comprehensive measures
for the protection and conservation of Indian talasnvironment. However over the
last two decades, many pertinent issues requifurther modifications in the

notification emerged.

« The 1991 Notification stipulated uniform regulatsofor the entire Indian
coastline which includes 5500 Km coastline of tr@ntand and 2000 Km of
coastline of the islands of Andaman & Nicobar am#tdhadweep. However, it
failed to take into account the diversity of Indi@oastline in terms of
biodiversity, hydrodynamics, demography, geomorpbial and geological

features.
- In the 1991 Notification, no clear procedure fotashing CRZ clearance was

laid down and no time lines stipulated. Furthermdhere was no format

given for the submission of clearance applications.
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1.2.

It may be noted that the 1991 Notification, alsal diot provide a post
clearance monitoring mechanism or a clear cut eefoent mechanism to

check violations.

The 1991 Notification sought to regulate all depah@ntal activities in the
inter-tidal area and within 500 meters on the laadirside. No concrete steps
were indicated, however, with regard to the padlatemanating from land

based activities.

Moreover, the restrictive nature of the 1991 Noéfion caused hardships to
the persons /communities living in certain ecolalfic sensitive coastal
stretches. These included slum dwellers and otisops living in dilapidated
and unsafe buildings in Mumbai, communities liviig islands in the
backwaters of Kerala, local communities living aotime coast of Goa and

other traditional coastal inhabitants.

It was in view of the above-mentioned facts theg 1991 Notification has
been amended almost 25 times in considerationgpfests made by various
State Governments, Central Ministries, NGOs etcaddition, there are also
several office orders issued by Ministry of Envineent and Forests clarifying
certain provisions. The frequent changes to thel 198tification have been

consolidated in the 2011 Notification.

Objectives of the Coastal Regulation Zone Nétation, 2011

The main objectives of the Coastal Regulation Zdagfication, 2011 are :

To ensure livelihood security to the fishing comities and other local
communities living in the coastal areas;

To conserve and protect coastal stretches and;

To promote development in a sustainable manner dbase scientific
principles, taking into account the dangers of rathazards in the coastal

areas and sea level rise due to global warming etc.
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1. 3. Identification and Classification of CRZ Areas under the 2011
Notification

In the 1991 Notification the CRZ area was clasdifiess CRZ-I (ecologically

sensitive), CRZ-1l (built-up area), CRZ-Ill (Ruratea) and CRZ-1V (water area). In

the 2011 Notification, the above classificatiorresained. The only change is in the

CRZ-1V, which includes the water areas up to theittgial waters and the tidally

influenced water bodies.

For the very first time, a separate draft Islanot&stion Zone Notification has been
issued for protection of the islands of Andaman i&d¥ar and Lakshadweep under

Environment (Protection) Act, 1986.

1.3.1 The CRZ-I Area
The CRZ Notification, 2011 clearly lists out theeas that fall within the category of
CRZ-1. It includes :
() Ecologically sensitive areas and the geomorphal features that play a primary
role in maintaining the integrity of the coast.
- Mangroves
« Corals and coral reefs and associated biodiversity
« Sand Dunes
- Mudflats which are biologically active
- National parks, marine parks, sanctuaries, rederests, wildlife habitats and
other protected areas under the provisions of Wiite (Protection)
Act, 1972 (53 of 1972), the Forest (Conservatiog), A980 (69 of 1980) or
Environment (Protection) Act, 1986 (29 of 1986);cluding Biosphere
Reserves encompassing;
o Salt Marshes
o Turtle nesting grounds
o Horse shoe crabs habitats
o Sea grass beds
o Nesting grounds of birds
o Areas or structures of archaeological importanctlaaritage sites

(i) The area between Low Tide Line and High TidgeL
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1.3.1a Activities Permissible in CRZ-I
The activities permitted in CRZ-1 under the 201 1tifation are :
() No new construction shall be permitted in CR&tept;
- Projects relating to the Department of Atomic Eerg
- Pipelines, conveying systems including transmisBioes;
« Facilities that are essential for activities pesioke under CRZ-I;
« Installation of weather radar for monitoring of kywes movement and
prediction by the Indian Meteorological Department;
« Construction of trans-harbour sea link and roadsstilts or pillars without
affecting the tidal flow of water, between LTL aRdL.
« Development of green field airport already perndité¢ only Navi Mumbai;

(i) Between Low Tide Line and High Tide Line ireas which are not ecologically
sensitive, the following may be permitted;

« Exploration and extraction of natural gas;

- Construction of dispensaries, schools, public shiglter, community toilets,
bridges, roads, jetties, water supply, drainageesege which are required to
meet the needs of traditional inhabitants livinghvw the biosphere reserves
after obtaining approval from concerned CZMA.

- Salt harvesting by solar evaporation of seawater;

- Desalination plants;

« Storage of non-hazardous cargo such as edibldediilizers and food grain
within notified ports;

« Construction of trans-harbour sea links, roads wits sor pillars without

affecting the tidal flow of water.

1.3.2 CRZ-ll and the Permitted Activities

The Notification defines CRZ-Il as the areas whach developed up to or close to the
shoreline and fall within municipal limits. Buildjs are permissible on the landward
side of the existing road, authorized structurehazardous line where there are no
authorized structures. Other activities such aglgegion plants and storage of non-

hazardous cargo are also permissible.
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1.3.3 CRZ-lll and the Permitted Activities

CRZ-Ill areas are those areas that are relativalyisturbed and do not fall under
either in Category | or Il and also include ruraldaurban areas that are not
substantially developed. All permissible activities CRZ-IIl as listed in the CRZ

Notification, 1991 are retained in the Notificatiddetween 0-200 meters from HTL
is a No Development Zone where no constructionl df&lpermitted. Only certain

activities relating to agriculture, horticultureardens, pasture, parks, play field,
forestry, projects of Department of Atomic Energgining of rare minerals, salt

manufacture from seawater, facilities for recegpdrage, re-gasification of petroleum
products and liquefied natural gas, facilities fgenerating power by non-

conventional energy sources and certain publidifiesi may be permitted in this

zZone.

Between 200-500 meters of HTL, construction andairemf houses of local
communities, tourism projects including green fiaigport at Navi Mumbai, facilities
for receipt, storage, degasification of petroleuradpcts and liquefied natural gas,
storage of non-hazardous cargo, desalination pléatd#ities for generating power by

non-conventional energy sources are permissible.

1.3.4 CRZ-1V and the Permitted Activities

The aquatic area from low tide line upto territbiiaits is classified as CRZ-IV
including the area of the tidally influenced wabedy. In CRZ-1V areas, there is no
restriction on the traditional fishing and alliecttigities undertaken by local
communities. However, no untreated sewage, efftuentolid waste shall be let off
or dumped in these areas. A comprehensive platrdatment of sewage generating

from the city must be formulated and be in plagerégular updating.

1.4. Special Provisions for the Fisher-folk Commuities

Since the fishing communities traditionally live time coastal areas, they have been
given primary importance when drafting the CRZ fcdition 2011. One of the stated
objectives of the Notification is‘to ensure livelihood security to the fisher

communities and other local communities, livingtie coastal areas... and to
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promote development through sustainable manner doase scientific principles
taking into account the dangers of natural hazardthe coastal areas, sea level rise

due to global warming.”

The following are the provisions in the 2011 Nafifion that address the issues
relating to fishermen community :

(i) Water area up to 12 nautical miles and thelldafluenced water bodies have
been included under the Coastal Regulation Zomedar to:

- control the discharge of untreated sewage, efffuantl the disposal of solid
wastes - as such activities endanger the fishlaid @écosystem;

« Conserve and protect habitats in the marine arela @si corals and coral reefs
and associated biodiversity, marine sanctuaries kaosphere reserves, sea
grass beds etc. which act as spawning, nurseryrgarthg grounds for fish
and fisheries;

+ Regulate activities in the marine and coastal waserch as dredging, sand
mining, discharge of waste from ships, etc. inatgdieclamation which have
serious impacts on fishing and allied activities;

- Enable studies of the coastal and marine watets regjard to the impact of
climate change and the occurrence of disastershwiage serious impacts on

the livelihood and property of the fisher-folk comnities;

It may be noted thato restrictions are being imposed on any fishing &iwities and

allied activities of the traditional fishing communties in this area.

(i) At several coastal stretches of the country tishermen and their dwelling units
are in danger due to erosion which is occurringhprily due to manmade activities.

The development of such manmade foreshore activsigall be regulated after
identifying and demarcating the coast as fallingthe high eroding category, the

medium eroding category or the stable sites cayegor

(i) While preparing the Coastal Zone Managemean®, the infrastructures
essential for fishing communities must be cleadyndrcated and fishing Zones in the

water bodies and the fish breeding areas shalltdsdearly marked.
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(iv) The 2011 Notification requires the Coastal 2oManagement Authorities to
invite comments on the draft Coastal Zone Managémkam from stakeholders. This
will ensure that the local communities includinghgermen communities, will have a

say in the preparation of the CZMPs.

(v) The Notification allows infrastructural facikts for the local fishing communities

to be constructed in the CRZ-Ill area.

(vi) Reconstruction, repair works of dwelling unidé local communities including
fisheries in accordance with local Town and Couitlgnning Regulations has been

made permissible.

(vii) In CRZ-11l areas where 0-200 meters is a NevBlopment Zone (NDZ), to meet
the demands of dwelling units of traditional cohstammunities including fisher-
folk, the NDZ has been reduced to 100 meters. Hedeeelling units of such
communities can be constructed 100-200 meters frbgh Tide Line along the

seafront with the approval of the State Governrnaexitthe MoEF.

1.5 State-specific Provisions
Special provisions have also been incorporatedhi®ifishermen communities living
along the coastal areas in Maharashtra, Goa, Ke3aladerban and other ecologically

sensitive areas.

« Greater Mumbai: For the traditional fishing communities (nameljet
Koliwadas) living in Greater Mumbai a provision Haeen provided, wherein,
the area concerned shall be mapped and declaleR4AsIl and development
including construction and reconstruction can bemaup as per local Town

and Country Planning Regulations.

« Goa: The Government of Goa shall survey and map thHenfisvillages all
along the Goa coast and all facilities requiredffelning and allied activities

shall be provided. As per the CRZ Notification, 199expansion /
1.8



1.6

reconstruction / repair of dwelling units of loc@mmunities in CRZ areas
were viewed as violations of the Notification ifetmequisite permission had
not been taken from the authorities. Such unitpr@pmately 5,000) were
ordered to be demolished by the Hon’ble High CaifrBombay. However,

the 2011 Notification provides that reconstructand repair of the structures

of local communities shall also be permissible RZareas.

Kerala: The CRZ area in Kerala is reduced to 50 metras tigh Tide Line
(HTL) on the landward side. This area is a ‘No Depgeent Zone’ where no
new constructions can be carried out. However, livgelunits of local
communities within this area may be repaired armbnstructed. Necessary
foreshore facilities such as fishing jetty, fistyidg yards, net mending yard,
fishing processing by traditional methods, boalding yards, ice plant, boat
repairs etc. can also be constructed within th® Orgters area. Beyond 50
meters from HTL on the landward side, dwelling srof local communities
may be constructed with the permission of the |peaichayat.

Sunderban: In order to regulate development in Sunderban atiter
ecologically sensitive areas, and to take up cemasen and protection of
these areas for the benefit of local communitiesraegrated management
plan (IMP) is required to be prepared in consudtativith the communities.
The housing needs of the local communities inclgdisher-folk who are

living in such ecologically sensitive areas shalldbso addressed in the IMP.

Measures to Combat Pollution

The 2011 Notification lists out certain measureat thave to be taken to prevent

pollution in the coastal areas / coastal waterse @isposal of wastes and effluents

into coastal waters is a prohibited activity. Abastal states are required to ensure

that :

the existing practice of discharging untreated wasid effluents is phased out
within a period not exceeding two years.
Dumping of solid waste is phased out within one rydeom the

commencement of the Notification.
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« There should be an Action Plan prepared for dealiitly pollution in coastal
areas and waters and in a time bound manner.
« The Action Plan should be submitted to MoEF who Mqarovide technical

and financial assistance.

1.7 Procedure for Clearances
Unlike the 1991 Notification which did not lay dowie process for obtaining CRZ
clearance, a specific procedure has been providethe 2011 Notification for

obtaining such clearance. This procedure is asvili

(i) The project authorities shall submit the progdo® the concerned State / UT
CZMA along with the following documents/reports :

« Form-1 (Annexure-IV of the Notification);

« Rapid Environment Impact Assessment (EIA) Repoctuiding marine and
terrestrial EIA.

- Comprehensive EIA and cumulative studies for pod &oreshore requiring
projects as per guidelines issued by MoEF from tionime;

- Disaster Management Report and Risk ManagementrRepo

« CRZ map indicating HTL and LTL demarcated by anhatized agency
(1:4000 scale);

« Project layout superimposed on the above mentiomeagat

« The CRZ map shall normally indicate a 7 km raditmiad the project site.

« The CRZ map shall indicate the CRZ-I, Il, Il and dreas;

+ No Objection Certificate from the concerned PotintiControl Boards or
Committees for the projects which envisage disahanf) effluents, solid
wastes, sewage etc. (NOC from the Pollution CorBadrds or Committees

has been made mandatory in view to minimize paltutn the coastal waters)

(i) The concerned CZMA shall examine the aboveueents in accordance with the
approved CZMP and CRZ Notification and make recomataéons within a period of
sixty days from date of receipt of above document t
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- SEAC (State Expert Appraisal Committee) or EAC (&xpAppraisal
Committee) in case of the project attracting ElAtiNcation, 2006

« MoEF or State Government for the project attrac@iy Notification

(i) MoEF or State Government shall consider suptojects based on the

recommendations of the concerned CZMA within aqueof sixty days.

The clearance accorded to the projects under thé Rtification shall be valid for
the period of five years from the date of issuswth clearance. Once the clearance
has been accorded to projects under the 2011 bhaitdn, the following post
clearance mechanism has to be followed :

« It shall be mandatory for the project managementsabmit half-yearly
compliance reports in respect of the terms and itond stipulated for
granting environmental clearance in hard and softies to the concerned
regulatory authority, on 1st June and 31st Decembeach calendar year;

« All such compliance reports submitted by the projaanagement shall be
public documents;

- Copies of the same shall be given to any personaglication to the
concerned regulatory authority;

« The latest compliance report shall also be displage the website of the
concerned regulatory authority and shall be vadidthe period of five years

from the date of issue of clearance.

1.8 Enforcement Measures

The CRZ Noaotification, 2011 lays out the method #mel time frame in which actions
shall be taken against any violations of the Neaifion. The CZMAs at the State level
and the NCZMA, at the Central level shall be sttbaged in a time bound manner
and their capacities enhanced by MoEF for effeltieaforcing the Notification. The
violation shall be identified by using latest apmiate maps, satellite imagery and
information technology within a period of four mbatfrom date of issue of the 2011
Notification and necessary action will be initiatad accordance with the
Environment (Protection) Act, 1986 within a permidour months thereafter.
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To ensure transparency in the working of the CZMAs, Coastal Zone Management
Authority has to create a website and post on suebsite the agendas, minutes,
decision taken, clearance letters, violationspactaken, court cases etc. including the
CZMPs.

1.9  Special Provisions for Specific Coastal Stretels

The 1991 Notification provided for the uniform réagfion of the coastal areas in the
entire country irrespective of the environmentaledsity, socio-economic conditions,
developmental pressures etc. In the 2011 Notiboatspecial provisions have been
inserted, keeping in view the diverse problemsdaug local communities like those
individuals living in slums, those inhabiting olehdh unsafe buildings in Mumbai,

people living in islands in the backwaters in Kardbcal communities living in the

coast of Goa and the communities living in ecolallyc sensitive areas of the

Sunderban etc.

1.9.1 Special Dispensations given to Greater Mumba

Keeping in mind the fact the Mumbai faces some wmignvironmental and social
issues the following provisions have been drafted:

A. CRZ-I areas:

« All approved roads and links must be constructedtots to ensure free flow
of tidal waters.

« Five times the number of mangroves destroyed / dwring the above
construction process shall be replanted.

« Within one year of issue of this Notification, atlangrove areas must be
mapped, notified and measures for conservation teigtitiated, solid waste
disposal sites must be relocated outside CRZ aréaa action plan must be
launched to protect habitations and structurestéacan the seaward side of
the hazard line.

B. CRZ-Il area:
« The State Government may undertake slum redevelopsehemes in the
CRZ-11 areas in compliance with the Floor Spacesindr Floor Area Ratio as

specified in the Town and Country Planning Regalaj prevailing as on the
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date of the project being sanctioned. However, steke of the State
Government or its agencies shall not be less théh i such projects.
Redevelopment and reconstruction of old, dilapidasad unsafe buildings in
the CRZ-II area shall be allowed. All such projectast be taken up by the
owners of the buildings, directly or with privatev@lopers. All construction
must be in accordance with the Town and Countrynritfey Regulations
prevailing as on the date on which the project rianted approval by the
competent authority.

In order to protect and preserve the ‘green lurighe Greater Mumbai area,
all open spaces, parks, gardens, playgrounds tedida development plans
within CRZ-II shall be categorized as CRZ-lI, thsit ‘no development zone'.
Only construction of civic amenities and facilitiies recreational sports shall
be permitted if the floor index is up to 15%. Resitlal and commercial use
of such spaces is prohibited.

Reconstruction and repair of the dwelling units obging to local
communities in CRZ-II areas shall be permitted iy Competent Authorities
on a priority basis.

Fishing settlement areas including Koliwada, ands¢hidentified in the
Development Plan of 1981 or relevant records of @evernment of
Maharashtra, shall be mapped and declared as GRZdl that any
development, including construction and reconsioactof dwelling units
within these settlements shall be undertaken iroralemce with applicable

local Town and Country Planning Regulations.

1.9.2 Mechanisms to Regulate Such Special Dispatisns

In order to ensure that the redevelopment of slamd dilapidated structures in

Mumbai are done in the most transparent and acablentmanner, the following

measures are provided :

The Right to Information Act, 2005 shall be applileato all redevelopment or
reconstruction projects granted clearance by thapgatent Authorities.
Auditing shall be done by the office of the Complgoand Auditor General
(C&AG) of India in case of projects relating to slwuedevelopment and by the
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empanelled statutory auditor of C&AG in case of ensglopment of
dilapidated, cessed and unsafe structures.

« A High Level Oversight Committee shall be set upgderiodic review by the
Government of Maharashtra. This Committee shallluohe eminent
representatives of Architects, Urban Planners, hg®s, and members of
Civil Society, besides the local urban bodies, $itate Government and the

Central Government.

1.9.3 Special Dispensations Given to Kerala

Kerala has one of the most unique coastal enviratsneherein more than 300
islands are located within its backwaters. Keepmngew the distinctive geographical
layout of Kerala, special allowances have been ideal for coastal stretches of
Kerala in the Notification. Since the islands ire thackwaters of Kerala are narrow
stretches of land, the CRZ area is reduced to S@esyérom HTL on the landward
side. This area is a ‘No Development Zone’ wherenewv constructions can be
carried out. Existing dwelling units of local comnities within this area may
however be repaired and reconstructed. Necesseeghiore facilities such as fishing
jetty, fish drying yards, net mending yard, fishipgpcessing by traditional methods,
boat building yards, ice plant, boat repairs edn also be constructed within the 0-50
meters area. Beyond 50 meters from HTL on the landvside, dwelling units of

local communities may be constructed with the pssion of the local panchayat.

1.9.4 Special Dispensations Given to Sunderban

Sunderban is the largest mangrove area in the igouNearly 5 lakh people live
within the biosphere itself. It is being greatlyfeated by the rising sea levels and
changing weather patterns caused by climate changther, the local communities
face immense hardship due to lack of infrastructtaeilities. An integrated
management plan is proposed to be drawn up, uhdeNotification, for Sunderban
and such ecologically important areas such as @Whambat and Gulf of Kutch in
Gujarat, Malvan, Achra-Ratnagiri in Maharashtra, @ and Coondapur in
Karnataka, Vembanad in Kerala, Bhaitarkanika irs€xj Coringa, East Godavari and
Krishna in Andhra Pradesh. These areas would bkaréelcas Critical Vulnerable

Coastal Areas (CVCA) and the integrated managerplam would be prepared for
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each of these areas in consultation with the lgoahmunities. Until the integrated
management plans are drawn up and initiated, altessary infrastructure
developments for the local inhabitants in thesasushall be permitted on a case to
case basis by the Coastal Zone Management Authority

1.9.5 Special Dispensations Given to Goa

Specific provisions have been provided for the &tat Goa with a stringent
regulatory mechanism for sustainable developmemt @cological protection of
coastal areas. Other provisions include the folhai

- Since the traditional occupation of the populatlmng along the coast is
mainly the fishing and allied activities and fishinommunities require basic
infrastructure facilities for their livelihood, sidacilities shall be provided by
the Government of Goa after conducting a comprahessirvey.

« Reconstruction, repair of the structures of locammunities shall be
permissible in the CRZ areas.

« The eco sensitive low lying areas influenced bgltakction shall be mapped.
All mangroves along such land shall be protectatlaamanagement plan shall
be prepared. No developmental activities shall bemited in the khazan
land.

« Sand dunes, beach stretches along the bays ari¢ @leall be surveyed and
mapped. No activity shall be permitted on such sante areas.

- Beaches such as Mandrem, Morjim, Galgiba and Agohdse been
designated as turtle nesting sites and protecteéruime Wildlife Protection
Act, 1972. These areas shall be surveyed and mareageplan prepared for
protecting these sites. No developmental activeitesll be permitted in these

areas.
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ANNEXURE : CRZ-NOTIFICATIONS
Ra’jf,_}:{? Ministry of Environment, Forest and Climate Change
ﬁi} ~ Government of India
CRZ .l.\lot.i.f.ications

Coastal Regulation Zone - Legislations

« S.O. 1244 (E), [07/05/2014] - Amendments to nadificn number S.O.
19(E)(88.67 KB)

* S.0. 2558 (E), [22/08/2013] - Amendment to Islamnoté&ction Zone, 2011

 S.0. 2557 (E), [22/08/2013] - Amendment to the Qiification, 2011 regarding
the utilization of the CZMPs.

« S.0. 2264(E), [22/07/2013] - Reconstituting the Godaastal Zone Management
Authority [pdf]

« S.O. 2263(E), [09/07/2013] - Reconstituting the n&aaka Coastal Zone
Management Authority [pdif

e S.0. 2262(E), [09/07/2013] - Reconstituting the dledweep Coastal Zone
Management Authority [pgif

e S.0. 2261(E), [09/07/2013] - Reconstituting the Bam& Diu Coastal Zone
Management Authority [pgif

« S.0. 2260(E), [09/07/2013] - Reconstituting the Arad Pradesh Coastal Zone
Management Authority [pdif

» S.0.20(E), [06/01/2011] - Island Protection Zon&fioation 2011.[pdf

* S.0.19(E), [06/01/2011] - Coastal Regulation Zoatfication 2011.[pdf

* S.0.2507(E), [16/10/2012] - Gujarat Coastal Zonendgement Authority.[pdf

* S.0.1449(E), [02/07/2012] - Reconstituting the Amda and Nicobar Coastal Zone
Management Authority.[pgif

* S.0.1300(E), [06/06/2012] - Constitution of WesiBal Coastal Zone Management
Authority.[pdf]

* S.0.956(E), [01/05/2012] - Puducherry Coastal Zdamagement Authority.[pdif

+ S.0.851(E), [19/04/2012] - National Coastal Zonenkgement Authority.[pdf

* S.0.490(E), [19/03/2012] - Reconstituting the Odidhoastal Zone Management
Authority.[pdf]

« S.0.383(E), [06/03/2012] - Reconstituting the Malsatra Coastal Zone
Management Authority.[pgif

 S.0.91(E), [19/01/2012] - Reconstituting the Tahdldu Coastal Zone Management
Authority.[pdf]

 S.0.2843(E), [21/12/2011] - Reconstituting the Kar&oastal Zone Management
Authority.[pdf]

« S.0.302(E), [8/02/2011] - Reconstituting the NatibiCoastal Zone Management
Authority.[pdf]

 S.0.2058(E), [11/8/2008] - Andaman and Nicobar ©@daZone Management
Authority and Amendment.[piif

e S.0.1759(E), [21/7/2008] - Orissa Coastal Zone Manzent Authority and

Amendment.[pdf

+ S.0.2057(E), [11/8/2008] - Puducherry Coastal Zdenagement Authority and
Amendment.[pdf

*+ S.0.1676(E), [9/7/2009] - Andhra Pradesh CoastaleZdlanagement Authority and
Amendment.[pdf
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S.0.3250(E), [21/12/2009] - Daman & Diu Coastal &onvianagement
Authority.[pdf]

S.0.821(E), [9/4/2010] - Goa Coastal Zone Managemathority.[pdf

S.0.1675(E), [9/7/2009] - Gujarat Coastal Zone Mgmaent Authority.[pdf
S.0.2294(E), [7/9/2009] - Karnataka Coastal Zone&dement Authority.[pdf
S.0.1658(E), [21/7/2008] - Kerala Coastal Zone Mgemaent Authority.[pdf
S.0.3251(E), [21/12/2009] - Lakshadweep Coastal eZorManagement
Authority.[pdf]

S.0.3011(E), [31/12/2008] - Maharashtra CoastakAdanagement Authority.[pHf
S.0.1760(E), [21/7/2008] - Tamil Nadu Coastal ZMenagement Authority.[pdif
S.0.1757(E), [21/7/2008] - West Bengal Coastal Adia@agement Authority.[pdif
S.0.16(E), [4/1/2002] - Gujarat State Coastal Zbtamagement Authority. English -
[pdf], and . Hindi - [pdf

S.0.17(E), [4/1/2002] - Daman and Diu Coastal Zdvianagement Authority.
English-[pdi, and .Hindi- [pdf

S.0.18(E), [4/1/2002] - Maharashtra State CoastateZManagement Authority.
English-[pdi, and . Hindi- [pdf

S.0.19(E), [4/1/2002] - Goa State Coastal Zone Man®ent Authority. English -

[pdf], and . Hindi - [pdf
S.0.20(E), [4/1/2002] - Kerala State Coastal Zorendement Authority. English -

[pdf], and . Hindi - [pdf

S.0.21(E), [4/1/2002] - Karnataka State Coastal eZdvanagement Authority.
English -[pdi, and Hindi - [pdf]

S.0.22(E), [4/1/2002] - Pondicherry Coastal Zonenbgement Authority. English -
[pdf ], and Hindi - [pdf

S.0.23(E), [4/1/2002] - Tamil Nadu State Coastah&dVianagement Authority.
English -[pdi, and Hindi - [pdf

S.0.24(E), [4/1/2002] - Orissa State Coastal Zormmdgiement Authority. English -
[pdf], and Hindi - [pdf

S.0.25(E), [4/1/2002] - West Bengal State CoastaheZ Management Authority.
English -[pdf, and Hindi - [pdf

S.0.26(E), [4/1/2002] - Lakshadweep Coastal Zoneddament Authority. English -
[pdf], and Hindi - [pdf

S.0.27(E), [4/1/2002] - Andhra Pradesh State Codstae Management Authority.
English -[pdi, and Hindi - [pdf

S.0.28(E), [4/1/2002] - Andaman and Nicobar Coadtade Management Authority.
English -[pdf, and Hindi - [pdf

S.0.17(E), [8/1/2001] - Re-constitution of the Mat@l Coastal Zone Management
Authority (NCZMA) [pdf]S.0.991(E), [26/11/1998] - Constitution of Natibna
Coastal Zone Management Authority. English -Hinghidf]

S.0.577(E), [13/7/1999] - Amendments to S.0.994&pd 26/11/1998 .
S.0.992(E), [26/11/1998] - Constitution of Andang&iNicobar Islands Coastal Zone
Management Authority. English_-[gdi&and . Hindi - [pdf

S.0.993(E), [26/11/1998] - Constitution of Andhraradkesh Coastal Zone
Management Authority. English -[gdfand . Hindi - [pdf

S.0.994(E), [26/11/1998] - Constitution of Tamil diaCoastal Zone Management
Authority. English -[pdf, and . Hindi - [pdf

S.0.996(E), [26/11/1998] - Constitution of PondicheCoastal Zone Management
Authority. English -[pdf, and . Hindi - [pdf

S.0.997(E), [26/11/1998] - Constitution of West BahCoastal Zone Management
Authority. English -[pdf, and . Hindi - [pdf
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* S.0.998(E), [26/11/1998] - Constitution of Damn d&id Coastal Zone Management
Authority. English -[pdf, and . Hindi - [pdf

+ S.0.999(E), [26/11/1998] - Constitution of Gujar@bastal Zone Management
Authority. English -[pdf, and . Hindi - [pdf

*+ S.0.1000(E), [26/11/1998] - Constitution of Karrk@aCoastal Zone Management
Authority. English - htnl [pdf], and . Hindi - [pdf

 S.0.1002(E), [26/11/1998] - Constitution of Laksked Islands Coastal Zone
Management Authority. English_-[gd&and . Hindi - [pdf

* S.0.1003(E), [26/11/1998] - Constitution of Mahdmtas Coastal Zone Management
Authority. English -[pdf, and . Hindi - [pdf

* S.0.995(E), [26/11/1998] - Constitution of Goa GabhZone Management Authority.
English -[pdf, and . Hindi - [pdf

* S.0.518(E), [30/6/1999] - Amendments to S.0.99%(@&Eed 26/11/1998[pdf]

e S.0.1004(E), [26/11/1998] - Constitution of Oris€woastal Zone Management
Authority. English -[pdf, Hindi - [pdf]

* S.0.399(E), [28/5/1999] - Amendments to S.0.1004i&Eed 26/11/1998 .

 S.0.1001(E), [26/11/1998] - Constitution of Keralzoastal Zone Management
Authority. English[pdf, Hindi - [pdf]

* S.0.104(E), [12/2/1999] - Amendments to S.0.1004@&ed 26/11/1998 .

* S.0.88(E), [6/02/1997] - Constitution of Aquacu#ukuthority. English[pdf Hindi -
[pdf]

* S.0.114(E), [19/2/1991] - Declaration of Coastalettthes as Coastal Regulation
Zone (CRZ) amended 3/10/2001[pdf

* S.0.1243(E), [15/09/2006] -Coastal Management Zdoigfication, 2009. - [pdf

 S.0.1761(E), [21/07/2008] -Coastal Management ZAdatfication, 2008(Draft Re-
publication). - [pdf

*+ S.0.1070(E), [01/05/2008] -Coastal Management ZWpéfication, 2008(Dratft). -
[pdf]

* S.0.838(E), [24/7/2003] - Amendments to S.O.114deded 19/2/1991. English -
[pdf] and Hindi - [pdf

 S.0.636(E), [30/5/2003] - Amendments to S.O.114{&ed 19/2/1991.English_-[pdf
] and Hindi - [pdf.

* S.0.635(E), [30/5/2003] - Amendments to S.O0.114{&ed 19/2/1991. English -[pdf
] and Hindi - [pdf

* S.0.460(E), [22/4/2003] - Amendments to S.O.114¢Rded 19/2/1991. English
[pdf] and Hindi - [pdf

 S.0.1100(E), [19/10/2002] - Amendments to S.O.1)14{&ed 19/2/1991. English
[pdf] and Hindi - [pdf

 S.0.550(E), [21/5/2002] - Amendments to S.O.114¢Bded 19/2/1991. English
[pdf] Hindi - [pdf]

* S.0.329(E), [12/4/2001] - Amendments to S.O.114¢Rded 19/2/1991. English
[pdf] and Hindi - [pdf

 S.0.1122(E), [29/12/1998] - Amendments to S.O.114(&ed 19/2/1991. English-

Hindi - [pdf]

Source URL: http://envfor.nic.in/rules-regulations/crz-not#idons
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Chapter 2

Present Scenario

2.1 Introduction

Ports from all over the globe are committed to ghetection of environment and are
taking steps and endeavors to become clean, greemrravironment-friendly. They
have the responsibility to adopt greener practicesgard to prevention of air, water
and soil / sediment pollution. With these objedive mind, Ministry of Shipping,

Government of India desires that all Major portewgt prepare their Environmental
Management and Monitoring Plan (EMMP), which shoatimprehensively cover
various aspects of environmental measures, Gream measures as well as

sustainability measures.

Marine ports are major hubs of economic activitg atso one of the major sources of
pollution. In particular, the following activitiesesult in highly significant
environmental, ecosystem and human health impacts :
* Number of ships with engines continuously runnimgpmllution discharging
fuels
» Thousands of diesel trucks per day

* Diesel locomotives hauling cargo and other polgguipments

Major ports mainly handle containerized cargo, loink like food grain, timber, coal,
iron ore, china clay, cement, fertilizer, liquidrga including POL (Petroleum, oil and
lubricants). The cargo is stored at the port fansitory period and then evacuated to

the destinations through rail road or pipelines.
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The impacts of these port related activities mampnifest in terms of deterioration
of air, water and sediment / soil quality. Theyoalsicrease the noise levels.
Subsequently, they affect ecosystem as well as humealth and thus can increase

risk of illness, respiratory diseases or cancer etc

Ports always undergo expansions so as to accomencaladr-increasing cargo
volumes due to the continuous growth of internaidrade. Moreover, Marine ports
are one of the most poorly regulated sources dtipah releasing largely unchecked
guantities of health-endangering air and waterypioih, noise and light pollution.
Ultimately, all these adversely affect the nearloynmunities, and harm even the

marine habitats.

EMMP (Environment Management Monitoring Plan) isedfective tool to work on
micro-level to identify and address various effedfs port operations on the
environment.  Moreover, EMMP also helps in assgstiand ensuring the
effectiveness of the EIA process and implementaticthe commitments made.

EMMP is mainly aimed at minimizing various advemsgacts on environment. It is
important that port authorities ensure that thegednandling operations and other
allied activities do not violate regulatory envimeantal standards and norms. At the
same time, they should also adopt the necessairgatimin measures. Ultimately,
EMMP acts as a comprehensive manual for envirorshgmbtection, reduction in
carbon (GHG) emission and finally it helps in coriveg major ports into "Green
Ports".

This report, inter alia, discusses solutions tot pailution problems and provides
requisite information on the health and environrakmhpacts of port operations; an
overview of policies governing marine ports; andaded analysis for developing a
green plan for ports' environmental managementraaditoring. It focuses on the
following main operations at the ports :

» Cargo handling at berths

» Stacking and handling of cargo at yards

» Evacuation of cargo
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This report has been prepared on the basis ofuamdernational reports available on
these ports and the data and information containdgtiose. Essentially, the report
looks into (a) identification of sources of pdibin and relevant monitoring plans in
accordance with CPCB (Central Pollution Control Bsstandards, norms and
guidelines; (b) corrective and preventive measu®sCRZ-notification and land use
planning; (d) various developmental aspects; (¢)jonal, international laws and
treaties; (f) associated and relevant carbon amiogical footprints and various
interrelated socio-economic (health, education,irenmental awareness, costs and

benefits etc.).

2.2 Mumbai Port

Mumbai port has been the principal gateway to Iradlid has played a pivotal role in
the development of the national economy, trade @svdmerce and prosperity of
Mumbai city in particular. It caters to 11.29 % tble country's sea-borne trade in
terms of volume. The port has achieved this pasitwmough continuous endeavour to
serve the changing needs of maritime trade. Tharaghtionally designed to handle
general cargo, over the years, the port has addptetlanging shipping trends and
cargo packaging from break bulk to unitization llgi&zation and containerization.
Having weathered and survived many a change intimaritrade in its long history,
Mumbai Port is today facing challenges posed by petition from adjoining ports,
changing traffic patterns, inherent physical caists and continuing labor intensive

operations.
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Mumbai port wishes to implement a green port plantfie minimization of carbon
footprint and ecological footprint. Port falls irRZ 3 and off shore structure falls in
CRZ 4. The main source of water is through MCGMgrage annual water use of
port is 65, 27000 KL, and port has installed watensumption meters for different
activities. Port is having STP of 200 KL/Day capaa@nd treated water is used for
gardening purposes. Many water conservation mesaretaken recourse to at the
port such as routine inspection for leakages, mitéent regulations of water supply
to colonies and other operational areas.

Consent to operate for Mumbai port trust as per“fftee water (prevention and
control of pollution) Act, 1974 is issued by the MIB. As per consent for the
Domestic effluent permitted quantity of discharge8i774.23 cubic meter per day,
which is disposed in MCGM sewer. Port is havingt@ drainage plan for storm water
drains, sewer drains, municipal water drains, wptents for boats at various docks,

pumping stations, water meters, fire hydrant pogits

The total open surface area of the port is 75,@Dgg. m and 39, 90,000 sqg. m of this
area is cemented and 35, 39,100 sq. m area isetbvéth grass. Air emissions are
monitored on the regular basis. Consent to opdoat®umbai port trust as per the

“The Air (prevention and control of pollution) Act981” is issued by MPCB.
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Air pollution control system includes one staclaelted to Slipway steam boiler, two
stacks at DG set (100 KVA x 2) , Four stacks at $86(160 KVA x 4 ). In addition
port has already given a consultancy contract &idsas well as hazardous waste,

garbage, kitchen waste etc.

For port activities at Marine Oil Terminal (MOT),awahar Dweep, annual
consumption of electricity is 12, 80,790 kWh. Etexsty used for OPL (Oil Pipe
Line), Pir Pau manifold is 3,24,000 kwh, for @hey No.3 + Manifold (440 V
supply), it is 9000 kwh and for first Chemical BefNPJ) Pump house, Jetty light,
Road way (22 KV Substation) is 3,34,991 kwh.

Annual High speed diesel fuel consumption for Sttpssenger launch Kalpana) is
70,000 liters approx, For Mooring Tug, M.T. Susikil26,000 liters approximately
and for survey launch, Sanshodhinee is 22,700slitgproximately. 28800 liters
diesel fuel is required for transportation of staff00 kg of CNG is required for
patrolling and maintenance at OPL-PP & Wadala, 186 of diesel for firefighting

equipment and 360 KL (approx.) is required for egpieg MbPT owned shunting

Locomotives for handling exim cargo Trains, Forklifor shifting cargo in the Docks

and port vehicles like jeeps/cars in outlying areas

2.3 Air, Water and Noise Quality Indices

An Environmental Quality Analysis has been perfadmender this section to

establish a baseline for existing environmentallijuand to_demonstrate that this

kind of exercises need to be reqularly done as atpaf the Environmental

Monitoring and Audit exercise. This, inter alia, widd help in identifying which

sectors need management priorities.

2.3.1 Methodology of Calculation of Air Quality Index

* For every parameter (parametgrgen are concentration G0O,, NO , NH3

in pg/n?) the exceedance factor is calculated.
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Inverse Exceedance factorH)

Permissible limit of concentration in pg /m3

Given Concentration of in pug /m3

AQI is un-weighted average of inverse exceedanteifa k
YIIEn

T

AQI=

Where n is the number of parameters considereds @thigher value of AQI

means that the better is the air quality and vieesa.

2.3.2 Methodology of Calculation of Water Quality hdex

The methodology for calculation is given by Natibsanitation foundation (NSF).

Quality index (Q.l) for each paramet@rarameters given are %age D.O
saturation, B.O.D (mg/l), Turbidity (NTU), T.S.Sg{i)) is calculated from the

graphs.(graphs given at.__ http://www.water-reseaetindex.php/water-

treatment/water-monitoring/monitoring-the-qualitirsurfacewaters

The graphs (for calculation of WQI from the bulkta)aare reconstructed in
M.S Excel-Software. For reconstructing the gratagoints are fetched from
the online programming of the aforementioned wak. liInterpolation is done

by considering linear slope between known datatpoin

Weighted average of individual Quality Indices (Fdrm the Water Quality
index (WQI) :
>1Q.m X Wn
2T1Wn

WQI=

Where Wn is the weight assigned to parameter n y a&ay of the
aforementioned water quality parameter) and Q.Inhes quality index of

respective parameter.
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Water Quality Parameter Weight (Wn)

%age D.O saturation 0.17
B.O.D (mg/l) 0.11
Turbidity (NTU) 0.08
T.S.S (mg/l) 0.07

2.3.3 Methodology of Calculation of Noise Qualityridex

. Ln chart is made which shows the percentage of Baghpme for which the

given noise level is exceeded’he X axis has noise levels in dB(A) and Y-

axis has percentage of time for which the noisellessmore than that on the
X-axis.

. Sound levels in the range of 55 to 75 dB(éaytime) and night time 50 to 70
dB(A) (night) are taken and arranged at regular intervals oniX ax

. Using function to calculate the number of hourdhwibise level greater than a
given value, the % age exceedance ( % of samphmg for which noise level
exceeds value on X axis is calculated).

. Leq ( Which represents the equivalent continuous sopradiuced by same
energy that produces sound varying over given valsr ) is calculated
separately for day hours ( 06:00 to 21:00 HRS) aimght hours (22:00 to

05:00 HRS) using the given formula:
Li
. Leq= 10 logo( 2, 1010 X EQ) : Where Li is the loudness in dB(A) for the

given sampling and ti is the fraction of time ofrgding hours for the

corresponding loudness reading.
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Chapter 3
Objectives of the Present Exercise

3.1 Preamble : Preparation and Submission of Envinomental
Monitoring Management Plan and Green Plan for Mumba Port

As per the directions of Ministry of Shipping, MuaitiPort Trust (MbPT) has
to upgrade the existing Environmental Managemeah FEMP) and has to
prepare an Environmental Monitoring Management REMMP) and Green
Plan as per the issued Guidelines. MbPT, therefomgoses to retain CSIR-
National Environmental Engineering Research In&iiNEERI), Nagpur to
conduct this study.

3.2 Background

Mumbai Port Trust (MbPT) has Environmental ManagetrPlan (EMP) in
place since 2009 and MbPT has been carrying outtarorg of the following
parameters :

» Harbour Water Samples

* Ambient Air Quality (using portable gas sampler)

* Ambient Air Quality (using High Volume Air Sampler)

» Effluents of Sewage Treatment Plant

» Biological and physico-chemical parameters of harbwater samples

and marine sediments

* Noise Quality
The above-mentioned data would be made availableMbT to CSIR-
NEERI.

3.3 Scope of Work

Upgrading MbPT's existing EMP as mentioned abowmd preparation of
EMMP and Green Plan for Mumbai Port Trust
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3.4 Objectives of the Study

The objectives of the study would be :
« To check the Mumbai Port's monitoring data's coamue with the
standards
*  To study the trend analysis of pollutants in spatial temporal scales
*  To identify possible sources of pollution

 To recommend control / mitigation strategies thaat belp develop the

port in an environmentally sustainable manner

. To use the database collected, whenever needdanibmuse planning,
investigation of complaints and suggestions in mga mitigating
impacts of developmental activities in and around

* To use the information collected, whenever needed l&nd use
planning, investigation of complaints and for EIAf wther

developmental activities in and around the port

* To prepare and submit Green Plan for Mumbai Padtes
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Chapter 4

4.1

Framework

Structure and Contents of EI A

The Ministry of Environment and Forests (MoEF), Gaf India vide its Gazette

Notification published on September 14, 2006 haécated a frame work for structuring the

report and the issues that should be addressed iengironmental impact assessment

document. The structure of EIA and SIA report dticnave following components :

Sr. | EIA STRUCTURE CONTENTS
No.
1. | Introduction » Purpose of the report
- Identification of project & project proponent
- Brief description of nature, size, location of
project and its importance to the country, region
» Scope of the study — details of regulatory scoping
carried out (As per Terms of Reference)
2. | Project Description « Condensed description of those aspects of theqiroje

(based on project feasibility study), likely to sa
environmental effects. Details should be provided t
give clear picture of the following:
« Type of project
» Need for the project
» Location (maps showing general location, specific
location, project boundary & project site layout)
« Size or magnitude of operation (incl. associated
activities required by or for the project)
» Proposed schedule for approval and implementation
« Technology and process description
« Project description. Including drawings showing
project layout, components of project etc. Schernati
representations of the feasibility drawings whioreg
information important for EIA purpose
- Description of mitigation measures incorporatea nt
the project to meet environmental standards,
environmental operating conditions, or other EIA
requirements (as required by the scope)
+ Assessment of new & untested technology for|the
risk of technological failure

=
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Sr.

No.

EIA STRUCTURE

CONTENTS

Description of the
Environment

Study area, period, components & methodology
Establishment of baseline for valued environme
components, as identified in the scope

Base maps of all environmental components

ntal

Anticipated Environmental
Impacts &
Mitigation Measures

Details of Investigated Environmental impacts du
project location, possible accidents, project des
project construction, regular operations, fi
decommissioning or rehabilitation of a comple
project

Measures for minimizing and / or offsetting adve
impacts identified

Irreversible and Irretrievable commitments
environmental components

Assessment of significance of impacts (Criteria
determining significance, Assigning significance)
Mitigation measures

et
5ig
nal
ted
rse
of

for

Analysis of Alternatives
(Technology & Site)

In case, the scoping exercise results in neeq
alternatives:

Description of each alternative

Summary of adverse impacts of each alternative
Mitigation measures proposed for each alterna
and

Selection of alternative

for

ative

Environmental Monitoring
Program

Technical aspects of monitoring the effectivendy
mitigation measures (incl. Measurem
methodologies, frequency, location, data anal
reporting schedules, emergency procedures, de
budget & procurement schedules)

S 0
ent
ySis,
tailed

Additional Studies

Public Consultation
Risk assessment
Social Impact Assessment. R & R Action Plans

Project Benefits

Improvements in the physical infrastructure
Improvements in the social infrastructure
Employment potential — skilled; semi-skilled 3
unskilled

Other tangible benefits

nd

Environmental Cost Benefit
Analysis

If recommended at the Scoping stage

10.

EMP

Description of the administrative aspects of emgy
that mitigation measures are implemented and
effectiveness monitored, after approval of the EIA

ri
their

11

Summary & Conclusio
(This  will  constitute
summary of the EIA Report)

the

Overall justification for implementation of tf
project

Explanation of how, adverse effects have &
mitigated

ne

een

12.

Disclosure of Consultants
engaged

The names of the Consultants engaged with

their

brief resume and nature of Consultancy rendered
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Chapter 5

Components of Environmental
Concern in Port Related Activities

51 Components of Concern
The major components of concern are :
* Impact on the ground water of the coastal area@uapounding
« Impact of transportation of material by road and ra
< Impact on hydrodynamics of the sea, changes inmaamd coastal ecology
* Impact on social activities including fishing argtiaulture
e Impact during construction, maintenance and opmrati

* Impact on associated industries

5.2 Broad Environmental Issues
e Air, Water, Noise and Land Quality
* Socio-economics and Marine Ecology
e Impacts due to land reclamation and its use foiicaljure, woodland,
plantation, nature reserves, recreational, resieartd industrial areas
« Impacts connected with wetlands (new and old)
* Socio-economic growth profile and fishery-potentmathe surrounding area

* Impact due to increase in vehicular traffic

5.3 Environmental Management Plan (EMP)
The impacts (identified through baseline assessmeantified through predictive
exercise and evaluated subsequently) need to lpenyqrevented or mitigated
through a pragmatic Environmental Management PEMR). The EMP would

include the impacts from all the components.

5.4 Issues to be addressed Phase Wise

Threephasesshould be considered :
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+ Construction Phase
* TransitionPhase

* OperationPhase

Theissueghat arise during these three phases are delthbatew.

54.1 Construction Phase : Construction material (garrying, blasting and
related impacts)
» Construction Activities
» Construction Material Transport
e Aquatic Ecosystem (Marine) Impacts : Air, Water,i$¢o& Sediment

» Socio-economic Impacts

5.4.2 Transition Phase

» Land based Impacts (geo-morphology, drainage patedimentation and effect on
saline soil along the shore line)

» Aquatic / Marine Ecosystem Impacts

* In-flow of pollutants from rivers

» Water quality assessment including algal bloom

* Impact on shipping, fishing, salt industries etc.

e Change in flora / fauna

* Socio-economic Impacts

5.4.3  Operational Phase
+ Global Impacts including climate change
+ Ground water quality and salinity in coastal area
« Land based Impacts : geomorphology, drainage, sadinflow, land
reclamation, road- rail transport etc.
% Aquatic/ Marine Impacts
0 Industrial and domestic pollutants
o Water quality vis-a-vis urban, industrial, agricuél
development
o Oil Spills from Ports and harbours

0 Impact on Fisheries
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5.5
5.5.1

o0 Salinity intrusion
o Impact on Flora/fauna

% Socio-economic Impacts

Environmental and Social Issues
Potential impacts during different phases
Construction Phase :

o Land Environment

. Pollution due to large scale activities
. Impacts on natural drainage and aesthetics
. Pollution due to increased soil erosion from thestauction sites

0 Water Environment
. Water pollution due to disposal of untreated sewatieer waste
water discharges
o Ecology
. Impacts on benthic ecology due to dredging and odap of
construction material
. Increase  in  turbidity  with  corresponding redowat in
photosynthetic activity and primary productivity
. Degradation of terrestrial flora as a result of gregation of large
labour population
o Air Environment
. Deterioration of ambient air quality as a resulbpération of various
construction equipments, increased vehicular traftc.
0 Noise Environment
. Increase in noise levels as a result of operatidnvarious
construction equipments, blasting, increased védnidraffic etc.
0 Socio-economic Environment
. Improvement in the employment scenario as a re§ubsorption of
local labour in the construction activities
. Traffic congestion and traffic safety aspects

. Social stress due to migration and influx of labour
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Transition Phase:
Land Environment
. Sedimentation in rivers and surrounding coastal are
. Impact on saline soil along the shore line

Water Environment

. Disposal of effluents from surface and sub-surfiregnage system

. Impact on water quality due to pollutants inflowrir rivers
Ecology

. Impact on marine flora and fauna

. Effect on migratory birds

Socio-economic Environment
. Acquisition of land for construction of various ot components
e.g. construction of road network joining the stonction sites

. Impact on employment generation and pattern

Operational Phase:
Land Environment
. Land reclamation, change in land use
. Impact on groundwater quality

Water Environment

. Impact of use of agro-chemicals in the surroundiren

. Impact on water quality due to disposal of treasewl untreated
effluents

. Impact on human health due to bio-accumulation edviy metals,

pesticides, etc.

Ecology

. Impact on bio-diversity (migratory birds, mangroverests and
migratory fish species etc.)

Socio-economic Environment

. Impact on employment generation and pattern

. Impact on overall quality of life (public healthdwcational status,
women-empowerment, etc.)

. Impact on livestock
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5.6 Assessment of baseline environmental quality drsocial status
In order to make a relevant and reliable assessaofigmbject impacts, it is essential
that the baseline situation is known. The basdissessment includes data on the
relevant environmental characteristics of the stadga, as well as information on
any likely changes. The relevant information, in@ra, should include the

following aspects:

5.6.1 Physical Environment
. Climatic conditions
. Coastal and oceanic parameters (tidal currentsiebhe, bottom

sediment, wave data etc.)

. Data on geology and mineral resources, topograguilg,

. Surface water and ground water (level of pollutiorsurface water,
ground water, river sediment )

. Sources of pollution and their quantification angrrent fate of
pollutants entering the sea

. Ambient air quality, existing sources of air emigs (traffic and

industries, etc.)

. Noise and offensive odour levels
5.6.2 Biological Environment
. Existing terrestrial and marine flora and faundha area, rare and

endangered species, micro-biological entities, arymproductivity

and plankton distribution

. Bio-diversity in the ecologically sensitive areas
. Breeding and nesting grounds for indigenous andatogy birds
. Species of commercial importance
. Nuisance causing harmful species, disease-veetnrs
. Forest cover, natural vegetation and mangroves
5.6.3 Socio-cultural Environment
. Agricultural practices; cropping patterns, energe,uuse of agro-
chemicals
. Existing Land Use and Future Plans
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. Quality of life

. Cultural and recreational activities

. Public health facilities

. Demography and associated socio-economic conditions
. Fisheries and employment generation

. Legal and institutional frame work

. Solid waste disposal

For generating baseline information, standard metmedommended by the Bureau of Indian
Standards, Central Pollution Control Board, Miniswf Environment and Forests are
available. A comprehensive overview of samplingcedures and measurement methods is
given in the manual of EIA of MoEF, January 200&léRant details are also available on the
MoEF web-site (http ://envfor.nic.in:80/divisiorasis/eia/Cover.htm).

5.6.4 Identification and Evaluation of Mitigation Measures
The environmental management plan (EMP) shouldudeclproposed work program, budget
estimates, schedules, staffing and training remerds, institutional needs (in terms of
authority and/or regulation) and other necessappsu services for the implementation of
the mitigation measures. The EMP should also ireclgblan to monitor the implementation
of mitigation measures and the impacts of projecing construction and operation provided
with an estimate of capital and operating costs ardkscription of other inputs (such as
training and institutional strengthening) neededcaory it out. Feasible and cost effective
measures to prevent or reduce significant negatipacts to the acceptable levels need to be

developed.
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| ndividual Components

6.1 Overall Important Issues

Water quality impact

Hydraulic and morphological impact

Economics and financial impact

Heavy metals and their bio-accumulation and ingpact the human
beings and livestock.

Soil and groundwater impacts

Appropriate effluent disposal

Labor colonies and various infrastructural fai@ht

Marine ecology, spawning and breeding of variougecgs,

phytoplanktons, zooplanktons, macro and meio-falegthic fauna
etc.

Fisheries and the related impacts

Impacts on mangrove ecology

Vehicular movement and their air, water and nqgisality impacts

Socio-economics (including health related issues)

6.2 Associated Industrial and Domestic Actities Around the Port

The information about the major industries in terofstheir gaseous

emissions, water discharges, solid waste generatdnthe environmental

management plan should be integrated. This shaaldde :

Baseline environmental quality data with respecaitp water, noise,
land, socio-economic and biological components
Prominent endemic diseases and mortality rateshénsurrounding

industrial area
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Emission-inventories and the associated managepians so as to
understand, quantify and manage adverse impacts

Industry specific pollutants such as VOC'’s, hydrboas, ammonia,
chlorine and any other toxic compound

Characterization and quantification of wastewatenegated from the
industries and the nature of effluents discharge isurface and
ground water bodies

Evaluation of wastewater treatment plants and othssociated
facilities for their adequacy and performance, oeyreuse practices
Identification of wastewater discharge locationsd ateir likely
diversions to the safe disposal site

Assessment of feasibility of water reuse for gredindeevelopment and
irrigation

Assessment of solid wastes generated from the tnesisand the
methods of collection, treatment, transportatiod disposal
Evaluation of sites for safe and proper land fgliof the solid waste,
development plan for landfill site and adequacyl8DF (Treatment
Storage and Disposal Facility) for waste disposal.

Assessment of impact of TSDF on ground and suriater quality in
the port area

Assessment of biodiversity, flora, fauna and messtor biodiversity-
conservation

Assessment of over all impacts on ecological anddihealth
Assessment of economic benefits and likely chamggsality of life
Latest inside/outside port development with navagatoutes and draft
available, proposed and existing cargos includimgntcal cargos
Proposed coastal infrastructure projects includirsgde/outside ports
along with projected traffic in the ports

Impact on change in draft due to any sedimentatiomavigation
channel related to change in hydrodynamics (tidecamrent)

Impact of deposition of sediment in the navigatiohannel and

estimation of related maintenance dredging
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6.3

6.4

Impact due to On-going Activities

Impact on land use pattern, associated agricultarestry and fisheries
Impact of vibrations on the surrounding environmarduding damage to
materials / structures
Impact of noise and mitigation measures for nalsgement
Impact of wastewater-discharges on water resources
Soil-erosion and soil-loss
Impact of solid waste treatment and disposal
Loss of forest resource, economically importannfgamedicinal plants, and
threat to rare and endangered species
Impacts on biodiversity, wildlife habitats, migragacorridors, migratory avi-
fauna, rare and endangered species, medicinakptmt
Impact on fishery resources and agricultural pradac
Habitat fragmentation and blocking of migratory radwrs (terrestrial as well
as aguatic) due to port activities (on-going andsayged)

Implementation of pollution control measures to imize the pollutants
that have adverse impact on environment
Identification of suitable native tree species é@mpensatory afforestation,

green belt

Impact on Coastal, Intertidal and Marine Ecology
Impacts due to various construction activities
Impact on sediment quality (physico-chemical, ieutis, bio-productive
status, levels of pollutants including heavy megadd pesticides)
Impact of soil and water pollution due to indudtedfluent discharges and
agricultural wastewaters (fertilizers and pestisjde
Impact of heavy metal pollution, rise in suspendsmtticles leading to
turbidity, reduction in photosynthetic activity aneksultant decrease in
primary and secondary productivity
Impact on marine algae, its abundance and itsimaeosystem
Impact on benthic fauna and its loss due to drepgin
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Impact on mangroves and consequent loss of breggound for crustaceans,

fishes and sea birds

Impact of changed sediment quality on flora anchéau

Impact on species composition as (planktons batiytgpand zoo, microbes,

benthos, fishes, birds etc.)

Bioaccumulation of pesticides and heavy metalslbsafand fauna species
(bivalves, fishes) and associated human healthrtiszes well as other species
preying on them (e.g. migratory birds etc.)

Impact on the microbial population structures

Impact on the existing abundance and quality othbempopulation
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Chapter 7

Coastal Pollution and MARPOL
Convention

7.1 Introduction
Ocean Pollution is caused due to several reaschgling the following :
o Oil pollution
Marine debris
Toxic materials
Ocean dumping and mining

Tanker spills

o O O O o

Runoff from land and industrial wastes

Amongst total sea pollution, land based dischargestribute about 44%,
atmospheric input is 33%, maritime transport is 12#&hile dumping and oil
exploration (and production) contribute about 108d 4% respectively. At the same
time, the global cargo carrying fleet is 54,897pshof 1,349.4 million Dwt and
average age of 19 years. Moreover, following diatiss also worthy of taking note :

* More than 90 % of global trade is carried by sea.

* Annual sea trade is about 8 billion tons.

* lItis estimated that by 2060, it will grow to 23lioin tonnes.

» Therefore, unless until adequate measures are tidlemssociated Carbon
Footprint (CF) may grow by 300%.
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The % distribution of various cargo materialprsvided in the following table

(http://www.faroproject.eu/archivos/documentos/20%20SETAC%20Congress/Pos
ter SETAC_EF_APV.pdf):

7.2

7.3

S. No.

1.

2.

Type of Cargo

Fish

Car

Fuel

Containers and Packaging
Auto

Metals etc.

Machinery

Wood, Staves and Sleepers
etc.

Fish Meal

Potential Impacts During Port Construction

Percentage (%)
25.7%

20.08 %

17.58 %

5.95 %

4.6 %

4.4 %

4.34 %

3.95 %

2.98 %

Pile driving, deposition of rubble, dredging, sacompaction and other

construction work in water cause re-suspensi@ediments and turbid water.

Re-suspension of sediments in water leads to arease in the level of

suspended solids and in the concentration of ocgaaitter, finally leading to

toxic or harmful levels.

It also reduces sunlight penetration.

Work vessels can cause oil spills, garbage disehaagd leakage of other

substances into water.

Dredging and disposal of dredged material also feagnificant impacts.

Impacts During Port Operations

« Discharges including bilge water,

*pallast water,

7.3



* oily wastes,
* sewage,
» garbage and other residues in a ship.
» Spills of ails,
* lubricants,
» fuels and
« other oily liquids
7.4 Impacts Due to Cargo Operation

. Runoff from raw material storage

Spills from bulk cargo handling
Wind-blown dust

. Accidental spills of toxic, harmful materials, ®ibr oily compounds

and other raw materials

7.5 Pollution Due to Location of the Port
* Changes in current patterns, littoral drifts duenave refraction, diffraction
and reflection.
* Changes in littoral drifts may lead to accretiowl &rosion of the shore- zone.
» Sedimentation and contamination of sea-bottom
* Increase in organic matter contents

* Eutrophication of water and alterations in foodavirgteractions

7.6 Maritime Pollution vs. Pollution from Land-basel Activities
Estimates by GESAMP (The Joint Group of ExpertdhanScientific Aspects of
Marine Environmental Protection) suggested thaddlaased discharges
* Such as sewage, industrial effluents and urbawvef run-off, together
with atmospheric inputs from land industry soureesccounted, in
1990, for some 77% of marine pollution generatedmfrhuman
activities,
* While maritime transport was estimated to be resjda for only 12
% of the total.
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According to the report (2002) of UNEP’s Global gamme of Action for
the Protection of Marine Environment from Land-Bhgetivities,
* 80% of the pollution in the world’s oceans origmdtom the
land-based activities,
 With the maritime sector representing just 10% aimhn

sources of marine pollution.
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Solid Waste Generation

Cargo operations produce wastes such as the

Remains of bulk cargo storage,

Rubbish from unpacking,

Floating garbage and

Other wastes, such as generation of garbage freraftites and town-ships
Pesticides, herbicides and many other chemicals used in common
consumer products.

Some of these chemicals including radio-active esafnd their way (through
run-off) to the sea or ocean.

Oceans have been very convenient dumping groundvéste generated on

land.
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7.8

One of the most important contaminants / pollutamesthe nets and plastics,
which can be swallowed and caught in an animallsafes, dolphins, seals,
turtles etc.) digestive system.

There is an accumulation of various toxic materialso. For example,
mercury, dioxin, PCBs, PAHs and even radio-activiestances.

Incineration at Sea (mostly of liquid chlorinategdhocarbon) was phased out
in early 1991, followed by the decommissioninglod tast incineration vessel.
Dumping of radioactive Wastes is banned accordingdandon-Convention.
Other categories of wastes dumping of which is megpbannually to IMO
include :

Inert, geological materials such as mine tailingss (— 7 million tonnes
annually);

Decommissioned vessels of all kinds and sizes &fdvastes (0.05 — 0.1

million tonnes annually)

Water Environment : Likely Impacts

» Impact due to associated and ancillary port acwit

* Breakwaters and land-fills may change current pagteand cause
stagnation of water behind structures

» If municipal or industrial effluents flow into a fo stagnant port water
may further deteriorate.

* Municipal sewage also brings pathogens into thé@®a and may lead to
unacceptable contamination of the harbor.

* In many parts of the globe, sewage flows into theams, seas and gulf
untreated or undertreated.

* For example, 80% of urban sewage discharged istd/Mbditerranean Sea
is untreated.

» Sewage can lead to eutrophication, and ultimateyymnypes of micro-

organism-related human diseases.
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7.9

7.10

Food-chain and Bio-concentration

* Small species at the bottom of the food-chain, saslplanktons in the
ocean absorb the chemicals as they feed.

* The chemicals accumulate in these organisms andreeenuch more
concentrated in their bodies than in the surroumdiater or soil.

* These organisms are eaten by small animals, andaheentration rises
again.

» These animals are in turn eaten by larger aninaald,this leads to even
further increased chemical load in them (some ties=n million times
higher).

* Polar beers, which feed on seals, can have congsdimmnlevels up to
billion times higher than their environment.

* One of the most important contaminants / pollutaats the nets and
plastics, which can be swallowed and caught in mamal’'s (whales,
dolphins, seals, turtles etc.) digestive system.

 There is an accumulation of various toxic matergso. For example,

mercury, dioxin, PCBs, PAHs and even radio-activiestances.

Impact of Oil Pollution
When there is an oil spill on water, spreading irdiaely takes place.
The gaseous and liquid components evaporate.
Some get dissolved in water and even oxidize.
Some undergo bacterial changes and eventually ginkhe bottom by
gravitational action.
Oil kills plants and animals in the estuarine zone.
Oil settles on beaches and kills organisms thattinere.
It also settles on ocean floor and kills benthiot{tam-dwelling) organisms
such as crabs.
Oil poisons algae and disrupts the major food chain
It also coats birds, impairing their flight or regilng the insulative property of
their feathers.
This makes them (birds) more vulnerable to cold.
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7.11

7.12

7.13

Oil endangers fish hatcheries in coastal waterscamdaminates the flesh of

commercially valuable fish.

One of the most significant impact is on MANGROVES

Impact on Air Environment

Emissions of dust and gases during constructiah Gargo
handling

VOC-emissions from liquid cargo handling

Accidental releases of toxic gases, explosionsnefsj odours

and hazardous air-borne emissions.

Sources of Noise-Pollution

Construction activities
Transportation-vehicles
Work-vessels

Cargo-handling equipments

Socio-economic Impacts

Relocation of the local community

Damages to the fishing nets and navigational problto the
fishing community

Cultural traditions of the local community, thegcreational

avenues like
. pleasure-boat-cruising,
. fishery boat operations

Shipping-operations also create several job oppadies

including
. pilotage,
. tug-services,
. bunker and crew services
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7.14

The MORPOL-Convention : An Introduction
The MORPOL convention remains the most importaterimational Treaty
instrument covering the prevention of pollutiondbyps.
It sets out regulations dealing with pollution
o Due to oil-spill;
Due to noxious liquid substances carried in bulk;
By harmful substances carried by sea in packag®a fo

By sewage and garbage; and

o O O O

Due to air pollution from various shipping operaso

The issue of SHIP RECYCLING has also become a grgwoncern, not only
from the environmental point of view but also witgard to the occupational
health and safety of workers in that industry

In May 2007, IMO adopted a new convention on thaaeal of Wrecks that
may present either a hazard to navigation or athoethe marine and coastal
environments, or both

IMO’s Environmental Work in recent years has codeaeremarkably broad
canvas, embracing every thing, from the managemiship’s ballast water
and the removal of shipwrecks from the sea-bedhéoprohibition of certain
toxic substances in ships’ anti-fouling systems.

Other IMO Conventions deal with issues such asgmeness, response and
co-operation in tackling pollution from oil and frohazardous and noxious
substances; the right of states to intervene omitjfeseas to prevent, mitigate
or eliminate danger to their coastlines or relategrests from pollution
following a maritime casualty; and

The safe and environment-friendly recycling of shtpat have reached the
end of their lifetimes.

Furthermore, IMO has also developed a comprehensinge of measures
aimed at ensuring that proper compensation is faithe marine pollution
victims.

IMO is also tackling various issues connected witle protection and
preservation of Marine Biodiversity, such as

o] The transfer of invasive species through ships‘foiding;
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o] Effects of under water noise from ships on livieg sreatures

 Three themes will dominate the Shipping Industrya) Shipyard Over-
Capacity; (b) Energy Costs; and (c) The Environtmen

» Likely Solutions would be : New Technologies, sashDual-Fuel Engines;
Cutting Energy Costs by lowering Speed, Modifyinggsiggn and Using
Multiple Fuel Systems

* Some more technological interventions may alsountel: (a) the use of
liquefied natural gas as a fuel; (b) air lubricatimimed at reducing the
friction between hull and the sea water so as doce the fuel consumption;
(c) application of fuel cell technology as a replament for auxiliary engines

aboard larger ships

7.14.1 International Convention for the Preventionof Pollution from
Ships (MARPOL)
[http://www.imo.org/about/conventions/listofconvemts/pages/intern
ational-convention-for-the-prevention-of-pollutidémm-ships-

(marpol).aspx]

* The International Convention for the PreventionRafllution
from Ships (MARPOL) is the main international contien
covering prevention of pollution of the marine eoviment by
ships from operational or accidental causes.

» The MARPOL Convention was adopted BrNovember 1973
at IMO.

* The Protocol 0fl978 was adopted in response to a spate of
tanker accidents in1976-1977. As the 1973 MARPOL
Conventionhad not yet entered into forcéhe 1978 MARPOL
Protocol absorbed the parent Convention.

» The combined instrument entered into force on et 1983.

* In 1997, a Protocol was adopted to amend the Convention and

a new Annex VI was added which entered into forté®May
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2005. MARPOL has been updated by amendments through the

years.

7.14.1.1 Annex | Regulations for the PreventioRafution by

Oil (entered into force 2 October 1983)

Covers prevention of pollution by oil from operats
measures as well as from accidental discharges;

The 1992 amendments to Annex | made it mandatarydov
oil tankers to have double hulls and brought inhage-in
schedule for existing tankers to fit double hullghich was
subsequently revised in 2001 and 2003.

The Convention includes regulations aimed at priwvgrand
minimizing pollution from ships - both accidentalljtion and
that from routine operations - and currently in€sdsix
technical Annexes. Special Areas with strict cdstron
operational discharges are included in most Annexes

7.14.1.2 Annex Il Regulations for the Control oflét@n by Noxious

Liquid Substances in Bulk (entered into force 2 oDet
1983)

Details the discharge criteria and measures forctivgrol of
pollution by noxious liquid substances carried ulkb some
250 substances were evaluated and included in idte |
appended to the Convention;

The discharge of their residues is allowed onlyrdoeption
facilities until certain concentrations and corah (which
vary with the category of substances) are compiiitial.

In any case, no discharge of residues containingione

substances is permitted within 12 miles of the estdand.
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7.14.1.3 Annex lll Prevention of Pollution by HammnSubstances
Carried by Sea in Packaged Form (entered into fdrckly
1992)

* Contains general requirements for the issuing ofailke
standards on packing, marking, labelling, docunteria
stowage, quantity limitations, exceptions and mgtfons.

* For the purpose of this Annex, “harmful substanca®’ those
substances which are identified as marine pollatant the
International Maritime Dangerous Goods Code (IMDGAE)
or which meet the criteria in the Appendix of Anfdx

7.14.1.4 Annex IV Prevention of Pollution by Sewégen Ships
(entered into force 27 September 2003)

» Contains requirements to control pollution of thea sby
sewage;

* The discharge of sewage into the sea is prohibe&eckpt when
the ship has in operation an approved sewage tesdfohant or
when the ship is discharging decontaminated anchfdded
sewage using an approved system at a distance & than
three nautical miles from the nearest land,;

* sewage which is not decontaminated or disinfectasl tb be
discharged at a distance of more than 12 nautidaisnfrom
the nearest land.

* In July 2011,IMO adopted the most recent amendments to
MARPOL Annex IV which are expected to enter intoct® on
1 January 2013.

 The amendments introduce the Baltic Sea as a $p@@a
under Annex IV and add new discharge requirements f

passenger ships while in a special area
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7.14.1.5 Annex V : Prevention of Pollution by GaybaDisposal
(Came into Force on 31st December 1988)

« It specifies the distances from land in which matermay be
disposed of and subdivides different types of ggeband
marine debris.

« The requirements are much stricter in a numberspkcial
areas" but perhaps the most prominent part of e is the

complete ban of dumping plastic into the ocean.

7.14.1. Annex VI : Prevention of Air Pollution ai@e into Force
on 19 May 2005)

« It introduces requirements to regulate the air ytimh being
emitted by ships, including the emission of ozoegleting
substances, Nitrogen Oxides (NOx), Sulphur Oxidg®x),
Volatile Organic Compounds (VOCs) and shipboard
incineration.

« It also establishes requirements for receptionlifes for
wastes from exhaust gas cleaning systems, incorsydtel oil
quality, for off-shore platforms and drilling rigend for the
establishment of SOx Emission Control Areas (SECAS)
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Chapter 8
Data Analysis

8.1 Introduction
Different activities related to the operation ofrigoand their carbon footprints for

different ports are as follows :

Sr. No. Port-Related Activities

1. Cargo Handling

2. Marine Oil Terminals

3. Dry Dock

4. Storing

5. Operational Vessels

6. Gate Activities

7. Import and Export Processing
8. Container Stuffing and Stripping (De-stuffing)
9. Locomotives

10. Cargo Handling Equipments
11. Container Handling Equipments

So as to identify the activities, which contributeaximum towards environmental
pollution, an analysis (based on the availablermfttion) was carried out in terms of
carbon footprints of different port related adies. They have been depicted in the
ANNEXURE of this chapter. It is evident from theg@phs that for most of the ports,
carbon footprints of vessel related activities amach more than those of other

activities. This means that the focus of environtakemonitoring and management
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plans should be on these operations. This exehahles in identifying the activities
with maximum and minimum contribution to pollutigeneration. Inter alia, it would
help in focusing the environmental managementegras in the appropriate sectors.
The carbon footprint analysis has been carriedanuhe following ports :

. Jurong Port

. Gothenberg Port
. Koper Port

. Los Angeles Port
. Rotterdam Port

. Oslo Port

. Seattle Port
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Chapter 9

Methodology for Data Collection

9.1 General Methodology for Collection of Data andRegulatory

Requirements

Sampling criteria for air quality parameter for smilevels for land, for water, for ecology,
sediment, socio-economic is listedTiables 1 — 8 The parameters for ecological assessment
are given inTable 9 The source characterization for air pollutargiigen inTable 10. The
parameters for health impacts are giveTable 11. The relevant acts and policies and the
standards for various components are givemahle 12-24,the models and data collection
required for air quality assessment are givemable 25, the models available for water
guality assessment are givenTiable 26 evaluation of significant impact is shownTable

27. The criteria for evaluating the species withie thabitat are given iifable 28 The

criteria for evaluating the site and habitat areegiinTable 29

9.2 Sampling criteria for different components isshown in the following table.
Table 1
Air Quality Parameters
Parameter | Type of Specification Frequency | Source
data
collection
Wwind Secondary | Distribution of wind Daily IMD, Pune
direction Primary direction with height, Data
for a minimum of 5 years
Wind speed | Secondary | Distribution of wind speed | Daily IMD, Pune
Primary with height, Data for a
minimum of 5 years
Temperature| Secondary | Temperature distribution Daily IMD, Pune
Primary with height
Data for a minimum of 5
years

9.2




Atmospheric| Secondary | Stability variation with Daily IMD, Pune

stability Primary height
Data for a minimum of 5
years

Rainfall Secondary | Data for a minimum of 5 Daily IMD, Pune
years

Nox Primary Sampling for 3 seasons 24-hr

samples
twice a
week

SO, Primary -Do- -Do- -

SPM Primary -Do- -Do- -

RSPM Primary -Do- -Do- -

CO Primary -Do- -Do- -

HC Primary -Do- -Do- -

Land use Secondary | Land use map of the site is -Do- Metropolitan
required to locate the target Development
receptors Authority

Table 2
Noise Levels
Parameter | Type of Specification Frequency Source
data
collection
Noise Primary To be measured at theOne sample -
levels site at selected each during day
sampling locations and night
Noise Primary To be examined at the Once State
attenuating | Secondary | project site by means Metropolitan
factors of a site visit or by use development
of landuse map Authority
Noise Secondary | Landuse map or site | Latest land use| State
sensitive Primary visit is required to map to be Used Metropolitan
receptors locate the sensitive development
receptor Authority
Wind Secondary Data for 5 years usingDaily IMD, Pune
direction the wind rose diagram
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Table 3

Land Parameters

Parameter Type of data | Specification Source
collection
Land use Secondary Land use maps State Metropolitan
Development Authority
Soil, slope, & Secondary Toposheet Survey of India (SOI
drainage
Characteristics
Topography Secondary Hills, valleys etc Revenueditegent
Terrestrial Ecology | Secondary | Site visit, land use | State Metropolitan
Primary maps Development Authority

Table 4

Water Quality Parameters

Parameter Type of data | Description Frequency Source
collection
Bathymetry Secondary | Depth contours up to -
30m depth
Hydrodynamics 4 Secondary | High tide/ low tide Continuous Ocean
Tides, waves, Primary Maximum and measurement | R&D
currents, significant wave for one month | Institutes,
height Current speed per season DOD
and direction
Physical — pH, | Primary Samples shall be 1 sample each -
salinity, collected for 3 for high tide
temperature, Oil seasons in case of a| and for low
& grease, TSS, comprehensive EIA | tide for each
TDS, turbidity and one season for g season
rapid EIA
Chemical - DO, | Primary - Do- - Do- -
BOD, Nutrients,
Heavy metals
and toxic
compounds
Biological — Primary - Do- - Do- -
Fecal coliforms,
phytoplankton,

zooplankton
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Water demand of Secondary | Total water Latest data PWD, Water
consumption consumption without Supply &
the project Drainage
Board
Water resources| Secondary| Surface or Latest data PWD, Water
Primary groundwater sources Supply &
and rate of supply Drainage
from Each Board
Table 5
Ecological Parameters
Parameter Type of data | Description Source
collection
Mangroves Secondary & Proximity to the project site, | Zoological
Primary area covered, height and Survey of India
density (zSl), DOD
Coral reefs Secondary Proximity to the project sit| ZSI, DOD
and area covered
Endangered speciesSecondary Type of species, proximity toZSl, DOD
/ other critical site
habitats
Fishing, breeding | Secondary Type of species, proximity toZSlI, Fisheries
areas site Survey of India
Table 6
Sediment Quality Parameters
Parameter Type of Description Frequency Source
data
collection
Sediment transport| Secondary | Annual estimates| Weekly Ocean R&D
or littoral Drift Primary Derived from estimates Institutes,
waves data on | for an year DOD
direct field
Measurements
Sediment biology Primary Macro-benthos | 1 sample for
Micro-benthos | each season
Sediment Toxicity | Primary -Do- -Do- -
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Table 7
Socioeconomic Parameters

Parameter

Description

Source

Population (target receptors) Primary

Data forghst 10
years

Revenue departmen

Standard of living (water supply &
sanitation, electricity, roads, educatio
health etc)

Data for the past 10
nyears

Revenue departmen

Commercially valuable materials &
species

Site visit Land use
maps
For past 10 years

Fisheries

Revenue departmen

Table 8
Studies Required for Ecological Assessment and Magament

Sr. | Activity Geographica List of Parameters to be Studied
No. | Domain Water Sediment | Biological Other
Aspects
1. | Ecological Intertidal Temp., pH, Organic Benthos Socio-
restoration and and TDS, TSS, Carbon, (Density & | economic
planning for | Offshore DO, BOD, Heavy diversity), | aspects,
the areas Chlorides, Metals, Phytoplankt| terrestrial
which are Salinity, NO- | Persistent | on (Cell ecology
already N, NOsN, organic count,
degraded PO-P, TP, pollutants | density &
Heavy metals, diversity),
Silicates, Zooplankto
Phenols n (Biomass,
density,
diversity &
%
composition
)
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Sr. | Activity Geographica List of Parameters to be Studied
No. | Domain Water Sediment | Biological Other
Aspects
2. | Coastal & Total area | Access Secondary | Secondary | Socio-
Marine information on| Data Data economics
Environment all the of coastal
parameters zone
listed under 1
from
Secondary
sources
3. | GIS based Total area | Temp., pH, | Organic Benthos
information TDS, TSS, Carbon, (Density &
system DO, BOD, Grain size | Diversity),
Chlorides, compositio | Phytoplankt
Salinity, NG- | n on (Cell
N, NOsN, count,
PO-P, TP, density &
Silicates, diversity),
Phenols Zooplankto
n (Biomass,
density,
diversity &
%
composition
)
4. | Monitoring of | Estuarine | Temp., pH, Organic Benthos Mangroves,
inshore waters zone TDS, TSS, Carbon, (Density & | Fishery
DO, BOD, Grain size, | Diversity),
Chlorides, compositio | Phytoplankt
Salinity, NG- | n on (Cell
N, NOsN, count,
PO-P, TP, density &
Silicates, diversity),
Phenols Zooplankto
n (Biomass,
density,
diversity &
%
composition

)
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Sr. | Activity Geographica List of Parameters to be Studied
No. | Domain Water Sediment | Biological Other
Aspects
5. | Marine Total Area| Temp., pH, | Organic Benthos(De| Mangroves
Environment TDS, TSS, Carbon nsity&
DO, BOD, Diversity),
Chlorides, Phytoplankt
Salinity, NG- on (Cell
N, NOsN, count,
PO-P, TP, density &
Silicates, diversity),Z
Phenols ooplankton
(Biomass,
density,
diversity &
%
composition
)
6. | Mangroves Estuarine Salinity Existing Fish
Zone and grain | mangroves | breeding
size along the | areas
distribution | coastal
areas.
Diversity
and density
7. | Ecology of the Intertidal Temp., pH, Organic Benthos Intertidal
inter-tidal area TSS, DO, Carbon (Density data of flora
zone BOD, and and fauna,
Chlorides, Diversity) | socio-
Salinity, NOG- Chlorophyll | economic
N, NOsN, , aspects
PO:-P, TP, Pheophytin,
Silicates, PHC Phytoplankt
(fresh primary on (Cell
data and count,
secondary data density &
for previous diversity),
years if Zooplankto
available n (Biomass,
should be density,
collected) diversity &
%
composition

)
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Sr. | Activity Geographica List of Parameters to be Studied
No. | Domain Water Sediment | Biological Other
Aspects
8. | Industrial Estuary and Temp., pH, Organic Benthic
pollution Coastal TSS, DO, carbon flora, fauna,
areas BOD, estuarine
Chlorides, zone and
Salinity, NO- the coastal
N, NOsN, area,
PO-P, TP, bacterial
Silicates, PHC quality and
(fresh primary diversity.
data and Gene pool
secondary data can be
for previous established.
years if
available
should be
collected)
Table 9
Air Pollution source characteristics
Activity Geometr | Source type| Location of | Pollutant type
y source
of source
Site clearing Area Continuous Ground| SPM and RPM
level
Soil excavation/Quarrying Area Continuous Ground | SPM and RPM
level
Transportation of raw Line Continuous Ground | NOx, CO, HC, Pb,
materials level RPM, and SPM
Construction activities Area Continuoys Ground SPM and RPM
level
Laying of Area Continuous Ground | NOx, CO, HC Pb
roads/railway/Crane level SPM & RPM
tracks
Vehicular traffic during Line Continuous Ground | Nox, CO, HC Pb
operation level and SPM and RPM
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Storage of dry cargo Area Continuous/ Ground | SPM and RPM
Instantaneoy ~ 1evel
S
Loading and unloading of  Point Instantaneouy  Ground | SPM and RPM
dry cargo S level
Storage of liquid cargo Area Instantangou Ground | Depends on
s/Continuou level properties of liquid
S
Loading and unloading of  Point Instantaneou Ground | Depends on
liquid cargo S level properties of liquid
Pipeline operations Point/Areénstantaneou  Ground | Depends on
s/Continuou level properties of liquid
s
Ship/Barge emissions Point Continuoys GroundNOx, CO, HC, Pb
level and SPM and RPM
Respirable Particulate Matter - RPM
Suspended Particulate Matter - SPM
Table 10

Health Impacts

Parameter
Affected

Cause

Effect

Type of
Impact

Human health

Air attributes

Increased mortality & morbidity

in exposed population

Human health

Particulate matter

Aggravates bronchitis, Respiratory

diseases, emphysema,

Cardio-vascular diseases, eye

Long-term

irritation
Vegetation Sulphur oxides Chronic plant injury, excessive
Hydrocarbons leaf dropping, reduced
Productivity in plants & trees
Materials Nitrogen oxides Soils clothes & structure

Lead

Deterioration, corrosion of steel &

other metal structures

Risk to humans

5 Carbon monoxide

Visibility problems, increased

accidents

Photo-chemical
Oxidants

Human Health

Noise attributes

Increased tension and fatigue

Long -term
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Human Health | Physiological Increased pulse and respiration

effects rates

Human Health| Psychological Dizziness and loss of balance
effects

Human Health| Communicating | Anger, irritation and nervousness
effects Partial hearing loss Sleep loss

Degradation/effect on structures
Detrimental effects on worker

performance
Health Water attributes Coating of free oil on algae and
plankton causing destruction
Water quantity Interference with re-aeration and
photosynthesis
Aquatic life Suspended solids | Water soluble fractions of ol
likely to cause direct toxic action
Aesthetics DO Destruction of benthic organisms
Oil Direct deleterious effect on fish | Long -term

due to coating on gills and
blanketing bottom organisms by
suspended solids

Socio- Dissolved solids | Interference with fish spawning
economics Nutrients areas and loss of fish production
Socio- Faecal coliform Reduced recreational and
economics economic benefits

Table 11

Relevant Acts/Policies/Guidelines

Sr. | Relevant Act of Enforcement Applicability

No. | Provision Agency
Environment MoEF, SPCB Framework legislation giving
(Protection) power to other environmental
Act .1986 Rules and Notification including

those for EIA (existing) and CRZ
EIA notification, MoEF, (State Getting environmental clearance
2006 from MoEF Environmental
Impact Agency)

Siting for Industrial | SPCB, MoEF For siting of industries based on the
Projects Rules, 1999 criteria given in the document
CRZ naotification State Forest Zoning regulation for areas adjoining t
1991 Department, MoEF | the coast and estuaries
(as amended)
Forest (Conservation) State Forest Control over using of forest land
Act, 1980 (as Department, (including mangroves) for other
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amended)

purposes

D
>
—

of

6. | Environment Environment Appeal by public as far as siting of
Appellate Authority | Appellate Authority | project is concerned
Act, 1997

6. | Air Act, 1981 SPCB Consent to Establish (CTE and Cons
(as amended) to Operate (CTO) with respect to air

emissions from port operations)
7. | Water Act,1974 SPCB CTE and CTO with respect to
wastewater discharges

8. | Hazardous Waste SPCB, MoEF Management, handling and transport
(Management and hazardous wastes
Handling Rules),
1989
(as amended)

9. | Manufacture, Storage SPCB, MoEF Manufacture, Storage and Import of
and import of Hazardous Chemicals
hazardous Chemical
Rules, 1989
(as amended)

10. | Land Acquisition Act| Revenue Departmercquisition of land

11. | Public Liability MoEF Application for claim and relief
Insurance Act and
Rules, 1991
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Table 12
National Ambient Air Quality Standards (NAAQS)

Pollutants Time Concentration in ambient air Method of
weighted | Industri | Residential| Sensitive | measurement
average | al Areas Areas Areas
Sulphur Annual 80ug/m® | 60ug/m® | 15ug/m® | Improved West and
Dioxide Average Gaeke Method
(SOy) 3 3 Ultraviolet
24 hours 1203 80 ug/m 30ug/m Fluorescence
Hg/m
Oxides of | Annual 80pg/m® | 60pg/m® | 15pug/m® | Jacob &Hochheiser
Nitrogen as | Average Modified (Na-Arsenite)
NO; 24 hours 120 8oug/m® | 30ug/m® | method Gas Phase
ug/m? Chemiluminescence
Suspended | Annual 360 140pg/m® | 70pg/m?® High Volume
particulate | Average pg/m’ Sampling.
Matter fl te not
24hours | 500 | 200pg/m® | 100pg/m® | (Average flow ra
(SPM) 3 Ho/m HOM | ess than 1.1
pg/m .
/minute)
Respirable | Annual 120 60 pg/m’ 50 pg/m’ Respirable particulate
particulate | Average ug/m’ Matter sampler
matter 3 3
(RPM) (size 24 hours 1530ug/ 100pg/m 75ug/m
<104) "
Lead (Pb) | Annual 1.0pg/ | 0.75pg/ m® | 0.50pg/ m® | ASS Method after
Average m° sampling using EPM
24 hours 15ug/ | 1.00pg/ n | 0.75ug/ m? | 2000
me or eqgivalent Filter
paper
Ammonia | Annual 0.1 0.1 mg/mt | 0.1 mg/m | Colorimetric method
(NHs) Average mg/nt
24 hours 0.4 0.4 mg/m | 0.4 mg/ni
mg/nt
Carbon 8 hours 5.0 2.0mg/mt | 1.0 mg/mi | Non Dispersive Infra
Monoxide mg/nt Red
(CO) (NDIR) Spectroscopy

Note: Pollutants reviewed by WHO but for which nodglines were set, because of the lack
of reliable evidence or evidence of a ‘safe’ leiretluded particulate matter, 1,3 butadine,

PCBs, PCDFs, fluoride and platinum.
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Table 13
Air Quality Guideline Values by World Health Organation

Pollutant Value Average time
Carbon monoxide 100 mgfm 15 min.

60 mg/n? 30 min.

30 mg/ni 1h

10 mg/ni 8h
Ozone 120ug/ nt* 8h
Benzene 6 X10° (ug/ ) * UR (Unit Risk) / lifetime
Dichloromethane 3 mg/in 24 h
Formaldehyde 0.1 mg/fm 30 min.
PAH™ 8.7 X 10° (ng. / m) * 1 wk
Styrene 0.26 mg/M UR/lifetime
Tetrachloroethylene 0.25 mgim Annual
Toluene 0.26 mg/th 1wk
Trichloroethylene 4.3 X 107(ug/ n) * UR!/ lifetime
Arsenic 1.5 X 10°(ug/ m) * UR/ lifetime
Cadmium 5ng. / Annual
Chromium 0.04@g/ n) * UR!/ lifetime
Lead 0.5ug/ n° Annual
Manganese 0.15ug/ nt* Annual
Mercury 1.0pg/ n? Annual
Nickel 3.8 ug/ ) * UR!/ lifetime

* Benzene is carcinogenic to humans, and no safel leffeexposure can be
recommended. For general guidance, the concenmtsatiaf airborne benzene

-4 -5 -6

associated with an excess lifetime risk of leukaeafil0 , 10 and 10 are 17, 1.7
3 4
and 0.17ug/m , respectively.
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UR=excess risk of dy
6 people in a populat
pg/ mt ; for PAHs, 8

ing from cancer following lifae exposure. Thus for benzene,
ion of 1 million will die agesult of a lifetime exposure of 1
7 people in a population of 1 milliovill die from cancer

following lifetime exposure to 1 ng/im Specifically benzo[a]pyrene

Note: Pollutants reviewed by WHO but for which nodglines were set, because of the lack
of reliable evidence or evidence of a ‘safe’ leiretluded particulate matter, 1,3 butadine,

PCBs, PCDFs, fluoride
and platinum.

Key Air Pol

Table 14
lutants and their Anthropogenic Sources

Pollutant

Anthropogenic sources

Sulphur Dioxide (S

Coal and oil-fired power stations, industrial lbos, waste
incinerators, domestic heating, diesel vehicledatremelters
paper manufacturing

Particulars

1%

Coal and oil-fired power stations, usidial boilers, wasts
incinerators, domestic heating, diesel vehicleg)straction
mining, quarrying, cement manufacturing

Nitrogen ox0ide (NOx, NO,
NO,)

Coal, oil and ga$iwed stations industrial boilers, was
incinerators, motor vehicles

Carbon monoxide (CO)

Motor vehicles, fuel-combustion

Volatile organic compound
(VOCs) e.g. benzene

sPetrol-engine vehicle exhausts, leakage at petratioss,
paint manufacturing

Toxic organic micro4 Waste incinerators, coke production, coal combuastio

pollutants (TOMPs) e.g.

PAHSs, PCBs, dioxins

Toxic metals, e.g. lead\Vehicle exhausts (leaded petrol), metal processimgste

cadmium incinerators, oil and coal combustion, battery nfacturing,
cement and fertilizer production

Toxic chemicals, e.d.Chemical plants, metal processing, fertilizer mawturing

chlorine, ammonia, fluoride

Greenhouse  gases, €.dCO,): fuel combustion, especially power stations;
carbon  dioxide  (C€), | (CH,): coal mining, gas leakages, landfill sites
methane (Ch)

Ozone (Q) Secondary pollutant formed from VOCs and nitroggites

lonizing radiation
(radionuclides)

Nuclear reactors and waste storage, some mediuhiiés
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Odours

manufacturing,
factories and tanneries

pulp and paper

Sewage treatment works, landfills sitespiba plants, oll
refineries, food processing paintworks, brickwork&stics
mills,distilleriegeke

Table 15
National Ambient Noise Quality Standard

Category of Area Limit idB(A)

Day time Night time
Industrial Area 75 70
Commercial Area 65 55
Residential Area 55 45
Silence Zone 50 40

Day time is reckoned between 6 am to 10 pm; Nighe tis reckoned between 10 pm to 6
am; Silence zone is defined as areas, which are rhO@round such premises as

Zzones are

hospitals, educational institutions and courts. Tislence
declared by the competent authority.
Table 16
Noise Standards for Continuous Exposure (CPCB)
Exposure time Sound pressure Level (dB(A))
8 90
6 92
4 95
3 97
2 100
1.5 102
1 105
0.5 107
0.25 and less 115
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Table 17

Water Quality Criteria for Irrigation (CPCB)

Parameters Acceptable Relaxation for Note
special Planned
cases

Faecal coliform < 5000 - No limit for in-edible
irrigation crops

pH 6.0-9.0 - -

Absorption Ratio <26 - SAR beyond 26 may
causes salinity and sodicity
in the soil

Total heavy <0.5 <5.0 -

metals. mg/lit

Boron, mg/lit <2 - Boron is essential nutrient

BOD, mgl/lit 00 - Land can absorb organic
matter faster than water,
however the conditions of
water logging should bg
avoided

Floating matter Absent - Inhibit water percolation

Conductivity, <2250 <4000 More conductivity may

mili mho/cm reduce yield of crops and
vegetative growth. It may
also increase soil salinity
and affects its fertility

Table 18

Recommended Methods of Monitoring and Analysis foWarious Parameters

Attributes

Measurement Technique

Meteorological parameters Mechanical
Automatic Weather Station Wind spesg
Wind direction, Ambient temperature, So
radiation

ovlechanical or Automatic
ad,
ar

Air Pollutants

e Suspended Particulate Matter
(Particulate size Obto 10Qu)

* High volume sampler (Gravimetric)

» High volume sampler with cyclone
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* Respirable Particulate Matter (<10
* Sulphur dioxide (0.005 to 5 ppm)

* Oxides of nitrogen

» Carbon monoxide

+ Hydrogen sulphide (20 to 7p6/nT)
«  Ammonia (0.3 to 60Qug/m°)

e Hydrocarbon

* Fluoride

e Lead

(gravimetric)

West and Gaeke Method
(Spectrophotometric)

Modified Hocheiser Method
(Spectrophotometric)

Non Dispersive Infra Red Technique

Methylene Blue Method
(Spectrophotometric)

Nesslers Method (Spectrophotomettic)

Gas Chromatography or Infra Red
Analyser

SPADNS Method
(Spectrophotometric)

Collected over EPM 2000 filter and
analyzed by AAS

Noise

Sound level Meter

Water and Wastewater

Standard Methods for Exanoimabf

Water and Wastewater Analysis by
APHA

Soil

Reference book by M.L. Jackson
Reference book by C.A. Black

Solid Waste

Vogel's
Chemical Analysis

Textbook of Quantitative

Biological Environment

Standard Methods for Exartiora of
Water and Wastewater Analysis Dby
APHA Secondary data from Govt. offices
and published Literature Flora : Sample
plot method, Transects and line intercepts
method, Plot less sampling method

Socio-economic Environment

Secondary data from usnsecords

Statistical handbook, Toposheet, Health
records available with government
agencies

Topography and Landuse

Digital Analysis Techniques

Toposheet of Survey of Irdid / or
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Table 19

Landuse / Land Cover Classification System

(e

Sr. | Level-l Level-Il

No.

1. Built-up Land 1.1 Built-up land
1.2 Road
1.3 Railway

2. Agricultural land 21 Cropland
2.2  Fallow (Residual)
3.1  Evergreen/Scrub land
3.2  Deciduous forest
3.3 Degraded Scrub land
3.4  Forest blank
3.5 Forest plantation
3.6 Mangrove
3.7 Cropland in forest

4. Wasteland 4.1 Salt affected land
4.2 Waterlogged land
4.3 Marsh / Swampy land
4.4  Gullied / Ravinous land
4.5  Land with or without scru
4.6  Sandy area (coastal and
des)
4.7  Barren rocky / stony was
/sheetrock area

5. Water bodies 5.1 River/Stream
5.2  Lake/ Reservoir
5.3 Tank/Canal
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6. Others 6.1  Grassland/ grazing land

6.2  Shifting cultivation

6.3 Snow cover/ Glacial area

Table 20
References for facilitating field studies
Topics Key references
Vegetation labs.bio.unc.edu/Peet/courses/bio669/papers/DeMamte
ecology
Ecological www.wiltshire.gov.uk/.../writingcologicalsurveyslanning.htm
surveys
Vegetation www.tidalmarshmonitoring.org/.../USGS-WEREgetation Transects-a;
classification | www.epa.nsw.gov.au/resources/forestagreemesgstationsurveydf
Wildlife bexar-tx.tamu.edu/files/2011/14ildlife-SurveyMethodsHeilbrun.pdf;
surveys www.tws-west.org/transactions/Raphael%20Barrett.pdf
methods
Wildlife census| www.tandfonline.com/doi/pdf/10.1080/01621459.193502323;
techniques https://www.panthera.org/.Wildlife FieldResearchandConservationTrain..
Identification guides
Animal
Mammals Prater, S.H. 1980. The Book of Indian Animals. Bal Bombay Natural
History Society, Bombay, 428 pp.
Birds https://books.google.co.in/books?isbn=1462914853
Reptiles http://www.amazon.com/The-Book-Indian-Rept
Amphibians/dp/0195660994
Amphibians indiabiodiversity.org/biodiv/content/documents/da@nt.../381.pdf
Fishes http://fsi.gov.in/LATEST-WB-SITE/fsi-pub-friitm
Insects ces.iisc.ernet.in/hpg/envis/cesinseLZ.html
Butterfies www.ajcb.in/journals/full.../AJCB-Vol3-No1-Sethy%#8»20al. pdf
Plants
Vascular plants| https://books.google.co.in/books?isbn=0521414210
Pterdophytes | tai2.ntu.edu.tw/Taiwania/pdf/tai.2000.45.1.38.pdf
Gymnosperms nsdl.niscair.res.in/..Gymnosperm%201%20-
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%20General%20Features%...
Bryophytes tnenvis.nic.in/tnenvis_old/imag8&s¥ophyte Database.pdf;
people.exeter.ac.uk/rwfm201/cbbia/downloads/. aAsidance-pt3.pdf
Algae ir.nmu.org.ua/bitstream/.../a2e5daa96084daldeb74e48@4064d.pdf?...1
Fungi people.exeter.ac.uk/rwfm201/cbbia/downloads/. aAysiidance-pt3.pdf
Conservation
Status
Animals IUCN Red List of THREATENED Animals (1996)
Plants IUCN Red Data Book for Plants (Nayar andrd987)
General EA adb.org/sites/default/files/putd97eia-developing-countrieasia pdf
guide for Asia
Overview of https://wwwiaia.org/publicdocument&lA/.../Vol1_EIA _Manual.pdf
EIA methods

Source: Roads, Sensitive Habitats and Wildlife viEbmmental Guidelines for India and
South Asia by Dr. Asha Rajvanshi et.al, 2001

Table 2

1

Techniques for baseline Data Collection for Biologial Environment

Parameters Methods Remarks
Floristic Simple checklists of plant | Use of classification system of forests
inventory and names and references of locgrovided by Champion and Seth
description of and regional flora can be (1968) can be useful in developing
major plant useful. Plant checklists are | ecological understanding of plant
communities also the major data sources| communities in the study area

for community description
Habitat “Two step’ method and This method is suitable in some
assessment circular plot and frame situations
Estimation of method
ground cover
Vegetation and | Remote sensing and GIS | The degree of details of information
habitat mapping | techniques on the maps depends upon the precise

objective of study

Estimation of Direct method -
animal
abundance
Large and Direct method include direct  Fairly releaand most commonly
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medium bodied | sighting used methods for estimating density
species and abundance

Primates Scan and focal sampling The methods cafféeive if the
population being studied is not very,
disturbed by human presence whick
might “freeze’ them

-

Reptiles and Spotlight counts and pitfall | Parameters such as time and locatipn
amphibians traps of sighting, weather condition, moon
stage and water level could influenge
the survey results.

Birds Belt transects, mist nets andLocation of transects (example along
territory mapping roads and disturbed areas) can
influence sampling. Mist nets are
generally useful for birds of the under
storey (up to 3 meters above ground).
Territory mapping depends on
locating singing males in the area and
is therefore limiting to use during th
breeding seasons

D

Large and Counts of pellets/scats, The method poses some difficulties|in
medium size quills, prints, claw mark, using pellet counts for estimating
species other surface markings abundance of species with closely
(scrape marks, debarking | resembling pellet e.g. chital and
signs) and dens, burrows analomestic goat pellet look alike and
nests pose problems of estimating species
abundance.
Birds Calls Fairly reliable method of
identification of species and their
abundance

Sources: W.A.Rodgers (1991), Techniques for viddCensus in India — A field Manual,
Wildlife Institute of India, Dehradun and Sale J&hd K. Berkmuller (1988),
Manual of Wildlife Techniques for India, Field Daoent No. 11, Wildlife
Institute of India, Dehradun.
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Table 22
Socio-economic Impacts

Impact Area

Potential Changes

General characteristics and trends in
population of region

Increase or decrease in population

Migration trends in study area

Increase or decrgmsggration trends

Population characteristics in study area
including distribution by age, ethnic
groups, educational level and family si;

1,Increase or decrease in various population

e

distribution, people relocations

Distinct settlement of ethnic groups or
deprived economic/minority groups

Disruption settlement patterns, people
relocations

Economic history for the region

Changes in ecormqgpaiterns

Employment pattern in study area,
including occupational distribution and
location and availability of work force

Increase or decrease in overall employmer
or unemployment levels and change in
occupational distribution

it

Income level and trends for study area

Increask=orease in income levels

Land values in study area

Increase or decreasmthvalues

Housing characteristics in study area,
including types of housing and
occupancy levels

Changes in types of housing and occupanc

levels

y

Health and social services in study are
including health, workforce, law
enforcement, fire protection, water
supply, wastewater treatment facilities,
solid waste collection and disposal and
utilities

aChanges in demand on health and social
services

Public and private educational resourc
in study area

e€hanges in demand on educational resour|

ces

Transportation systems in study area,
including highway, rail, air and
waterway

Changes in demand on transportation syst

ems

Community cohesion, including
organized community groups

Disruption of cohesion

Tourism and recreational opportunities
study area

imcrease or decrease in tourism and
recreational potential

Religious patterns and characteristics i
study area

nDisruption of religious patterns and
characteristics
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Area of unique significance such as

cemeteries or religious camps

Disruption of unique areas

Change due to reservoir

Protection or danger filoodf

Income levels

Increased income levels througlcatjtire
or through other means

Table 23

Models and Data Requirements for Air Quality Assessent

» General information (ISCST3, AERMOD, FDM, CALINE4)
» Model Equations

> Dataon

» Case Study

ISCST3
FDM

Sources (P, A, L, V)
Receptors

Meteorology (Surface/Upper air)
Deposition

Air Quality Models — General Information

MODEL ISCST3 AERMOD FDM CALINE4
Sources Point, Area, Point, Area, Point, Area, Line
Volume, Line, Volume, Line Volume, Line
Open Pit
Pollutants S@ SPM, NOx | SO,, SPM, NOx | Particulate CO and NQ
and other and other matter
pollutants pollutants
Concentrationy Concentration Concentration Concentration  Concaatra
Deposition Dry deposition, | Not Yet Ready Dry deposition Dry
Wet deposition, deposition
Dry gas deposition
Receptor Cartesian Polar Cartesian Polar  Cartesian | Cartesian
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Surface Meteorological Data Needs

ISCST3 AERMOD FDM CALINE4
(m/s) SHF (W m-2) WS (m/s) WS (m/s)
WD (deg) | u* (ms-1) WD (deg) WD (deg)
T (K) w* (m s-1) AS (1-6) AS (1-6)
AS (1-6) | do/dz MH (m) MH (m)
MHR (m) | hc (m) & hm (m) T (K) Wwind
MHU (m) | L (m) direction

z0 (m) standard

Bowen ratio deviation

Albedo (deq)

WS (ms-1) Ambient

WD (deg) concentration

Zag (m) (Ppm)

T (K)

zat (m)

Ppt code

Ppt amount (mm)

RH (%)

Ps (mb) & CC

(tenths)

Note : The selections of appropriate model dependste-specific conditions.

Table 24
Water Quality Models

Mike Series Mike 21, Mike HD, Mike SHE, Mike 3, Mike Ecolab;
Dam Break Model; CORMIX; WASP; HEC — 5Q

Note : The selections of particular models depgmah the site specific condition.
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Table 25

Evaluating the significance of an ecological impact

Criteria

Remarks

Habitat quality

The impact will be more significanf ecologically
important habitats are affected.

Species

The impact will be more significant if exptally
important species are affected.

Size/Abundance

The importance will be greater ijéa habitat or greater
numbers of organisms are affected

Duration

Long term impacts are usually more sigatfit than short
term

Reversibility

Permanent and irreversible impact® arsually more
significant than temporary and reversible ones.

Magnitude

Usually the greater the magnitude ofeimaronmental
changes (e.g. increase in pollution loads, decreasad
supply), the more significant is the impact

Table 26
Evaluating species found within a site/habitat

Criteria

Remarks

Protection status

Species listed by MoEF, ZSI, B&hd internationa|
conventions for conservation of wildlife shall biwen special

attention

Distribution Species with restricted distributidngally or regionally) will
be rated higher than those more widespread ones

Rarity Normally rarer the species the more valueas. Care should

also be exercised in assessing exotic weeds, eappecies
and introduced species which have lower value.
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Table 27
Evaluating the site / habitat

Criteria

Remarks

Naturalness

Truly natural habitats (i.e. not miedifoy man) are usually high
valued.

y

=

Size In general, larger habitat-area shall be mrateable than smalle
ones.

Diversity The more diverse the species assemblagdscommunities of
site, the higher is its conservation value.

Rarity Rarity can apply to habitats as well as smsecThe presence of of

or more rare habitats and species will give a lsigdner value thar
those without rarity

ne

Re-creatability

Habitats, which are difficult to beecreated naturally or artificially
are usually valued higher.

Fragmentation

In general, the more fragmented aibés lower value.

Ecological linkage

The value of a habitat increai$ét lies in close proximity and / @
links functionally to a highly valued habitat ofyatype.

=

Potential value

Certain sites, through appropmiaé@magement or natural process
may eventually develop a nature conservation istesgbstantially
greater than that existing at present.

es,

Nursery / breeding ground

Such areas are very itapoffor the regeneration and long-te
survival of many organisms and their populations.

Age

Ancient natural or semi-natural habitats aremasly highly valued.
For some habitats such as woodlands, older onemammally
valued much higher than recent ones.

Abundance / Richness of
wildlife

In general, sites supporting more wildlife will keged higher.
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Chapter 10

Emissions, Monitoring and
Sampling

10.1 Introduction

Environmental monitoring can be defined as theesyatic sampling of air, water,
soil, and biota in order to observe and study tmgrenment, as well as to derive
knowledge from this process. Monitoring can be duarted for a number of
purposes (Mitchell, 2002; Artiolet al, 2004; Wiersma, 2004), viz.

» to establish environmental baselines, trends, antuative effects,
» totest environmental modeling results,

* to educate the public about environmental condstion

» toinform policy design and decision-making,

» to ensure compliance with environmental regulations

» to assessthe effects of anthropogenic influenaes,

* to construct an inventory of natural resources.

Environmental monitoring programs can vary sigmaifity in the scale of their
spatial and temporal boundaries. They can also signjificantly in scope, ranging
from community- based monitoring on a local scaébe]arge-scale collaborative
global monitoring programs such as those focused cbmate change. It
(Environmental monitoring), inter alia, can be doated by various public and
private organizations, concerned individuals, nomeggnmental environmental
organizations, and government agencies (Conrad &uBta 2008; Lovetet al,
2007).
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In order for monitoring activities to be effectimad to deliver high quality data, it is
important to identify focused, relevant, and adaptjuestions that can be used to
guide the development of a monitoring plan. Thecessful management of an
efficient monitoring program can often times be hiyg challenging. Other
fundamental components of effective monitoring paogs include : application of
quality assurance and quality control measuresndutie data collection process,
data storage and access, and the consultationpefierced statisticians during the
sampling design process (Lindenmayer & Likens; dtbet al.,, 2007; McDonald,
2003; Wiersma, 2004).

10.2 Different Components of Environmental Monitorng
Earth System can be subdivided into the followimgnponents (De Blijet al.,
2005) :

» the atmosphere,

» the hydrosphere,

» thebiosphere,

* the lithosphere, and

» the cryosphere.
Environmental monitoring can be conducted on biatid abiotic components of
any of these spheres, and can be helpful in datebaseline patterns and patterns
of change in thenter and intra process relationships between and within these
spheres. The interrelated processes that occurebatwhe five spheres are
characterized as physical, chemical, and biologicatesses. The sampling of air,
water, and soil through environmental monitoring paoduce data that can be used
to understand the state and composition of theremwient and its processes
(Artiola et al,, 2004; Wiersma, 2004).

Environmental monitoring uses a variety of equiptaeand techniques depending
on the focus of the monitoring. For example, swfaater quality monitoring can be
measured using remotely deployed instruments, hedddim-situ instruments, or

through the application of bio-monitoring in assegshe benthic macro invertebrate

community (CBEMN, 2010). In addition the techniquasd instruments that are
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used during field work, remote sensing and satelltagery can also be used to
monitor larger scale parameters such as air potiytlumes or global sea surface
temperatures (Mitchell, 2002; Artio& al., 2004).

Moreover, now there is a global recognition thatvieonmental issues are best
handled with the participation of all concernedzeihs”, a principle first articulated
in the United Nation’s Earth Summit Agenda 21 (UI92). This principle was
strengthened further in July, 2009, with the formafification of the Aarhus
Convention which mandates participation by the jgublenvironmental decision-
making and access to justice in environmental maldNECE, 2008). Different
countries have different ways of doing environméntnonitoring and the
following section presents an overview of the mdtilogies adopted by them in

the area of environmental monitoring and management

10.2.a Canada

In Canada, environmental monitoring on the natidea¢l is conducted by federal
departments such as the Department of FisheriesOaedns, Natural Resources,
Environment Canada, and Parks Canada. On the pralvilevel, monitoring is
conducted by parallel provincial government ageciéhe Ecological Monitoring
and Assessment Network (EMAN) was established B¥1f order to monitor and
report on ecosystem changes at a national levelif&@ment Canada, 2010). This
national network is capable of facilitating the wah coordination of monitoring
initiatives from all government agencies, and afviding comprehensive data to
aid in effective, adaptive setting of policies gmobrities (Vaugharet al, 2001). In
2008, EMAN was “reorganized within the Wildlife andandscape Science

Directorate” (Environment Canada, 2010).

EMAN significantly enhanced national conservatiom asustainability initiatives
through comprehensive data collection and the pialeior well informed decision-
making (Vaugharet al, 2001). An important component of EMAN’s researsh
that it has the standardized monitoring protocoiat thave been developed for

marine, freshwater, and terrestrial ecosystemsi(@mwent Canada, 2010). These
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protocols are available in the Ecological Monitgrisection of Environment

Canada’s website (Environment Canada, 2010).

10.2 b United States

In the United States, environmental monitoring isnducted by government
agencies organized in an administrative structureilag to that of Canada.
Monitoring is undertaken by relevant state and if@ldéepartments, such as natural
resource and environmental protection agenciesiolartet al, 2004). The
Environmental Monitoring and Assessment Program APMwas established by
the national Environmental Protection Agency in Q98 order to assess and
monitor the trends and status of national ecoldgresources (Stevens, 1994;
USEPA 2010). Similar to EMAN in Canada, the EMARgnam was intended to
coordinate information sharing between all goverminagencies that are involved in

conducting the monitoring of natural resourcesi@hatet al, 2004).

At local level, the Charles River Watershed Asstamnm(CWRA) in Massachusetts
has established formal linkages with governmemtrder to provide comprehensive
data that is used by the Massachusetts Departmidfiivaronmental Protection in
the decision-making process (CRWA, 2008). The CWRa#s been conducting
water quality monitoring on the Charles River sid®®5, and the data set that has
been compiled will assist managers in addressingfioé pollution-loads present in
the river (CRWA, 2008). Quality assurance and duatontrol measures have
standardized the data collection process, and fiuiktated the compilation of an
extensive, credible data set that would otherwesbdyond the reach of government

resources alone.

10.2 ¢ Sweden

The Swedish Environmental Protection Agency’'s (SERvational monitoring
program is a comprehensive, ongoing, national mang program that facilitates
knowledgeable state of the environment reporting) #ae nationwide protection of
natural resources and the environment (SEPA, 20I0¢. SEPA has compiled
valuable observation series that span the longeséstale of any existing

observation series in the world, and the agencyiges national coordination of
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monitoring initiatives in order to maximize the ieiéncy of monitoring programs
across the country (SEPA, 2010).

Monitoring data collected by national and municigavernment agencies, private
industry consultants monitoring for regulatory cdiapce, and non-governmental
organizations is all vetted through SEPA to ensrality and accuracy and is used
to provide a comprehensive national data set tloatldvbe otherwise unfeasible to
achieve through government resources alone (SEBAQ)2 Detailed monitoring
guidance criteria and regulation are provided by&HEo ensure consistency and
guality assurance and quality control of data obdld by different agencies and
organizations (SEPA, 2010).

An additional strength of this program is that degdaords have been consistently
maintained and are readily available through therky's website (SEPA, 2010).
The national monitoring program has been dividdd ten programme areas, each
containing sub-programmes, in order to provide mm@hensive description and
inventory of the state of the Swedish environmeS8ERA, 2010). The ten
programme areas include air, mountain areas, &ragricultural land, landscapes,
wetlands, freshwater, seas and coastal areas, hfrellted environmental
monitoring, and toxic substances coordination (SERP®L0). Highly coordinated,
national environmental monitoring is essential ides to maximize the efficiency of
monitoring that is being conducted in separate gowent departments. National
coordination can help to ensure that all areasootern are being monitored and
that there is no duplication of costly data col@ctby different departments. This
type of national monitoring initiative presents @gital approach to addressing
global environmental change that is occurring atiaprecedented rate and on an

unprecedented scale.

10.2 d Global-Scale Monitoring Initiatives

There are several global-scale organizations tleatesponsible for the collection
and distribution of environmental data internatibngArtiola et al, 2004). For

example, there are multiple programs operated by lthmited Nations that

participate in global environmental monitoring sittes, such as the World
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Meteorological Organization (WMO), the Global Atrpbgre Watch, and the
World Conservation Monitoring Centre (Artiokt al, 2004; UNEP, 2011). The
WMO, the World Weather Watch, and the World He&Mtyanization collectively
manage the Global Environment Monitoring System NS, which is responsible
for monitoring and reporting on the “global statenater, air, climate, atmosphere,
and food contamination” (Artiolat al, 2004). Through the administration of these
programs, the United Nations is providing a valeabkechanism for data collection
and dissemination on a global scale, making it iptessgo address global scale

issues such as water security and climate chang®g52011).

Monitoring programs usually cost much little in goanison to the resources that can
be protected and the policy design that can bernméd (Lovettet al, 2007).
Successes and failures of monitoring programs een thoroughly analyzed by
the scientific community, and practical solutionsr faddressing the standard
challenges of monitoring programs are readily labée in scientific literature
(Lindenmayer & Likens, 2009; Lovett al., 2007).

In order to achieve valuable results from environtaemonitoring activities, it is
necessary to adhere to sampling processes thasuggorted by the traditional
scientific method (Artioleet al, 2004), and any effective monitoring program must
include focused and relevant questions, approprigearch designs, high quality
data collection and management, and careful amalgsd interpretation of the
results (Lovetet al, 2007).

Long-term monitoring programs are often faced by ¢hallenge of securing long-
term funding (Lindenmayer & Likens, 2009; Lovett al, 2007). In view of the
increasing frequency and magnitude of environmeistales that are emerging in
this era of globalization, government funding ingtons are encouraged to commit
to meaningful, stable, and long-term funding of maing programs in
acknowledgement of the cost savings associated tvéhprotection of natural
resources and the improved efficiency of policyigieqLovett et al, 2007). In
10.7



order to encourage a greater commitment to mongoon behalf of funding
agencies, management relevancy, as well as theatygquald effectiveness of
monitoring programs, program design should inclad®llaborative effort on behalf
of scientists, statisticians, policy makers, andtured resource managers
(Lindenmayer & Likens, 2009).

Despite various challenges, monitoring remaingygortant tool in the achievement
of major advances in environmental science (Logetl, 2007). One of the most
prominent examples of the significance of environtaemonitoring is in the record
of atmospheric C@concentrations recorded in Mauna Loa, Hawaii by.&eeling
(Lovett et al, 2007; Vaugharet al, 2001). This long-term record has led to an
increased understanding and awareness of glolahteichange, one of the greatest
environmental challenges that has ever been facadman history. The relevance
of environmental monitoring in environmental scierand policy design is well-
established. Environmental monitoring will contintge improve its methodology
through advancements in modern science, and goesinand other funding
institutions should increase meaningful, long-téamding towards the establishment

of effective monitoring programs distributed frohetlocal to global scales.

10.3 Essence of Environmental Monitoring
Following are the essential features of a well glesil and co-ordinated monitoring
program :
 The monitoring program should bdesigned around very clear and
compelling scientific questions.
* The monitoring plan should continuously be reviewaed revised by way of
taking regular feedbacks.
* Quality and consistency of data should be contislyomaintained.
 There should be a well designed plan for long-tedata-accessibility,

interpretation and analysis.

10.4 The Details of Environmental Monitoring

Monitoring implies use of routine measurements tetedt changes in the
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environment or ecosystem-health. It (Monitoring)mainly carried out for assessing
impacts of pollution on ecosystem and human heslths to identify cause and effect
relationship between pollutant concentration arel ithpacts. Through these cause
and effect relationships, one can achieve the el®sanvironmental management
objectives.
It also helpsin :

* Evaluating various pollution interactions and eats

» Assessing the need for legislative controls andssimms of pollutants and to

ensure compliance with emission standards.

The control of environmental hazards depends omnidgf acceptable levels of
exposure. Health risk and the levels of control aneeded to keep
exposure below specified thresholds. For any piste@nvironmental hazard one of
the main principles for monitoring and control 13 identify the critical agents,
pathways and populations at risk. Such consideratguide various methods to be
adopted for monitoring and surveillance. Data clao &e collected from a range of
sources, including :
« Emissions inventories (records of the permittechctual level of emissions
from specified sources);
- Environmental data (measurements of the concemtdf pollutants in the
environment);
« Bio-monitoring data (measurements of specific agemt their metabolic
products in biological samples);
- Routine (surveillance) data;
- Health data & Clinical surveillance (relevant teesific exposed populations),
which might include :
o health care utilization data (hospital admissiomsimary care
consultations);
o infectious disease monitoring data
o births, congenital anomalies and related data;
o cancer registrations;
o mortality statistics;

o epidemiological surveys.
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The cornerstone of the environmental quality olyest is that the authorities are
required periodically to review and assess theetyrand likely future environmental
quality in their areas against national qualitynstards for all the pollutants. Local
measures may include:
- working with relevant authorities responsible foighways and / or
environmental regulation on possible emissionsctoi measures;
« local traffic management schemes, including uséowfemission zones and
congestion charging in some areas where appropriate
« commitment to developing or promoting green plam$ Aor to using cleaner
technologies;

« information dissemination to the public;

10.5 Design of the Monitoring Program

Environmental monitoring is used in the preparatioh environmental impact

assessmentas well as in those circumstances in which huadivities carry a risk

of being affected by the harmful effects. All mamihg strategies and programmes
are often designed to establish the current staftuen environment or to establish
trends in environmental parameters. The resultamohitoring are subsequently
reviewed, analyzed statisticalpnd reported. Therefore, the monitoring programme
should be so designed as to make it amenablepfamopriate and useful analysis
[http : // en.wikipedia.org / wiki / File : WQ_sarinmy_station_USGS_2004.jpg].

Monitoring programmes invariably would, in somayor other, be invasive of the
environment under study except probably the rersetesing. Thus, an extensive and
poorly planned monitoring carries the risk of damgghe environment. This should
be a critical consideration in ecologically senstareas or when monitoring very rare

organisms.

Monitoring the environment may be carried out foruanber of reasons, however the
most important factor when designing such a progmaris to ensure that the samples
obtained provide adequate data for the purpos@detd i.e. the samples should be

representative of conditions prevailing in the eonment at the time and place of
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collection. Not only must the sampling location tarefully chosen but also the

sampling position at the chosen location.

The selection of a specific monitoring site regsiicensideration of four steps.
* ldentify the purpose to be served by monitoring
* ldentify the monitoring site types that will best'ge the purpose
» Identify the general location where the sites stidndl placed

* Finally, identify specific monitoring sites.

A basic problem in the design of a monitoring pemgme is that the reasons for
carrying out monitoring demands different answe&rsatnumber of questions e.g.
number and location of sampling sites, the dumatb the survey, and the time
resolution of sampling will vary depending on theedfic objectives of the study.
Decisions on what to monitor, when and where to itoorand how to monitor are
often made much easier once the purpose of mamgtasi clearly defined. It is most
important that the first step in the design of anitaring programme should be to set
out the objectives of the study very clearly (unedb.ng / attachemts /
Environmental%20Monitoring%20Systems%2..).

Moreover, sources of pollution may be classifiediigir spatial distribution as point
sources, (e.g. industrial chimneys, liquid wastldarge pipes); line sources or area
sources (e.g. high ways, airline routes and nontpeources like run-off from
agricultural land). Sources may also be classifiectither stationary or mobile or on
the basis of height of discharge for air pollutamgés at street level, building level,
stack level or above the atmospheric boundary lsexl. An important distinction

may be made between planned, fugitive and accidemtizsions to the environment.

* Planned emissionarises when it is economically or technically imgibke to
completely remove all the contaminants in a disghand hence the process
operation allows pollutants to be discharged toetn@ronment at known and
controlled rates. For example, §@®m power generation plants and low level

radioactive effluent during nuclear fuel reprocegsi
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* Fugitive emissionarises when pollutants are released in an unpthmrsg.
They generally originate from operations which @meconomic or impractical
to control, have poor physical arrangements fduefft control or are poorly
maintained or managed.

* Accidental emissiongesults from plant failure, such as burst filtexgbor
faulty valve, or from an accident involving eitreguipment or operator error.
Accidental emissions can give rise to very high camtration but they

normally occur infrequently.

10.6  Types of Monitoring Methodologies

Monitoring methodologies can also be divided iriteeé categories according to cost

and the required level of accuracy and precision.
10.6a Continuous Monitoring Methods

These are high-resolution methods that provideigoaus records of contaminant
levels. They can operate over extended periods ksvee months) with minimal
operator intervention. Remote communication is bsdy telemetry. They have a
high degree of measurement precision. As might jgeaed, these are the most
expensive monitoring methods. A high standard ofnteaance, calibration, and
operational and quality control procedures areireduor good data quality.

10.6b Semi-continuous and Continuous Samplingnitigiang

There are specialized sampling equipments availdialt can be programmed to take
samples at fixed or variable time intervals or @sponse to an external trigger. For
example, a sampler can be programmed to starigadmples of a river at 8 minute
intervals when the rainfall intensity rises aboverh / hour. The trigger (in this case)
can be a remote rain gauge communicating with aémepter by using cell phoner
meteor burstechnology. Samplers can also take individualrdigcsamples at each
sampling occasion or bulk up samples into composit€ontinuous or quasi-
continuous monitoring involves having an automadedlytical facility close to the
environment being monitored so that results caredliired, be viewed in real time.
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Such systems are often established to protect taupowater supplies, but may also
be part of an overall monitoring strategy wherdyeamarning of potential problems is
essential. Such systems routinely provide dataararpeters such g+, dissolved
oxygen, conductivity, turbidity and colourln all examples of automated analysis
there is a requirement for water to be pumped tiomonitoring station. Choosing a
location for the pump inlet is equally as critieal deciding on the location for a grab

sample. The design of the pump and pipe work &gaires care.

10.6¢c Passive Sampling

The use of passive samplers greatly reduces theandghe need of infrastructure on
the sampling location. Passive samplers are sesppdable and can be produced at a
relatively low cost, thus they can be employedri@atjnumbers, allowing for a better

cover and more data being collected.

10.6d Remote Surveillance

Although on-site data collection using electronieasuring equipment is common-
place, many monitoring programmes also use remateslance and remote access
to data in real time. This requires the on-site itwoimg equipment to be connected to
a base station via either a telemetry network, darej cell phone network or other
telemetry system such as Meteor burst. The advardhgemote surveillance is that
many data feeds can come into a single base staticgtoring and analysis. It also
enables trigger levels or alert levels to be rafeedndividual monitoring sites and /
or parameters so that immediate action can baiediif a trigger level is exceeded.
The use of remote surveillance also allows for th&tallation of very discrete
monitoring equipment which can often be buried amouflaged. Use of such
equipment tends to reduce vandaliand theft when monitoring in locations, which

are easily accessible by the public.

10.6e Remote sensing

Environmental remote sensing uses aircraft or lgatelto monitor the environment
using multi-channel sensors. There are two kindeeofote sensing. Passive sensors

detect natural radiation that is emitted or re#élecby the object or surrounding area
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being observed. Reflected sunlight is the most comsource of radiation measured
by passive sensors and in environmental remoterggnbe sensors used are tuned to
specific wavelengths from far infra-red throughibvis light frequencies to far ultra

violet.

The volumes of data that can be collected are Vanye and require dedicated
computational support. The output of data analfisn remote sensing are false
colour images which differentiate small differen@eghe radiation characteristics of
the environment being monitored. With a skilful cgger choosing specific channels
it is possible to amplify differences which are engeptible to the human eye. In
particular, it is possible to discriminate subtleanges in chlorophyll ‘a’ and
chlorophyll ‘b* concentrations in plants and showeas of an environment with
slightly different nutrient regimes.

Active remote sensing emits energy and uses aveasensor to detect and measure
the radiation that is reflected or backscatterethfthe target. LIDAR is often used to
acquire information about the topography of an aespecially when the area is large
and manual surveying would be prohibitively expeasir difficult. Remote sensing
makes it possible to collect data on dangerousacdessible areas. Remote sensing
applications include monitoring deforestation, teHects of climate change on
glaciers and Arctic and Antarctic regions, and Hegtunding of coastal and ocean
depths.

10.6f Gravimetric Particulate Methods

Gravimetric particulate methods have formed thenstay of particulate monitoring.
These methods are also used for the analysis ludraie lead, and screening surveys.
Monitoring starts when a known volume of air is ed through a pre-weighed filter
for a known length of time (typically 24 hours).d filter is reweighed after exposure
and a concentration determined. Most systems reqomianual changes of the
sampling filters between each sample, althoughrabeu of semi-automated systems

are also available.
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10.69 Passive Monitoring Methods (Diffusion Tuaed Badges)

Diffusion tubes work when a contaminant is diffusetd a tube containing either an
adsorbent or reactive material. Analysis of theetutmllowing a known exposure time
(typically two to four weeks) will provide a timesaraged contaminant concentration.
Badges work in a similar way, the difference bdimg sampler configuration. Badges
typically have higher uptake rates and are usecemadely because these methods
are simple and cheap, they can provide a goodrpictuspatial variation over a large
area. They are particularly useful in screeningeys and during the initial stages of

an air quality monitoring programme.

Though a cheap screening tool, there are a nunfbienitations to this method, such
as lower accuracy and no indication of peak lev@sality control and assurance
during laboratory analysis must be of the hightmtdard to attain consistent results.
The results from passive samplers can be usednjurction with high-resolution
instruments to determine spatial variation acrasaiashed over a relevant averaging
time-period. This method can also be useful for ganson with annual guidelines.
Wet chemical methods are also used to monitor $edejaseous contaminants. These
methods have lower resolution. High-resolution ruinstental methods are now

recommended.
10.6h Open-path Monitoring Systems

Open-path monitoring systems measure a range ¢ammmmants based on absorption
of a light beam transmitted over distances of upeweral kilometres. As such, they
are totally different from most other monitoring timeds in common use. The main
difference is that the open-path system records #werage concentration

simultaneously for a number of contaminants overftll measured distance rather
than at a specific point. The measured results thdlefore be lower than those at
some points along the path and higher than at sthiéris method is particularly

suitable for measuring along site boundaries otistidal processes, but is not often
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used for measuring ambient air quality at discpaimts. These methods are usually

only used for research purposes.

One of the main attractions of the open-path systenthat they can be used for a
wide variety of different contaminants, includingsmh of the volatile organics. The
main disadvantage is their cost, which is typic#tisee to five times the cost of any
of the more traditional instruments. Furthermore ttoncentration of a particular
contaminant is averaged over the beam length, wéachunderestimate the ground-
level concentration where there are one or moratpsources of contamination

present.

10.7 Source Monitoring
This may be carried out for the following reasons :
* Determination of the mass emission rates of pailstarom a particular
source and assessment of how these are affectabtgss variations
» Evaluation of the effectiveness of control devit@spollution abatement
« Evaluation of compliance with statutory limitationsn emissions from

individual sources.

10.8 Stationary Sources and Gaseous Emissions

Two requirements are generally specified for vamurce monitoring. First the
sample should accurately reflect the true magnitoidéhe pollutant emission at a
specific point in the stack at a specific time. STequirement is met by adequate
sampling instrument design. Secondigipugh measurements should be obtained over
time and space so that their combined result wituaately represent the entire
source emissiorGenerally, 8-12 sampling points are adequatmiopensate for any
deficiencies in the location of the sampling sitthwespect to the length of the stack

and to non-ideal flow conditions at the site causgdbends, inlets or outlets.

10.7.2 Mobile Source Sampling for Gaseous Effluen

Vehicle and air craft emission are heavily dependgon the engine operating mode
(i.e. idling, accelerating, cruising or decelergjinand the results obtained by
sampling must be considered specific to the typeparating cycle used during the

test.
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10.9 Source Monitoring for Liquid Effluents

Liquid wastes and effluents like gaseous efflu¢ansl to be inhomogeneous and care
is needed in selecting sampling position. Sevenad@es may have to be taken across
the cross — section of a pipe or channel. In ca$ese suitable homogeneous regions
for sampling cannot be found, samples may haugettaken from several positions
along the effluent stream. Where the compositioa lduid effluent is known to vary
with time, grab samples may be collected at setvals either manually or by use of
an automatic sampler. An alternative approach isatople at intervals varying with

the flow rate so that a more representative congpaosay be obtained.

10.10 Source Monitoring for Solid Effluents

Solid effluents may arise from a number of différprocesses including sludge after
sewage treatment, ash residue from municipal ingtoes, or low grade gypsum from
desulphurization plants attached to coal fired postations. In general solid wastes
are even less homogeneous than either liquid ozogaseffluents, therefore great
effort must be made to ensure that samples areseptative of the bulk waste.
Monitoring of sewage sludge is particularly commdwme to sludge acting as an
efficient sorption material for heavy metals. Calesation must therefore be given to
the concentration of pollutants in the material obefit is used as fertilizer,

incinerated, dumped at sea or used as land fill.

10.11 Monitoring of Ambient Environmental Quality

10.11.1 Air Quality

Air pollution problems vary widely from area to arand from pollutant to pollutant.
Differences in meteorology, topography, source attaristics, pollutant behaviour
and legal and administrative constraints mean rti@titoring programmes will vary
in scope, content and duration along with the typlestations chosen. Ambient air
guality monitoring is required to determine thestixig quality of air, evaluation of
the effectiveness of control programmes and totifjeareas in need of restoration
and their prioritization. The objectives of airadjty monitoring are :

o To determine status and trends of ambient air tyyali
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o To ascertain whether the prescribed ambient ailityustandards are
exceeded,;

o To identify non-attainment areas where air polltgarexceed
prescribed standards.

o To obtain the knowledge and understanding neceg$sanyeveloping
preventive and corrective measures and

o To understand the natural cleansing process unithgrgm the
environment through pollution dilution, dispersionyind based
movement, dry deposition, precipitation and chemi@nsformation

of pollutants generated.

10.11.2 Water Quality

The range of chemical parameters that have thenpattéo affect any ecosystem is
very large. Therefore, in all monitoring programindsis necessary to target a set of
parameters based on local knowledge and past gagdcti an initial review. The list
can be expanded or reduced based on developingléagevand the outcome of the

initial surveys.

Pollutants enter the aquatic environment from tive (lay dry deposition or in
precipitation occurring either directly onto theterasurface or elsewhere within the
catchments area from the land or directly througlhent discharges (either domestic,
industrial or agricultural). The undesirable effeof pollutants in natural water may
be due to stimulation of phytoplankton growth (eptrication) which ultimately leads
to de-oxygenation of the water and major ecologibainge.

10.11.3 Sediment, Soil and Biological Monitoring

Soil and sediments may become polluted in a nuraberays (disposal of industrial

and domestic solid wastes, wet and dry depositimmfthe atmosphere and
infiltration by contaminated waters. Some potehtiddarmful substances such as
mercury or lead are naturally present in soils autconcentration which are not
normally deleterious. Some activities however canse elevated levels of these
compounds e.g. mining may cause soils to be contted by metals and the

dumping of solid wastes in land will invariably iatluce a wide variety of pollutants
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to the soil. On the other hand, there are comp®widch do not occur naturally, and
their presence in soils and sediments is due #&ntiee man’s activities. These
substances, inter alia, include pesticides (pddrtuthe organo-chlorine compounds
such as DDT, aldrin, dieldrin etc.).

Monitoring should be carried out following the aipption of sewage sludge or waste
water to agricultural land. Samples of surface watground water, site-soill,

vegetation and the sludge applied would normallytdsted for faecal coli form,

various nutrients, heavy metals and pH. The resuldy then be compared with
predicted levels derived from the application ratéssludges' to land, soil type,

nitrogen, phosphorus and heavy metal contentseofméiste and the nutrient uptake
characteristics of the cover crop.

When monitoring back ground levels and more spe@bllution on land or in the
sediments of a water body, measurements showdd b& made of levels in the plants
or organisms that the soil or sediments supparinany cases, flora or fauna provide
excellent indicators of the degree of pollutionttaesy may act as bio-indicators / bio-
concentrators (e.g. heavy metals from suspendedrig@atn shell fish). Also it is
important to monitor pollution levels in food antrdugh the food chain. This
necessitates simultaneous measurement of pollaegls in soils as well as in water,

sediments and aquatic biota.

10.11.4 Ecosystem Health

Apart from the monitoring of pollutants in liquidfleents, sampling may be carried

out in rivers, lakes, estuaries and the sea ieram obtain an overall indication of

water quality. Sampling is also carried out atnp®iwhere water is taken for supply,

to check its suitability for a particular use. Sednts and biological samples can be
used in order to assess the accumulation of palisitand as indicators of pollution.

Apart from the measurement of chemical and phygieaameters the quantitative or
gualitative assessment of aquatic flora and fasradten used to give an indication of
the presence or absence of pollution, and wellgeized relationships exist between
the abundance and diversity of species and thesdegfrpollution. This is often used

to assess the cleanliness of natural fresh waie®gical monitoring).
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The use of living organisms as monitoring tools hazeny advantages. Organisms
living in the environment under study are constarekposed to the physical,
biological and chemical influences of that envir@mnh Organisms that have a
tendency to accumulate chemical species can oftemnaulate significant quantities
of material from very low concentrations in the eomment. For exampldylosses
have been used by many investigators to monitovyheeetal concentrations because
of their tendency to selectively adsorb heavy nsetaimilarly, eels have been used to
study halogenated organic chemicals, as these dm@rteed into the fatty deposits

within the eel.

In biological monitoring, the monitoring strateggdaeffort is directed at the plants
and animals in the environment under review arspexific to each individual study.

However, in more generalized environmental momtprmany animals act as robust
indicators of the quality of the environment thhey are experiencing or have
experienced in the recent past.

One of the most familiar examples is the monitoraignumbers of Salmonid fish
such as Brown trout or Salmon in river systems lakés to detect slow trends in
adverse environmental effects. The steep declisalmonid fish populations was one
of the early indications of the problem that ldtecame known as acid rain. In recent
years much more attention has been given to a mdistic approach in which the

ecosystem health is assessed and used as the nmgnitm| itself.

10.11.5 Radiological Monitoring

Radiation monitoring involves the measurement afiaidon dose or radionuclide
contamination for reasons related to the assessonexntrol of exposure to ionizing
radiation or radioactive substances, and the irge&apon of the results. The
‘measurement’ of dose often means the measuremanti@se equivalent quantity as
a proxy (i.e. substitute) for a dose quantity tbatnot be measured directly. Also,
sampling may be involved as a preliminary step wasurement of the content of
radio nuclides in environmental media. The methogichl and technical details of

the design and operation of monitoring programnmes systems for different radio-
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nuclides, environmental media and types of fac#itg given in IAEA Safety Guide
RS-G-1.8 and in IAEA Safety Report No. 64. Radmatimonitoring is often carried
out using networks of fixed and deployable sensoich as the US Environmental
Protection Agency's Radnet and the SPEEDI netwotkapan. Airborne surveys are

also made by organizations like the Nuclear Emarg&upport Team.

10.11.6 Microbiological Monitoring

Bacteria and viruses are the most commonly mordtgmups of microbiological

organisms. They are of great relevance where waténe aquatic environment is
subsequently used as drinking water or where wetgrtact recreation such as
swimming is practiced. Although pathogens are theagry focus of attention, the
principal monitoring effort is almost always diredtat much more common indicator

species such dsscherichia colisupplemented by overall coli form bacteria counts

The rationale behind this monitoring strategy @&t ttmost human pathogens originate
from other humans via the sewage stream. Many sswagtment plants have no
sterilization final stage and therefore dischargesiluent which, although having a
clean appearance, still contains many millions aéteria per liter, the majority of
which may however be harmless. Counting the nurobéiarmless (or less harmful)
sewage bacteria allows a judgment to be made aheuprobability of significant
numbers of pathogenic bacteria or viruses beinggnte

10.11.7 Meteorological Monitoring

It is important to monitor meteorological conditgat the air quality monitoring site

since weather is a significant factor which inflaes air contaminant concentrations.
Measurements of wind speed, wind direction andemperature are the minimum
meteorological parameters to be monitored. Add#ioneasurements that provide an
improved picture of weather conditions during monitg are : relative humidity,

solar radiation, rainfall, and a temperature peoéit two heights.

Wind direction, by convention, is the direction thied is blowingfrom and is quoted
with reference to north . An exception to this igteorological data collected for
oceanographic monitoring purposes. In this cagewihd is recorded in the direction
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it is blowing towards Care should be taken to determine the meteordbgvind
convention when using data collected from the neaeinvironment. Wind speeds are
often quoted in different units. The preferred mpg unit is metres per second
(m/s). The minimum monitoring required is as follw

- wind speed (resolution 0.1 m/s, accuracy + 0.2 st&st-up 0.2 m/s)

- wind direction (resolution 1°, accuracy * 2°, refieced to true north)

« air temperature (resolution 0.1°C, accuracy 0.2°C)

Desirable measurements are:
« humidity (or dew point) (resolution 1% relative hidity (rh), accuracy
+ 5% rh)
. solar radiation (for stability estimates) (resautil W/nf, accuracy 10 W/R)
« rainfall (resolution 1 mm)
- temperature profile (T at two heights, 1.5 m andr,(heeds 0.1°C accuracy)
using identical sensors at both heights.

10.11.7.1 Specific siting requirements:

Must be free of influence of trees, buildings, staues — should be at least two times
the height away from the obstacle, and for windseenit should be at least 10 times
the height away from obstacles as provided in eide to Meteorological
Instruments and Methods of Observat{®vorld Meteorological Organization, 1996;
Oke, T. R. 2006).

10.11.8 Population Monitoring

Monitoring strategies can some times lead to mishgaconclusions when relying on
counts of species or presence or absence of partictganisms if there is no regard
to population size. Understanding the populatiopsadchics of an organism being

monitored is also critical.

10.12 Location of Sampling Sites
For air quality monitoring, sites can be dividatbifollowing categories :
* Source-oriented sites for monitoring individualsonall groups of emitters as
part of a local surrey (e.g. a particular factory)
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» Sites in a more extensive way, which may be locatedreas of highest
expected pollutant concentrations, high populatlensity or in rural areas to
give a complete picture and coverage.

* Base-line stations to obtain background conceptmatiusually in remote or

rural areas with no anticipated changes in land use

For assessing water quality, the sampling locatstroaild generally be away from the
river or lake banks or the walls of channels orepipOften it will be desirable
(necessary) to take samples from several locationsrder to obtain the required
information. Downstream of effluent discharge,diuadinal, transverse and vertical
sampling arrays may be necessary to ensure thbt tepresentative data are

obtained.

Studies of pollutants require sampling at consideradistances downstream of
effluent inputs e.g. investigating the decreasd®-content. When a temporarily
varying effluent discharge is under study, it nieydesirable to sample as close to
the point of discharge as mixing allows in ordemtonitor short-term variations in
concentration. However if long-term average wateality is of interest then sampling
should be carried out further down-stream whergitadinal dispersion and mixing

will smoothen out the short time variations.

Sampling in estuaries is more difficult in regacdspatial and temporal variability.
Appropriate location for sampling will vary fromteary to estuary and will depend
on the parameters of interest but a minimum of &MmEes per survey might be
appropriate. Vertical stratification of pollutamtey be pronounced due to a reduction

in dissolved oxygen from the surface downwards.

Monitoring is also required to establish actualelsvof contamination in land or
sediments known to be affected by pollutants. s tase much more specific and
localized monitoring may be required in order toamify the degree of
contamination. The contamination of sites oftersesifrom their previous uses,
particularly as coal gas manufacturing plants, sen&l waste disposal sites, chemical

plants and scrap yards. A typical contaminant siggy be found to contain variable
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concentrations of toxic elements and organic comgsuphenols, coal tars and oils

etc.

Some sites may contain underground pipe work angresent sampling problems.
Site investigation of this type is very expensiv@ommon problems that have been
encountered include :

* Aninadequate number of samples

* Inadequate range of determinants

* Bulking of samples when individual samples from c#fp@ locations are

preferable

* Inappropriate analytical methods

* Inadequate referencing of sample locations

» Inadequate description of samples

* Anignorance of the nature of the required infoiiprat

10.13 Sampling Methods

There are a wide range of sampling methods whicphemg on the type of
environment and the material being sampled. Adiitsplest, a sample can be filling a
clean bottle with river water and submitting it fmynventional chemical analysis. At
the more complex end, sample data may be produgedrplex electronic sensing
devices taking sub-samples over fixed or variabtee tperiods. Sampling requires
careful planning to be representative and as neasine as possible. Sediments and
soils require specialized sampling tools to endina the material recovered is
representative. Such samplers are frequently degdi¢m recover a specified volume

of material and may also be designed to recovesdldanent or soil living biota.

10.13.1 Air Sampling

The methods most commonly used for the collectibratmmospheric particulate
samples are : Filtration impingement (wet or drypingers, cascade impactors,
sedimentation by gravity in stagnant air, therntakcpitators, cyclones), whereas for

gaseous samples are adsorption, absorption, caxtctanand grab sampling
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10.13.1a Filtration

Filtration is the most common technique for sangplparticulate matter. The filter
materials are (a) cellulose filter paper for deteahon of metals and anions (b) glass
fiber for analysis of organic compounds and (agaifelts for trace inorganic species
and organic compounds. The type of filter mediuraseim will depend on a number
of factors. These include the collection efficierfoy a given particle size pressure

drop and flow characteristics of the filter typEhere are following types of filters :

10.13.1b Impingers

The device is a dry impinger when the collectingfae is dry and wet impinger
when the collecting surface is wet. Dry impingefdhe cascade impactor type can
differentiate particles according to their sizeas€de impactors use the aerodynamic
impaction projectiles of particles to separategample into different size fractions by
use of sequential sets and collection surfacerilrciple, the smaller orifices consist
of up to seven stages backed by a membrane #é&@h stage containing accurately
drilled holes which align over a solid portion betadjacent plates. The holes in each
successive stage are smaller than those in thegirgcplate and since air is drawn
through the instrument at a constant flow rate. [EHngest particles are impacted on
the first stage and the smallest are collectecherback-up filter. Other problems of
cascade impactor sampling include wall losses ardaggregation of particles and
the mechanical breaking of agglomerates which tesuhaccurate site distribution

measurements.

10.13.1c Sedimentation

This is the collection of particulate material Bipwaing it to deposit into a collection

vessel by gravity. However the presence of the bmwtylinder in the path of the

falling particles will change their flow patterndhit is not clear whether the collected
materials are truly representative of actual comwé. During wet weather dust is
washed down from the bowl but during dry weathghhvinds may blow dust out of
or into the bowl so producing erroneous dust logdist the end of the sampling
period (usually one month) a measured volume oemigt used to wash any dust in
the bowl into the collection bottle and the pH,atoparticulate mass, and water

volume determined.
10.25



A major disadvantage of the standard deposit gautigt no directional resolution of
the particulate material is possible. This has besolved with the introduction of the
directional deposit which consists of four cylinslenounted on a common post with
open slots facing the four quadrants of the compash cylinder has removable
collection bottle at its base. The siting of depgsiuges often presents problems e.g.
when attempting to monitor emissions from one mapurce, the use of several
directional gauges around the source may be sdat@ssonfirming that emissions
occur from that source, however in areas of mutipburces or where there is
significant atmospheric turbulence (e.g. in bujt areas) inconclusive data may be
obtained. It should be noted however that thedstahdeposit gauge (SDG) is more
effective in collection of large particles whichtsunder gravity.

Electrostatic samplers are usually very efficiemtdollection of small particles. There
are also smaller versions of pollutant control desi On entering the sampler, articles
pickup charge as they pass through an electricethdrge between electrodes
maintained at a potential difference of up to 3W) ¥. The small charged particles in
a gas steam lose their charge in contact with actrelde (oppositely charged) and

accumulate on the electrode.

Thermal precipitators may be used for collectiora@fosol particles of 0.00l um size
with high efficiency. They work on the principleathsuspended particles move to

lower temperature regions when exposed to a higipeeature gradient.

10.13.1d Adsorption

The adsorption of gases is a surface phenomenan®&ecules become bound by
intermolecular attraction to the surface of a ailen phase and so become
concentrated. Under equilibrium conditions at cansttemp, the volume of gas
adsorbed on the collection phase is proportiondhé&positive power of the partial
pressure of the gas and is also dependent uponethgve surface area of the
adsorbent. Materials commonly used as adsorbenbsdm activated carbon, silica-
gel, alumina and various porous polymers. Certaigcgutions must be taken in

selecting a suitable adsorption medium :
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* Relative affinity for polar or non-polar compounésg activated carbon
(nonpolar) will absorb non-polar organic gasesdxaude polar compounds.

» Adsorbent must not react chemically with the cdéelc sample unless
chemisorptions is being used.

* Analyte must not react with other constituentshef sampled air.

* The retention volume of the adsorbent must be knowth respect to the
species being collected

» Desorption property must also be known in orderetsure quantitative

recovery of the sample

10.13.1e Absorption

A general method of collection of gaseous polligasabsorption in a solvent such as
by bubbling the gas through a liquid. Pure wateadequate for collecting some
gaseous pollutants such as HF. Alkaline solutiarsraquired for absorbing acidic
gases, acidic solutions for collecting alkaline egasand oils for collecting
hydrocarbon. Optimum conditions for efficient samglare small bubble size and

increased residence time of the absorbing device.

10.13.1f Condensation or Cold Trapping

It is possible to condense gases from the air armbmcentrate them. Fractionation is
achieved by using collectors maintained at progrebslower temperatures i.e. the
first collector is maintained in an ice bati’@) and the last collector in a liquid
nitrogen bath (-19&). However a limitation of the method is that @ravapor
present in the air will also freeze and so progve$s block the trap. This may be
overcome by using a first trap of large volume gesd to collect water and a second

trap at a sufficiently low temperature to collao@lytes.

10.13.19g Grab Sampling

Rather than utilizing a concentration techniqué¢him field, samples may be collected
in an impermeable container and returned to therébry for analysis. Air is drawn
into the flexible bag which may be sealed whenateiti. Samples can then be drawn

at a later stage from the bag by hypodermic gdu §gringe.
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Filters have been used in high volume air samplaese are used to pump large
volumes of air. The filters used consist of glabsrs and have a collection efficiency
of more than 99% for particles with Q.8iameter. Particles with diameters exceeding
100 u remain on the filter surface whereas particleshwitameters down to about
0.1u are collected on the glass fibers in the filt&8ampling is desirable at places
where people work. For this purpose light weighttdygt operated pumps are used.
Samples of polluted air are collected at severahtpao build up a picture of the
distribution of an air pollutant. Samples collectadfilters are analyzed chemically
by weighing, by microscopes and by gravimetric arttaction techniques to extract

the material for chemical analysis.

10.14 Water Sampling

For analysis of natural and waste water, grab sagmrocedures are usually
employed. A series of grab samples collected frafferént depths at a given site,
reflect variations in constituents over a periodtiafie. The total number of grab

samples should satisfy the requirement of the sagiprogramme.

Grab samples provide a good snap-shot view of thaelity of the sampled

environment at the point of sampling and at theetwhsampling. However, without

additional monitoring, the results cannot be exifajed to other times or to other
parts of the ecosystem under study. In order tdlengrab samples or rivers to be
treated as representative, repeat transverse agdudinal transect surveys taken at
different times of day and times of year are regplito establish that the grab-sample
location is as representative as is reasonablyiljesd-or large ecosystems such
surveys should also have regard to the depth ofdingple and how to best manage

the sampling locations at times of flood and drdaugh
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In stagnant waters(e.g. lakes), grab samplesetavely simple to take using depth
samplers which can be lowered to a pre-determimgdhdand then closed trapping a
fixed volume of water from the required depth. lhbat the shallowest lakes, there
are major changes in the chemical composition ké levater at different depths,

especially during the summer months when many |atedify into a warm, well

oxygenated upper layeregilimnio) and a cool de-oxygenated lower layer
(hypolimnior).

In the open seas (marine environment), grab sawae establish a wide range of
base-line parameters such as salinity and a rahgation and anion concentrations.
However, where changing conditions are an issud |1 near river or sewage

discharges, a grab sample can only give a veryapariswer when taken on its own.

10.14.1 Composite Samples

Samples may be composited over any time period asieh 8, 24 hours depending on
the purpose of analysis. Such composite samplesuseful for determining the
average condition which when correlated with flomn de used for computing the
material balance of a stream of water body ovesréogd of time. A recent innovation
is the use of adsorption or filtration media to @mtrate the species of interest in situ.
Different determinants require different methodspaéservation in order to prevent

significant changes between the time of sampliryaranalysis.

10.15 Soil and Sediment Sampling

Soil and sediments are typically very inhomogenemesiia and large lateral and

vertical variations in texture, bulk compositiondapollutant-concentration may be

expected. For this reason, large numbers of ssnphy be required to characterize
a relatively small area. It is often necessarylitaim cores so that vertical profiles of

the determinants may be obtained or cumulative sigpo estimated.

Grab samples of soils are easily obtained manaaltlystored in cleaned plastic bags.
Sometimes composite samples formed by the bulkoggether of a number of
individual samples may be sufficient but generalhalyses of individual samples is

to be preferred. Alternatively a dredge may beduseobtain a composite sample
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along a strip of the sediment surface. Some detexmis in soils and sediments are
liable to change during storage and require theafiggreservation techniques. For
example nitrate in soil can be extracted into ptas chloride solution and preserved
with toluene. There are important effects assodiatg#h grain size which should be

considered in the analysis of soil or sediment.

10.16 Duration and Extent of Monitoring

The duration of a pollution monitoring programmeeistirely dependent upon the
purpose and can vary from time to time. The choicthe frequency of sampling i.e.
the duration of each sample period and the intdsgbkeen successive measurements

depends upon the objectives of the study.

Pollutant concentration in air and water fluctuateh varying degrees of rapidity and
in order to characterize their behavior it is neeeg to measure these changing levels,
long term mean data may be sufficient for some @sgp but will not be adequate
where information of short term high level episogesquired. Generally it has been
found that if random sampling techniques are ugbeé, number of samples required
will increase. The greater the fluctuation of tlediytant level, the more numerous the
sample that must be taken to accurately assessait@ion. As a more general
guideline, it may be assumed to be necessary te Aaampling interval at least ten

times shorter than the fluctuation cycle time.
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11.1 Environmental Institutional Set-up

Realizing the importance of protection of the eanment, the port authorities
should constitute different groups at project,iorgl and Corporate Centre
level to carry out specific environment relatedduons. An ‘Environmental
Monitoring Cell’ overseen by an ‘Environmental Mtoring Panel’ may also
be constituted with members from agencies suchagst Department,
Pollution Control Board, Academic / Research Instins and Electricity

Board etc.

The broad mandate of this panel may be to overbeeenvironmental
monitoring cell and advise the management on enment related matters as
and when required. The Environmental Monitoring |Gehy oversee and
ensure that the measures to be taken under theoBmental Management
Plan is implemented strictly and to ensure theypiolh parameters are within
the prescribed limits. For this purpose, a momtprgroup and a pollution
control equipment maintenance group should be glatéghe Environmental
Management (EM) Cell. The EM cell should be staitedhe initial stages

itself with the following responsibilities :
= Proper maintenance and operation

= Creating environmental awareness amongst the wsrker

supervisory staff and contract laborers
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= Conducting Environmental Audits and Reporting tdliR@n
Control Board or any such authorities

= Regularly monitoring the environmental parametarsd
preparing reports as required by the statutoryaitiés.

= Recommending necessary measures to improve enwaram
conditions.

= Advising the concerned staff and workers in mattetated to
EMP or Environmental code of conduct and in ternis o
necessary steps to be adopted

= Training the staff and other workers on safety mess and

conducting environmental safety drills to educhtam

11.2 Monitoring Equipment

Choosing the appropriate monitoring equipment igdrtant for achieving the aims of
the environmental management programme. Equipth@ttdoes not measure the
contaminant in the required measurement rangelgleali not provide useful data.
The following factors should be considered :

11.2.1 Purpose of monitoring Is it screening, compliance monitoring or reskétc
Different sensitivities may apply to different tyeof monitors. For example,
compliance monitoring may require a higher levesensitivity and resolution than a

monitor used for screening purposes.
11.2.2 Duration of deployment: If the instrument is to be used for short-term
screening surveys then portability, size, weightl aobustness may be factors to

consider.

11.2.3 Detection limit, precision and measuremeartge : Will the instrument be
able to measure within the required range, bas@tl@monitoring objectives ?

11.2.4 ConsumablesHow frequently do parts need to be changed oaoepl ?
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11.2.5 Ability to conform to relevant monitoringaistlards : Does the instrument

conform to monitoring standards such as those red

11.2.6 Frequency of calibrationThe time taken to complete automatic checks, and

operational and multipoint calibrations.

11.2.7 Ease of use Some instruments can be extremely difficult torape which

imposes costs in terms of training and person-hspest resolving problems.

11.2.8 Ability to interface remotelyMost modern instruments will allow an operator

to remotely operate an instrument.

11.2.9 Environmental requirementsThe instrument may require air conditioning,

temperature or humidity control ?

11.2.10 Cost The cost of the instrument and the cost of corales need to

be taken into account.

11.2.11 Reliability : One has to find out who else has operated similar
instruments and discuss the pros and cons witlr otiganisations before going for a

purchase.

11.3 Data Reliability, Constraints and Gaps

It is important that the monitoring equipment usedppropriately accredited (e.qg.
compliance with local or international standardzpperly installed and regularly
calibrated and serviced to ensure it is providioguaate and reliable data. Gaps in
data can be due to :

» Errors during calibration

» Equipment failure at site or communications faillnetween

instrument and data logger (variable)
» Power failures on the site (variable) (http : //

www.environment.nsw.gov.au / agms / uhagmnfaqg.htm)
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11.4 Environmental Management

The organization should chalk out a set of wellrdef activities that are envisaged
right from the project conceptualization stagelsat turing the entire life cycle of the
plant, it is fully compliant with various environmie regulations and a pristine

environment and ecological balance is maintaineahsharound.

Performance enhancement and up-gradation measwoefd e undertaken by the
organization during the post operational stageéhefdtations. These activities greatly
help in minimizing the impact on environment gmeserve the ecology in and
around its sub-projects. Following is brief destiop of some of the measures which
should be undertaken during the operation phasenidasures can be enumerated as

follows.

11.4.1 Monitoring of Environmental Parameters : A broad based
Environment Monitoring Programme should be formedatand implemented. All
pollutants discharged from various activities skdobke monitored at the stipulated
frequency at the source itself as also at thetpah discharge. In addition to the
above, ambient air, surface water and ground watality in and around should be
regularly monitored so as to assess and minimeeativerse impacts resulting out of

the activities.

11.4.2 On-Line Data Base Management In order to have better control on
pollution and to achieve effective environmentalanagement in and around, it is
better to have an on-line, reliable and efficiemti;onment information system on the
plant operation and environmental performance patars at local, regional and
central (Corporate) levels. This would provide able storage, prompt and accurate
flow of information on environmental performancewafrious stations. This system
would also facilitate direct transfer of environrtemreports and other environment
related information from the project site to thegReal Headquarters and Corporate
Centre, and help in achieving continuous improvenreenvironmental performance
through improved monitoring and reporting systemulsing the trend analysis and

advanced data management techniques.
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11.4.3 Environmental Reviews : To maintain constant vigil on
environmental compliance, environmental reviews usthobe carried out at all
operating stations and remedial measures shoutddem wherever necessary. As a
feedback and follow-up of these environmental negiea number of retrofit and up-
gradation measures can be undertaken at differeéatiorss. Such periodic
environmental reviews and extensive monitoring had facilities carried out at all
stations would help in complying with the enviromted norms andimely renewal

of the Air and Water Consents.

1144 Up-gradation and Retrofitting of Pollution Control Systems :In
order to keep pace with the changing norms andrensampliance with statutory
requirements in the field of pollution control, th@&thorities should have an open
mind for Renovation and Modernization (R & M) andti®fitting and Up-gradation
of pollution monitoring and control facilities. 16 important to mention that such
modifications / retrofit programs not only helpbetterment of environment but also

in resource conservation.

High efficiency Electro-Static Precipitators (ESBBpuld be provided for control of
stack particulate emissions. Remedial measuresldshmei taken up regularly and
implemented to continuously improve the efficierafythe existing ESPs at various
stations. ESP performance enhancement programme adypting advanced
microprocessor based Electrostatic Precipitator ddament System (EPMS) should
be installed at various stations. The ESPs shoeldesigned so as to meet the likely

stringent emission norms in the future also.

11.45 Resources Conservation

With better awareness about ecology and environmiet organization should
continually look for innovative and cost effectiwmlutions to conserve natural
resources and reduce wastes. Some of these meakated include :

> Reduction in land requirements for main plant aisppakal areas

> Capacity addition in plants, within existing land
11.6



> Reduction in water requirement for main plant angpadsal areas
through recycle and reuse of water

> Efficient use of Fuel (Coal, Natural gas and Fugl o

> Reduction in fuel requirement through more effitieambustion and

adoption of state-of-the-art technologies suchugescritical boilers

11.4.6 Waste Management

Various types of wastes such as Municipal or doim@sistes, hazardous wastes, bio-
medical wastes get generated in plant areas, plaspital and the associated
townships. The wastes generated consist of a nuaflsolid and hazardous wastes
like used and waste oils, grease, lead acid bagtenther lead bearing wastes (such as
gaskets etc.), oil and clarifier sludge, used ressed photo-chemicals, asbestos
packing, e-waste, metal scrap, electrical scramtgraylinders (refillable), paper,
rubber products, canteen (bio-degradable) wabtgkling material wastes, silica
gel, glass wool, fused lamps & tubes, fire resistaids etc. These wastes fall either
under hazardous wastes category or non-hazardousesvecategory as per
classification given in Government of India’s nwmifftion on Hazardous Wastes
(Management and Handling) Rules 1989 (as amende@008). Handling and

management of these wastes should be done asatetineeslow :

11.4.6.1 Municipal Waste Management

Domestic or municipal waste is generated in housishat townships. This waste
should be segregated into bio-degradable and ramdefradable wastes at source
itself in different colored containers and thereathe two types should be disposed
separately. Bio-degradable waste should be spredormly in identified low lying
areas and thereafter should be covered with soiu§e later on as manure after
composting. The segregated non bio-degradable wsistelld be disposed off

separately in other identified low lying areas asttbuld be spread out uniformly.
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11.4.6.2 Hazardous Waste Management

The handling and disposal of hazardous wastes dhmibone as per the Hazardous
Wastes (Management & Handling) Rules 1989 (as aetend 2003) guidelines
issued by Government of India for the treatmertdragje and disposal of hazardous
wastes. There should be complete compliance wisttutslry requirements. The
Hazardous Wastes (Recyclable) should be sold lcaect to registered recyclers /
refiners. The other hazardous wastes such as tivatad carbon resins, used drums
(hazardous) chromium (Cr-1ll electrolytes, usedr@ehemicals, asbestos packing,
used torch batteries, ribbon, toners / cartridgesed wastes (waste oil, water &
cotton) filters, earth contaminated with synthetic lamps & tubes etc. fall under the
category of Hazardous Wastes (Non-Recyclable). & hesstes should be stored in
properly identified locations. As per the notificm, hazardous wastes (non-
recyclable) are to be sent to State Pollution Gbioard (SPCB) approved common

treatment storage and disposal facility (CTSDF).

11.4.6.3 Bio-Medical Waste Management

Hospital (or Bio-medical) wastes generated frompitats include urine bags, human
anatomical wastes, plaster of Paris waste, ematstipl bottles of water & glucose,
blood & chemical mixed cotton, blood & urine tubet. these wastes should be
segregated and placed in buckets of differentrscds per the notification for Bio-
Medical Waste (Management & Handling) Rules. Thgregated bio-medical wastes
should be either disposed through the SPCB appragemcy or they have to be
treated in autoclaves before disposal into bio-gedvaste disposal pits. The treated
bio-medical waste should be spread uniformly aneeced with 10 cm thick soil in

bio-medical waste disposal pits.

11.4.7 Land Use and Bio-diversity

There should be special emphasis on land use andifersity by way of developing
more green belts, energy plantations, and contsemological monitoring in the

project areas and its surroundings.
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11.4.7.1 Green Belts, Afforestation & Energy Plant@ons

Appropriate afforestation programmes for plamiyriship and green belt areas of the
project should be implemented at all project-sitesrder to enhance green cover in
the areas. The afforestation would not only cbonte to the aesthetics but also
would serve as a 'sink’ for the pollutants reledsah the station and would thereby
protect the quality of ecology and environmentnd around the projects.

11.4.8 Environmental Audit and Impact Assessmentt8dies

Environmental Audit Studies should be inevitablgleriaken to evaluate and prevent
potential negative impacts as well as to formuEateironmental Management Plans
to overcome the identified impacts. Based on tlwemsmendations of Audit reports
and studies, Environmental Management Plans (EM&)ld be regularly tuned and

fine-tuned.

11.4.9 Socio-economic Studies

Detailed socio-economic studies should be undenté&e a continuous basis) to re-
assess the socio-economic status of plant / prajéetted persons and look into the
issues related to their rehabilitation and resettiet plans in consultation with the
state government. In addition, community developnamivities in the surrounding

villages should be undertaken in the form of Coap®rSocial Responsibility (CSR)

etc.

11.4.10 Ecological Monitoring Programme

Comprehensive Ecological Monitoring Programme inglgd Satellite Imagery
Studies should also go hand in hand, in a contisumode around the plants /
projects / activities so as to ensure that theamigncrease in : (a) dense forest area,
(b) agriculture area, (c) average rainfall etc.m8examples of good environmental
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practices, which are normally taken recourse toeundrious situations are given

below. They serve as guidelines for green (enviremtad) plans.

11.5 Air and Noise Management

» Wherever coal is usedhe ash left behind after combustion of coal should
normally be controlled using high efficiency Eledtatic Precipitators
(ESPs). The ash collected in the ESPs should Ipepsksl into the Ash Ponds
in slurry form.

» Tall Flue Gas Stacks should be provided for widgpeision of the gaseous
emissions (S¢, NOx etc) into the atmosphere.

» NOy emissions should be controlled by provision of ERN®, Burners (dry or
wet type) adopting best combustion practices.

» Dust Extraction (DE) and Dust Suppression (DS)ewst should be installed
to contain and extract the fugitive dust released.

» A first aid room should be provided for any emaerge.

> Laborers involved should be made sensitive to ttwogical importance of
their area of work, nature conservation and beraved the conservation
strategies to avoid untoward effects.

» Movement of the workforce should be under strigttom of the management
responsible for environmental protection.

» Travel and transport should be minimized becausesportation is one
significant sector contributing to pollution.

» Staff should be equipped / trained to face anydaots such as fire or leakage
of gases in the underground laboratory or elsewimetieeir work area and or
its surroundings.

» Sufficient provisions should be made to acquire fighting, communication
equipments.

> Importance must be given to develop hospital fikediin the residential area.

» Suitable training for the staff with frequent redher programmes should be
arranged for them to remain well equipped.

» Regular training programmes should be held.
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The Environmental Monitoring Cell (EMC) should osee the
implementation of these measures.

This should also include (a) monitoring the impletagion of the
environment management plans as well as (b) mamgtdhe pollution control
and equipment maintenance measures.

The EMC, to be stationed at the site, should irelogembers from the Forest
Department, the site engineer, representatives asfchmyat-bodies, and
environmental experts.

In addition, there should be an Environment Manag@rnPanel to oversee the
activities of the Environmental Monitoring Cell (ED).

It is important that a viable number of indigenqaeople are employed right
from the beginning.

Strict measures should be taken to avoid use ofdwmtiected locally. The
laborers should be provided with LPG instead of fumod.

Proper facilities for their temporary residensbsuld be given. They should
be educated about nature conservation.

They, in turn, can be engaged in monitoring velacmhovement, movement
of wildlife, forest fire mitigation, etc.

This should be an integral component of the coragenv initiative.

A watchtower located at a strategic point withie gite would greatly aid the
monitoring of wildlife movement both in short arahf terms.

Dedicated infrastructure like vehicles for envimental cell should be made
available.

Incremental pollution loads on the ambient air amwise quality should be
closely monitored. Adequate measures should be rtakde to reduce
ambient air and noise levels, so as to conformhéostipulated standards by
CPCB.

Movement of heavy vehicles should be well monitaxad regulated.

Care should be taken to reduce noise generatedigdcwnstruction.

Use of well maintained machinery and vehicles waotddsiderably help in
this matter.

Workshops and such other facilities, which are alsorces of noise, may be

located away from road.
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High intensity works like blasting etc. may be lied to the bare minimum,
especially at the exposed areas such as entryl podashould be avoided if
possible.

Blasting work close to the surface may affect mgpgcies and cause stress to
them. Therefore, the number of blasts should bemmed and spaced out to
reduce the vibrations and their impact.

Also, sophisticated drilling and blasting technigumay be adopted which
would save time, resources and protect environagmtell.

The ground vibration may be measured continuouslying blasting
operations.

Diesel power generating sets as sources of bagteuer for elevators and
common area illumination should conform to Envir@mal (Protection)
rules.

The location of the DG sets may be decided in dteitson with the Pollution
Control Board.

During night time, the noise levels measured athivendary of the building
shall be restricted to the permissible levels tongly with the prevalent
regulations.

Traffic congestion near the entry and exit poimgsrf the roads adjoining the
proposed project site must be avoided.

Parking should be carefully planned and regulated.

The diesel generator sets to be used during catistnuphase should be of
low sulfur diesel type and should conform to Enmireental (Protection)
Rules prescribed for Air and Noise emission stathslar

The diesel required for operating DG sets shaBtbeed in underground tanks
and if required, clearance from Chief ControlleiExplosives shall be taken.
Vehicles hired for bringing material to the siteosld be in good condition
and should have a pollution check certificate amulgd conform to applicable
Air and Noise Emission Standards and should beabgeronly during non-
peak hours.

Ambient noise levels should conform to residergtahdards both during Day
and Night.
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11.6

11.7

Incremental pollution loads on the ambient air awise quality should be

closely monitored during construction phase.

Water Management

Water quality should be monitored regularly.

Rainwater harvesting for roof run-off and surfacen-off should be
implemented.

Pre-treatment must be given to remove suspendetennail and grease
before discharging the surface-run-off.

Storm water control and its reuse as per wateritguslandards should be
ensured.

Soil and ground water samples should be testeddertin that there is no
threat to ground water quality by way of leachirfgheavy metals and other
toxic contaminants.

Safe disposal of waste water and solid wastes gtateshould be ensured.
All required sanitary and hygiene measures shoeloh place.

The installation of the Sewage Treatment Plant {ShBuld be certified by an
independent expert.

The treated effluent emanating from STP shoulddwoyaled / reused to the
maximum extent possible.

Treatment of 100% grey water by decentralized itneat should be done.
Discharge of unused treated effluent shall conftorthe norms and standards
of the Pollution Control Board.

Necessary measures should be undertaken so asigatenthe odor problem
from STP.

Soil / Sediment Management

Petroleum contamination is a very common probless¢hdays. Many
tanks are buried in the ground with no safeguandglace. These tanks
sometimes leak oil and gas into the surrounding and potentially, into

groundwater sources. There are two effective wayseat soil that has
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been contaminated with petroleum. The first isnaction. This process
destroys all contaminants in the soil, but unfoatiety, it also destroys the
soil.

A process called thermal soil remediation is in w®giow in many
countries (including USA) so that much of the dbét is contaminated
can be reclaimed and reused. The temperaturesighe enough to
vaporize any petroleum contaminants in the soit, imt so much as to
destroy the soil. The vaporized contaminants aolected by a
mechanism called a bag house, which works much dikBlter in a
furnace. Any harmful chemicals within the contaamts collected by the
bag-house are destroyed by an afterburner. Thiseps needs to be taken
recourse to in thermal soil remediation. After irecess is complete, soil
can often be put back in place and used.

Another effective treatment for petroleum-contarteda soil is soil
washing. In this process, soil is removed and edskith a solution
typically containing mild solvents. The soil ithagitated very rapidly.
This separates the larger, contaminated particlesn fthe non-
contaminated soil. These particles are then delkand destroyed, while
the healthy soil is returned to the ground.

If higher-than-normal levels of heavy metals arespnt in the soil, they
can be harmful. An environment-friendly way of get rid of heavy
metals and pesticides is through phyto-remediation.

Phyto-remediation uses plants to decontaminatesthe Poplar and
cottonwood trees are capable of absorbing many yheagtals and
pesticides from the soil, converting them into eowmentally benign
forms. This process doesn't require removing thié fsom the site,
although it is slower than thermal remediation.

If the soil is contaminated in only a very smakamwith a small amount of
harmful chemicals, one can apply an absorbent, ascctivated charcoal,
to contain the chemical. This method is useful mtieere is an accidental
chemical-spill on the ground. Charcoal will absanbch of the chemical,
and it can then be discarded. The used charcoalldtisubsequently be

disposed in an environmentally-responsible way.
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11.8

The green belt of adequate width and density pmbfgrwith local species
should be raised so as to provide protection againsnoise, water and soll

pollution.

Occupational Health and Safety Systems

Environmental Management System (EMS) ISO 14001thadOccupational Health
and Safety Assessment System OHSAS 18001 shoulcedpdarly pursued and

monitored.
» The approval of the competent authority shall b&ioled for structural safety
of the buildings due to earthquake, adequacy effighting equipments, etc
» Regular supervision of the above and other meadaresonitoring should be
in place all through so as to avoid disturbanc¢osurroundings.
» The buildings should have adequate distances bptivesm so as to allow
movement of fresh air and passage of natural lgjhand ventilation.
» Energy conservation measures should be in place.
» Use of solar energy should be practiced to thenéxp®ssible.
» Roof should meet prescriptive requirement as peerddn Conservation
Building Code by using appropriate thermal insolati
» Use of glass should be substantially reduced sto asduce the electricity
consumption and load on air conditioning. If neeegshigh quality double
glass with special reflective coating should bedusevindows.
» Fixtures for showers, toilet flushing and drinkisigould be of low water and
energy requirements.
11.9 Data Collection, Interpretation and Analysis

A number of quality indices can be devised to tegssify and clarify the meaning

of the considerable volumes of data involved. &ample, stating that a river stretch

is in "Class B" is likely to be much more informagithan stating that this river stretch

has a mean BOD of 4.2, a mean dissolved oxygen.@f é&c. In the UK, the

Environment Agency uses a system calBgA — General Quality Assessmauritich
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classifies rivers into six quality bands - a, b,d¢,e and f based on chemical and

biological criteria.

11191 Air Quality

Air has a relatively constant composition of gaaed is utilized by most of the living
organisms in the process of respiration for theivisal. Its composition determines
its quality and due to emission of large amountunfnatural compounds in the
atmosphere (by industries and automobiles), it @mposition) has changed
considerably in the recent past. This changed tyuslia great threat to survival of
life, properties, materials and ecosystem as a avhdarious contaminants
continuously enter the atmosphere through natur@inaan-made processes and these
contaminants interact with the environment to calisease, toxicity, environmental

decay etc.

In order to arrest further deterioration of air lifya Govt. of India enacted Air
(Prevention & Control of Pollution) Act in 1981. iBhresponsibility has also been
emphasized under Environment (Protection) Act, 198&is, it has become necessary
to assess the present and anticipated air pollutioough continuous air quality

survey / monitoring programs.

11.9.1.2 Air (Prevention and Control of Pollutiofgt 1981

Government of India enacted the Air (Prevention @aditrol of Pollution) Act 1981
to arrest the deterioration in the air quality. Tdw prescribes various functions for
the Central Pollution Control Board at the apexeleand State Pollution Control
Board at the state level. The main functions of @eatral Pollution Control Board

are as follows:

* To advise the Central Government on any matter emieg the improvement of
the environmental quality and the prevention, arand abatement of pollution

» To plan and get executed a nation-wide programméht prevention, control and
abatement of pollution

» To provide technical assistance and guidance t&tae Pollution Control Board
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» To carry out and sponsor investigations and rekaalated to pollution prevention,
control and abatement

* To collect, compile and publish technical and staial data related to
environmental pollution; and

* To lay down standards for the quality of environtmerand source-emission
standards

The main functions of th8tate Pollution Control Boardsre as follows :

* To plan a comprehensive programme for preventiontrol or abatement of
pollution and to secure the execution thereof

* To advise the State Government on any matter coimgeprevention, control
and abatement of pollution

* To collect and disseminate information related rigi®nmental pollution. To
collaborate with Central Pollution Control Board pnogrammes related to
prevention, control and abatement of pollution and

* To inspect and assess environmental quality of &mdiake steps for

prevention, control and abatement of pollutiompropriate areas.

11.9.1.3 National Ambient Air Quality Standards BNZS)

The ambient air quality objectives / standards pre-requisite for developing
management programme for effective management dfiesnh air quality and to
reduce the damaging effects of air pollution. Tlhgeactives of air quality standards
are :
 To indicate the appropriate levels of air qualitythwan adequate
margin of safety to protect the public health, watien and property;
e To assist in establishing priorities for abatemantd control of
pollutants;
* To provide uniform yardstick for assessing air gyalt national level,

* To indicate the need and extent of monitoring progne;
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The Central Pollution Control Board had adoptest ikmbient Air Quality Standards
on November 11, 1982 as per section 16 (2) (hhefAir (Prevention and Control of
Pollution) Act, 1981. The air quality standards éaubsequently been revised by the
Central Pollution Control Board at various inteszal

11.9.1.4 Sensitive areas
Sensitive areas may include the following :

10 kms all around the periphery of health resodsnetified by State
Pollution Control Boards in consultation with depaent of public health
of the concerned state.

10 kms all around the periphery of biosphere reserganctuaries and
national parks, so notified by Ministry of Enviroenmt and Forest or
concerned states.

» 5 kms all around the periphery of an archeologimahument declared to
be of national importance or otherwise so notifiedconsultation with
State Pollution Control Boards.

* Areas where some delicate (or sensitive to aimytioth) crops / important
to the agriculture / horticulture of that area grewn so notified by State
Pollution Control Boards in consultation with defpaent of agriculture /
horticulture of concerned state.

* 5 kms around the periphery of centers of tourisih /aar pilgrim due to
their religious, historical, scenic or other attraegs, so notified by

department of tourism of the concerned state witheSPollution Control
Boards.

An inventory of air pollutants is a necessary fgtap towards control of air pollution.
Air pollutants can be natural or may be the restitarious anthropogenic activities
like industrial emissions. Further, the air polhits&a can be primary or secondary
depending upon their formation mechanism. PrimaWutants are directly emitted
from the source and secondary pollutants are fornmedthe atmosphere.
Meteorological factors play a critical role in ambi concentrations of air pollutants.

Even though the total discharge of air pollutamt® ithe atmosphere may remain
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constant, the ambient concentrations of air patiistanay vary depending upon the

meteorological conditions.

The air quality monitoring networks, located acrdbe country are integral to
environmental protection and efforts to protectlmubealth. The data collected from
monitors provide critical information needed to e®p and implement air quality
regulations and policies. Outdoor (ambient) air noymg networks support air

guality management activities such as :

Monitoring for compliance with the National AmbieAtr Quality Standards
(NAAQS)

« Providing public information regarding ambient qirality levels

« Measuring trends in air quality

+ Establishing relationships between exposure taifmoits and health effects to
inform regulatory decision-makers

« Developing and evaluating air quality modeling ol

To achieve these objectives, monitoring networkguire accurate and reliable

methods for collecting and analyzing air polluteamples to ensure high quality data.
These methods are the result of extensive sciemtéielopment and evaluation, and
include procedures for chemical and physical aealysf samples collected in the
field. Instruments for sample collection or foarstlard monitoring are also developed
or evaluated for widespread use. Special fieldistudre designed to validate these
methods under a variety of meteorological and gaugcal conditions and to

develop protocols for handling and shipping samples

The key questions in methodology-development akedrby the various monitoring
needs tied to compliance with the national air iqpadtandards, real time public
information, and support for atmospheric and healtsearch studies. Specific

method-development needs related to current aitguaanagement include :

+ Measurements of particulate matter (&hd PM scomponents)
+ Measurements for heavy metals in the air

+ Measurement of primary and secondary air pollutants

+ Measurement of air toxics including hexavalenoamum.
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Many of these needs are being addressed througbusaresearch programs and
related efforts such as the source apportionmeidiest, which include development
and evaluation of continuous speciation methodsleétermine the contribution of
various pollution sources to a given location. @otd indoor, or personal exposure
measurements are used to achieve these objectimdsspeciation methods while
investigating the spatial (space) and temporal g}timariability of these particles

(http://www.epa.gov/ord/ca/quick-finder/monitorisgience.hth

11.9.1.5 Monitoring Locations and Parameters

Air pollutants including Sulphur Dioxide (S Oxides of Nitrogen as NO
Suspended Particulate Matter (SPM) and Respirabipeéhded Particulate Matter
(RSPM/PM ), are monitored at selected (specified) locationBesides this,
additional parameters such as respirable Lead Hredt toxic trace metals, Hydrogen
Sulphide (HS), Ammonia (NH) and Polycyclic Aromatic Hydrocarbons (PAHare

also monitored.

The monitoring of meteorological parameters suchwasd speed and direction,
relative humidity and temperature is also integtatéh the monitoring of air quality.
The monitoring of pollutants is carried out for Béurs (4-hourly sampling for
gaseous pollutants and 8-hourly sampling for paldie matter) with a frequency of
twice a week to ensure the uniformity, consistentyair quality data and provide

technical and scientific support for operating mhenitoring stations.

11.9.1.6 Non-attainment Areas

The concentration ranges for different levels aeteded based on the Notified
Standards for different pollutants and area clabgesalculating an Excedence Factor

(the ratio of annual mean concentration of a pafltutwith that of a respective
standard).
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The Excedence Factor (EF) is calculated as follows

Excedence Factor (EF) = [Observed annual meamecdration of a criterion
pollutant / Annual standard for the respective
pollutant and area class]

The four air quality categories are :

* Critical pollution (C) : when EF is more than 1.5

* High pollution (H) : when EF is between 1.0 -;1.5

* Moderate pollution (M) : when EF between 0.56;and
* Low pollution (L) : when EF is less than 0.5

It is obvious from the above categorization, tiet locations in either of the first two
categories are actually violating the standard#hoabh, with varying magnitude.
Those, falling in the third category are meeting sitandards as of now but likely to
violate the standards in future if pollution coni@s to increase and is not controlled.
However, the locations in Low pollution categorywéa rather pristine air quality and
such areas are to be maintained at low pollutigellby way of adopting preventive

and control measures.

A wide variety of methods are available for measyitontaminants in ambient air,
with an equally wide variation in cost and preaisi8pecific monitoring methods are
chosen taking into consideration the purpose, gt and budget of the monitoring
programme. High-precision instrumental methods khdae generally used for
research studies or other specific investigatiasre there is a need to understand
the ways in which contaminant levels fluctuate odiéierent time periods (hours or
days). Ambient air quality guidelines carry reconmahed monitoring methods that
should be used for the assessment of the contateicavered by the guidelines.
Similar procedures / methods are also followed theiocountries like Australia /
New Zealand and US.

Methods that involve lower resolution instrumerdas de used for an initial screening
survey, where a detailed study is not warrantecgks&€hmay be used as a prelude to

more detailed monitoring. If contaminant levels &end to be low, then the same
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method (s) could be used for repeat surveys ovesesjuent years. Low resolution
methods are also useful for prioritising a numbleditierent areas that have already

been selected for detailed monitoring programmes.
11.10 Screening Methods

Screening methods maybe used to provide indicdta for monitoring purposes. A
screening method’s level of accuracy and precisiust be suitable for the purpose
of monitoring. Monitoring programmes should pravid good indication of where
national environmental standards are likely to beabhed. However, care must be
taken when considering whether such ambient ailitguaonitoring can be used for
the regulatory requirements of national environraksitandards. The following points

should be considered:

« Is the data sufficient and is there an approptiate average ?
- Are monitoring methods appropriate for standards ?
- Are the appropriate contaminants being monitored ?

- s it at an appropriate location ?

11.11. Environmental Quality : Measurement and Assssment
11.11.1 Air Quality

It is not sufficient to simply use an analyser thahforms to a standard: it is also
necessary to operate the analyser in accordanbethgtoperational requirements of
that standard.

11.11.1a Carbon monoxide (CO)

CO monitoring instruments are predominantly gdsrfitorrelation infrared (GFC-IR)

absorption analysers. It is also measured throughomdispersive infrared gas
chromatograph with flame ionisation detector, cecelbbchemical sensor systems.
These alternative methods, however, suffer fronargety of interfering species and

are considered less robust than GFC-IR analysers.
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In a GFC-IR analyser, ambient air is continuouslynpled using a pump unit and the
CO concentration in the sample air is measuredéybsorption of infrared radiation
at 4.5 to 4.9 nanometres (nm) wavelength. A refareshetection system is used to
alternately measure absorption due to CO in theemwhhir stream and absorption by
interfering species. An infrared detector and afigaliion system produce output
voltages proportional to the CO concentration. Thecentration is derived from the
Beer—Lambert relation :

Iy = 1o 6%
where the sample passes through a cell tube ofHetigThe analyser alternately
measures the absorptigndf the air path with no CO present and the abgworgt of
the ambient sample, with ‘a’ being the absorpti@efticient, to provide the CO
concentration, ‘c’. GFC instruments use a filtere@hto allow alternate measurement
of total IR absorption. The analyser continuallgpdiays current CO concentrations,
and, depending on the make and model of analyesr parameters can be selected

as necessary.

11.11.1b Nitrogen dioxide (N

Nitric oxide (NO) in the sample air stream reacithvozone (Q) in an evacuated

chamber to produce activated NO
NO + O3 — NO* + O, — NO, + O, + hv

The intensity of the chemiluminescent radiation)(pbvoduced is measured using a
photomultiplier tube (PMT) or photodiode detect®bhe detector output voltage is
proportional to the NO concentration. The ambientsample is divided into two
streams : in one, ambient N@ reduced to NO using a molybdenum catalyst leefor
reaction. This gas stream gives total NOhe second stream measures NO directly

by not passing through the molybdenum converter.

Separate measurements are made of total oxidagajen NQ ( = NO + NQ) and
NO. The ambient N@concentration is calculated from the differenc®©f{N NO, —
NO). This is an important point to remember, beeatl®e contaminant of interest
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(NOy) is actually measured by inference rather thaectly, and the efficiency of the

molybdenum converter should be checked on a rebaksis.

NOy analysers are equipped with either a single ooablg reaction chamber and
PMT system. A solenoid valve is used to alternatsiytch between NO and NO
measurements, typically at 15-second intervals. dimayser continuously displays
current NO, N@ and NQ concentrations, and, depending on the make anainodd

analyser, other parameters can be selected assaeges

11.11. Ozone (Q
In an Q analyser, ambient air is continuously sampled gusinpump unit. @
concentrations are calculated from the absorptibmlwaviolet (UV) light at 254
nanometres (nm) wavelength. The absorption is medsusing a UV detector. An
Os-removing scrubber is used to provide a zero rafarentensity. The concentration
is calculated using the Beer—Lambert equation :

I =lge alc
where the sample passes through a cell tube ofiéhgand the analyser alternately
measures the absorptiondf the air with no @ present and the absorptionof the
ambient sample, with ‘a’ being the absorption degfht (at 254 nm), to provide the
O3 concentration, ‘c’. The analyser continually des current @ concentrations,
and, depending on the make and model of analyesr parameters can be selected

as necessary.

11.11.1d Particles

Particles (also known as 'particulate matter' or) FdMhe term used for a mixture of

solid particles and liquid droplets suspended enah. The particles are made up of a
number of components, including nitrates and segfabrganic chemicals, metals and
soil or dust particles. Some particles, such a,dlirt, soot or smoke, are large or

dark enough to be seen by the naked eye. Othespa@mall that they are invisible.

Particle pollution includes particles with diamstethat are 10 pum or smaller

(including particles smaller than 2.5 um) and thasedesignated as R Particles
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from vehicles on dirt roads and dusty industrieschsas mining, crushing and
grinding, are generally larger than 2.5 um in disanand are included in Piy Other
smaller particles or 'fine particles' are thosenwidiameters that are 2.5 um or smaller
(designated as PM), and are commonly found in smoke and haze.

11.11.1d.1 Formation of Particles

Some particles are natural while others are geesrby human activity. Natural
sources include bushfires, dust storms, pollenssaadspray. Particles generated by
human activity can be emitted from sources sucimator vehicles, power plants,
mining and materials handling, residential woodnimg, agricultural burning, and
some industrial processes; these are known as qyripaaticles. Others are formed in
complicated reactions in the atmosphere from chaisiisuch as sulfur dioxide and
oxides of nitrogen emitted from power plants, irtdes and motor vehicles and are

known as secondary particles.

11.11.1d.2 Movement of Particles

Large particles in the air usually cause reduceibnity for a short time and settle
close to their source. Small or fine particles pamain in the atmosphere for several
days and be transported great distances from Humeirce by the wind. They are
capable of scattering light which also leads te@duction in visibility. Particles are
generally removed from the atmosphere by rain oerniiney come into contact with

surfaces.

11.11.1d.3  Environmental and Health Impacts of Paitles
11.11.1d.3a Visibility reduction
Fine particles (PMs) are the major cause of reduced visibility. Thay @lso cause

nuisance when they deposit and soil homes, bukdamgl other surfaces.

11.11.1d.3b  Health Effects

While most healthy people can breathe in small antwof particles without major
long-term effects, extreme air pollution eventstsws bushfires and major dust
storms can affect everyone. Some people (e.glrehi those with heart or lung

disease and the elderly) can be sensitive to egktively low levels of particle
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pollution. Exposure to fine particle pollution hbsen linked to a variety of health
problems including increased respiratory symptomg. (irritation of the airways,
coughing or difficulty in breathing), heart problerand premature deaths in people
with heart or lung diseases. Moreover, these heditcts depend on a number of
factors, including:

> patrticle size
intensity and duration of exposure
the chemical nature of the particles

a person’s health and

YV V V VY

weather conditions, including wind, humidity anéhfall.

11.11.1d.4  Assessment of Air Quality

Two methods can be used to collect air quality d#te ‘reference’ methodology and
the ‘continuous monitoring’ methodology. Referenceethods involve batch
collection of fine particles on filter paper ovet Bours : samples are collected and
then transported to special laboratory facilitiesweighing and reporting of results.

11.11.1d.5 Measurement of Ph

Instruments fitted with a size-selective RMnlet draw (heated subsequently to
remove humidity) a constant volume of ambient hiotagh a filter. Particles are
collected on the filter, which then increases irighe The mass of the particles is
determined. The mass is divided by the volumerasampled by the instrument over
the same time period to produce the mass/unit vel@mmcrograms / cubic meter -
ng/nt). Because the particles can include water (via oaihumidity) as part of their

mass, it is important that the inlet is heated 350 degrees C) to dry out the

particles before they land on the filter.

11.11d.6 Measurement of PMs

These instruments are fitted with size-selectidetsnand very sharp cut cyclones
(VSCC) to collect the Pl sample stream which is then heated (to reducefthets

of humidity) and passed through a filter tape. @heunt of heating is determined by
the humidity levels of the incoming sample stredine particles are deposited onto
the glass fiber tape.
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11.11e Sulphur dioxide (S©)
SO, monitoring instruments are predominantly moleclat fluorescence analysers,
which use flame photometric detector and electnoob@l sensor systems. UV
fluorescence systems operate on the principle @natmbient air sample stream
exposed to UV light excites SOnolecules in the sample to higher, but unstable,
excited states. These excited states decay, ginsegto the emission of secondary
(fluorescent) radiation :

SO, + hv —» SO — SO, + hv (fluorescence)
The fluorescent radiation is detected by a PMT,scapy an output voltage
proportional to the SOconcentration. A permeable membrane is used rtmve
interfering hydrocarbons before reaction. Ambianisadrawn through the system via

a pump unit, and the analyser continuously disptayeent SQ concentrations.

11.11f Other Recommended Ambient Air Monitoring Mehods

* Hydrogen sulphide (HS) : The recommended method is based on the
standard method for sulphur dioxide, with the addiobf a catalyst to convert
H.S to SQ.

» Lead content of PMo: The recommended method for lead content of A#
high-volume gravimetric sampling.

* Benzene and 1,3-butadiene The recommended methods for benzene and
1,3-butadiene are gas chromatography / mass spestino(GC/MS).

* Formaldehyde and acetaldehyde :The recommended method for
formaldehyde and acetaldehyde is adsorbent cagtridjowed by high
performance liquid chromatography (HPLP)

* Benzo(a)pyrene (BaP) :The recommended methods for BaP are gas
chromatography / mass spectrometry (GC/MS).

* Mercury, Chromium and Arsenic : The recommended method for mercury,

chromium and arsenic is atomic absorption speabmsc
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11.11g Additional Techniques, Summary and Overview

For PMy concentration (suspended particulate matter &ractip to 10um particle
size), theradiometric method is also used. It is based on beta-ray absorptioa i
sample captured on filtering material. The differe@metween the beta-ray absorption
of the exposed and non-exposed filtering matewdich is proportional to the mass

of the captured suspended particle matter, givestiormation on its concentration.

The tapered elememiscillating microbalance (TEOM) also measures the mass of
the sample captured on a replaceable filter acegrdo the oscillating tapered
element frequency variation. The air sample pafizesigh a filter where the dust
particles are captured and runs through a hollgpered element to a vacuum pump

with an electronic flow control.

The average dailysulfur dioxide concentrations are measured by the
spectrophotometric method using/est-Gaeke method. The sulfur dioxide is
absorbed into a sodium tetrachloromercury solu{ib@M). The compound formed
reacts in acid medium to vyield a red-purple colowhich is measured
spectrophotometrically at 586 nm. The average dailycentration is determined by
drawing an air sample (1.2 to 2.43per 24 h) through two absorbers containing
absorption solutions, placed in series. The samphpparatus consists of two
capillary absorbers, a gas meter and a membranp.piim sample must be fed to the

absorber through a teflon tube.

A spectrophotometric method usinghorin is applied at selected stations with lower
sulfur dioxide pollution levels. The air is drawn through a filtew capture solid
particles and then through another filter impregdatvith sodium hydroxide to
determine sulfur dioxide. After extraction from tligter, the sulphate ions are
precipitated with barium perchlorate. Excess bariuons are determined
spectrophotometrically at 520 nm after reactiorhwitorin. The sampling apparatus
consists of a sampling head, membrane pump andalryneter. The volume of air

drawn through the apparatus is between 2.5 and*¥&n24 hours.
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SO, and NO, concentrations are also measured by tdorimetric method.
The average daily concentration aftrogen oxides is normally measured by
modified Jakobs - Hochheiser spectrophotometric thote Nitrogen oxides are
sampled through an oxidation tube (NO present igioad to NQ). All the NG,
absorbed into the solution of sodium hydroxide wattdition of guajacol reacts in
acid medium of HPO, with a solution of sulfanilamide and N-(1-naphdhgthylene
diamine dihydrochloride (NEDA) to form a red coloiiihe intensity of the colour is
measured spectrophotometrically at 560 nm. The Baghppparatus consists of a
teflon probe, which is connected to a tube fillethwoxidation material at the
entrance to a set of two capillary absorbers caedeio series. The apparatus is then

connected to a water gas meter and membrane pump.

The concentrations dfiO3;” andHNO3 are measuredpectrophotometrically using
NEDA and sulfanilamide (Griess reaction). Nitratee captured on the teflon filter,
gaseous HR; is captured on the filter impregnated with NaCd @hen eluted by
NaOH.

The concentration aduspended particulate matteris determined by gravimetric
method. The sample is taken through continuoustfitin of ambient air on selected
filtering material (membrane with a mean pore $£6.85 um, Teflon with a mean
pore size of 1 um or glass fiber with a capturiagacity more than 99.5 %) with a
rate 33 - 55 cm’5 The filter head is turned with the open side doatra distance of
1.5 - 3.0 m above the surface. The amount of saggpéured on the filter (in pg) is
determined gravimetrically as a difference betwdenweight of the filter prior to

and after the exposure.

The concentration of metals in the air is analyz®d the atomic absorption
spectrometry (AAS) using membrane filters for sangpfollowed by mineralization
using hot nitric acid. Polarographic method andugtively coupled plasma - atomic
emission spectrometry (ICP-AES) are also usediernalysis of heavy metals or by

a non destructive method of X-ray fluorescence (XREing a Teflon filter. The
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resultant atmospheric concentration of SPM and Inrethe air are given in  ugth
and ng.nt respectively. The concentration of $0n SPM is measured by X-ray
fluorescence (XRF) method using paper filters Wiaat@0 for sampling.

The concentrations ®H3z andNH," are measured by Berthelot method. Ammonium
ions are captured on the first located teflonffjlgaseous Nklis captured on the filter
impregnated with oxalic acidyH;" ions eluated by demineralized water react with

alkaline solution of phenol and NaClO.

Volatile organic compounds (VOCs)are determined byas chromatography
method using separation on a capillary column aithair sample taken in special
steel canisters at the measuring site. The sarmadiediinto the chromatograph from
the transportation canister through a pre-conceotranit.

Persistent organic pollutants (POPs)are captured on glass-fibore and polyurethan
filters using high-volume pump sampling. After pgigation and pre-concentration,
the selected POPs are measured bycgasmatography with mass detection (http :
/[ old.chmi.cz / uoco / isko / tab_roc / 1998 enhENG / kap 01 /

komentar_1_1.html)

The monitoring methods for the above air contantsmare based on procedures
recommended by Standards Australia, the USEPA dred British Standards
Institution (BSI).

Detailed specifications for these methods can adwsey obtained from the following

websites:

- Standards Australia publications site (http://wweanslards.org.au)
- USEPA site (http://www.epa.gov/ttn/amtic)
« BSI site (http://www.bsi-global.com).
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More information on recommended monitoring methofis hazardous air
contaminants can also be found in the reports @vailfrom the website (http : //

www.mfe.govt.nz / publications / air / 11-hazardairsoct00.pdf).

11.12 Water Quality

Water quality is determined by assessing threeseta®of attributes : biological

chemica) and_physicalThere are standards of water quality set for edi¢hese three

classes of attributes. The national standards riokitig water are developed by the
Ministry of Environment & Forests (Central PolluticControl Board). All municipal

(public) water supplies must be measured agaiesetstandards.

Some attributes are considered of primary impodaandhe quality of drinking water,
while others are of secondary importance. Therefibre drinking water standards /
guidelines categorize drinking water and bathingewguality standards etc. Primary
drinking water standards regulate organic and @iy chemicals, microbial
pathogens, and radioactive elements that may affectsafety of drinking water.
These standards set a limit - the Maximum Contantihavel (MCL) - on the highest
concentrations of certain chemicals allowed indheking water supplied by a public
water system. Secondary drinking water standargslage chloride, color, copper,
corrosivity, foaming agents, iron, manganese, ogdf, sulfates, total dissolved
solids, and zinc, all of which may affect qualitielsdrinking water like taste, odor,

color, and appearance.

State agencies are responsible for monitoring pwditer supplies and enforcing the
primary and secondary drinking water standardsbge€CPCB. Local water bodies
must test and treat drinking water and maintainGR€B standards for quality. These
water bodies are also responsible for informing glelic when any water quality

standards have been violated.

Given these standards, stream and groundwaterissipgilould be of high quality.
Generally, one compares the values for the varimeasures of stream and

groundwater quality at a given time and locatiothi® average of those values across
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the entirewatershed This "average" water quality across a watersbedferred to as

the watershed's "baseline."
11.13 Biological Water Quality

Biological attributes of water can be importantigadors of water quality. Biological

attributes refer to the number and types of orgasithat inhabit a waterway. When
assessing water quality, it is also important toklat the quality of organisms that
live in a waterway. Some species are more sengdiebemical and physical changes

in their habitat than other species. If species tdad to be sensitive to pollution are

present in a waterway, then that waterway moshflikas good water quality

11.13.1 Common Biological Measures

Benthic macro invertebrates are frequently used as a biological water quality
indicator because they are abundant, easier tareafitan fish, and because they are
easier to identify than algae or protozoa. Mackeitebrate samples can be collected
using a Hess sampler in larger (fifth and sixtheoydstreams or in smaller streams.
Macro invertebrates are identified and enumerated, the number of organisms at
each site is estimated from the average of threeessize sample areas. Benthic
macro invertebrate densities are reported as thkriamber of organisms per square
meter of stream bottom. In addition to the totainter of those organisms, measures
of diversity particularly at the taxonomic level ofder should also be noted. The
Shannon index and other bio-diversity indices mesathe diversity and quality of an

invertebrate community respectively.

11.13.2 Chemical Water Quality

Chemical attributes of water can be important iattics of water quality. Chemical
attributes of water can affect aesthetic qualitesh as how water looks, smells, and

tastes. Chemical attributes of water can also aifedoxicity and whether or not it is

safe to use. Since the chemical quality of watemisortant to the health of humans

11.32



as well as the plants and animals that live in armlind streams, it is necessary to

assess the chemical attributes of water.

Assessment of water quality by its chemistry ineludheasures of many elements and
molecules dissolved or suspended in the water. @a¢measures can be used to
directly detect pollutants such as lead or merc@yemical measures can also be
used to detect imbalances within the ecosystemh $ubalances may indicate the

presence of certain pollutants.

Commonly measured physico-chemical parametersdecpH, alkalinity, hardness,

nitrates, nitrites and ammonia, ortho- and totalgptatesand dissolved oxygen and
biochemical oxygen demand. The presence of fecklfaon, a bacteria, is also
determined using a chemical test. This microscopganism is too small to detect
during the biological assessment of macro invediebpopulations. In addition, some
"chemical” measurements actually indicate the playspresence of pollutants in

water. These include measurements such as conidyeind density.

11.13.3 Common Chemical Measures

Assessment of water quality by chemical measurekides measures of various
elements and molecules dissolved or suspended iterw&hemical measures
commonly used in water-quality field surveys camed an imbalance within the
ecosystem. For instanceH identifies acid / base balance of water. Low pHuea
(indicating acidity) are particularly useful fortdeting acid mine drainage. However,
since some streams are naturally acidic, a low pekdot necessarily indicate acid
mine drainage. Conversely, in systems with higlalality - a measure of the water's
ability to buffer or resist changes in pH.

The level of nitrates in a body of water is anottleemical measure of water quality.
Nitrogen exists (in water) in numerous forms, twowtich are nitrate (Ng) and
nitrite (NO,). Of these two forms, nitrate is usually the miagportant. Nitrate is an
essential nutrient for growth of algae and otharatig plants, and can be present at
high levels due to a variety of sources. Nitrateasy difficult to measure directly. A

common procedure is to first measure the leveltoteand then reduce the nitrate to
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nitrite and measure the combined nitrite concelmatSubtracting the original nitrite

level from the combined nitrite concentration wgive the nitrate level.

Some chemical indicators are specific to particitams of pollution. For instance,
low dissolved oxygen often results from either gresence of raw sewage or acid
mine drainage. Other "chemical" measures are dgtpalsical measurements that
indicate the presence of chemicals in the watearirfstance, conductivity the ability

to conduct an electrical current - is a physicahsueement that indicates the presence
of chemical ions in the water sample. For exampleen table salt (NaCl, sodium
chloride) dissolves in water, it forms ions (Nand CP that allow a current of
electricity to pass through the water. Water dgnsitanother physical measurement
that indirectly indicates the presence of chemicale density of water is related to
salt content (salinity) and water temperature. S&@lenity of a body of water is one of

the main factors determining what organisms wilfdaend there.

11.13.4 Physical Water Quality

Physical attributes of a waterway can be importadicators of water quality. The
most basic physical attribute of a stream is thth @dong which it flows. Most
streams are classified as "meandering" or S-shdgedndering streams have many
bends. The bends are characterized by deep poaisldfwater along the outside
banks where faster-moving water scours the bankandlering streams also have
riffles along the straight stretches between pools. Thiesiappear as humps in a

longitudinal stream profile.

The S-shaped path of meandering streams prevené Wwam moving too quickly
and flooding downstream ecosystems. The deep, pobds of water provide ideal
habitat for many species of fish - even when oVvesmbam-flow is reduced. The
riffles help to hold water upstream during timedaf stream-flow. Also, turbulence
in the riffles mixes oxygen into the water. Natusaeam-channel patterns, with their
bends, pools, and riffles, are essential to deorgd®oding as well as providing a
suitable habitat for certain aquatic plants andmafs. For these reasons, it is
important to assess the physical attributes ofr@ast when examining its water

quality.
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Measurements of a stream'’s physical attributesised to describe the structure of a
sampling site. This allows for the comparison @& biota and chemistry of similarly-
structured streams at different locations. Measerdm of a stream's physical
attributes can also serve as indicators of sommdoof pollution. For example,
changes in temperatureay indicate the presence of certain effluents)emtihanges
in stream width, depth, and velocity and turbiditey indicate dredging in the area.
Other commonly measured physical characteristi@gssifeam include : elevation and
catchment area, stream order , forest canopy taaldsolids etc.

11.135 Common Physical Measures
A variety of methods exist to determine severalgatgl characteristics of surface
water within a given watershed (http://cpcb.nidMater _Quality Criteria.php) :
« Stream order
« Catchment area (square kilometers)
+ Built-up area (square kilometers)
« Percent built-up (percent)
- Elevation (meters)
- Water temperature(degrees Celcius)
« Stream width (meters)
« Average depth (meters)
«  Maximum depth (meters)
« Minimum velocity (meters per second)
« Maximum velocity (meters per second)
« Average velocity (meters per second)
- Discharge [flow] (cubic meters per second)
- Forest canopy (percent shaded)

« Water transparency (Secchi disk or turbidity tube)

11.14 Soil / Sediment Quality

Concise definitions for soil quality include “fitag for use” and “the capacity of a soil
/ sediment to function.” Combining these, soiledsnent quality is its ability to
perform the functions necessary for its intendesl uEhese functions include :
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* Sustaining biological diversity, activity, andogluctivity

* Regulating water and solute flow

* Filtering, buffering, degrading organic and inangc materials
» Storing and cycling nutrients and carbon

* Providing physical stability and support

The quality of a soil/sediment, or its capacityfdaction, is evaluated using inherent
and dynamicsoil properties. These properties serve as indisabb soil/sediment

function. Inherent, or use-invariant, soil propstchange very little or not at all with
management. Inherent soil properties form over shods of years and result
primarily from the soil forming factors : climateggpography, parent material, biota

and time.

Examples of inherent properties are soil textwpe tof clay, depth to bedrock, and
drainage class. Dynamic, or management-dependahtpreperties are affected by

human management and natural disturbances ovéwuthan time scale, i.e. decades
to centuries. Significant changes in dynamic pmlperties can occur in a single year

or growing season.

Soil indicators are often divided into physical,enfical and biological categories
depending on how they affect soil function. Howetkese categories are not always
clearly defined since a soil property or indicatan affect multiple soil functions or
categories. Depending on the indicator and the odetised to evaluate it, properties

are assessed in the field or the laboratory.

In short, soil quality is an assessment of how well performs all of its functions
now and how those functions are being preservetufare use. Soil quality or health
cannot be determined by measuring only crop ywhter quality, or any other single
outcome. For assessing soil quality certain indisaare used. These indicators are
measurable properties of soil or plants that predldies about how well the soil can

function.
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11.14.1 Useful indicators

. are easy to measure,

. measure changes in soil functions,

. encompass chemical, biological, and physical ptogser

. are accessible to many users and applicable @ d¢mhditions,
and

. are sensitive to variations in climate and managgme

Indicators can be assessed by various qualitativquantitative techniques. After
measurements, they can be evaluated through dakgsen (http : // soils.usda.gov /
sqi / assessment / assessment.html ; http :I14.@sda.gov / sqi / assessment / files /

indicator_sheet_guide_sheet.pdf ; http://soilqualig/indicators.htm)l

11.14.2 Ideal indicators should
= correlate well with ecosystem processes
= integrate physical, chemical, and biological prdipsrof the
soil & processes
= be accessible to many users
= be sensitive to management & climate
= be components of existing databases
= be interpretable

Organic matter, or more specifically soil carbon, transcends &lle¢ indicator
categories and has the most widely recognized anfta on soil quality. Organic
matter is tied to all soil functions. It affectshet indicators, such as aggregate
stability (physical), nutrient retention and avhilay (chemical), and nutrient cycling
(biological); and is itself an indicator of soil@ity. Some examples of indicators that
fall into three broad categories of chemical, pbgkiand biological, are provided
below :
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11.14.3 Indicator Categories

Chemical indicators can give information about the equilibrium betwesail
solution (soil water and nutrients) and exchangesdiclay particles, organic matter);
plant health; the nutritional requirements of plantl soil animal communities; and
levels of soil contaminants and their availabilioy uptake by animals and plants.
Indicators include measures of : (a) Electrical @antivity; (b) Soil Nitrate and (c)

Soil Reaction (pH).

Physical indicatorsprovide information about soil hydrologic charaiggcs, such as
water entry and retention, that influences avadlilgbio plants. Some indicators are
related to nutrient availability by their influen@a rooting volume and aeration
status. Other measures tell us about erosion-statlisators include measures of :

- Aggregate Stability

« Available Water Capacity

« Bulk Density

+ Infiltration

« Solil Crusts

« Soil Structure and Macro pores

Biological indicators tell us about the organisms that form the soibfeeeb that are
responsible for decomposition of organic matter amtrient cycling. Information
about the numbers of organisms, both individuald species, that perform similar
jobs or niches, can indicate a soil's ability todtion or bounce back after disturbance
(resistance and resilience). Indicators includesuess of :

« Earthworms

- Particulate Organic Matter

« Potentially Mineralizable Nitrogen

« Respiration

« Soil Enzymes

- Total Organic Carbon
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Chapter 12

Green Port Plan

121 Introduction

The Green Port Program is an umbrella program dedigo achieve the Port’s
environmental sustainability goals in six key areaster, energy, air, waste
management, sustainable development and sustaibableess practices. In many
ports like the Port of San Diego, Port's Greendyaditarted as early as 2008. The
ultimate goal of a Green Port Plan program is toies® long-term environmental,
societal and economic benefits through resourceeagation, waste reduction and

pollution prevention.

The Green Port Program unifies the Port's envirgrialesustainability goals (in many
key areas) by way of setting measurable goals aatli&ing progress in each area
on an annual basis. The program encourages cotitinuaf the Port's existing
environmental efforts and expands these efforutlin new programs and initiatives
in the following key areas (https : // www.portafisiiego.org / environment / green-

port.htmI?tmpl=component&print=1&page=) :
12.2 Energy

The ultimate goal under this area is t€onserve energy and maximize energy

efficiency of various Port operations. This cardgoiieved in the following manner :

. Reduce the Port's operational energy use
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. Conduct a pilot project to assess various applied applicable energy
efficiency technologies

. Investigate opportunities to participate in reneMamergy projects

. Conduct a solar assessment to determine optimafiéms for applying future
photovoltaic systems

. Install photovoltaic systems on the Administratiand General Services

Buildings and pursue funding for other solar prtgec

12.3 Waste Management

The ultimate goal under this area is teeduce waste from Port operations through

material reuse, recycling and composting, which tenachieved in the following

manner :

. Explore ways to enhance the composting program

. Expand collection opportunities for electronic veast

. Investigate opportunities to expand the Port'sendrrecycling program
12.4 Sustainable Development

The ultimate goal under this area is tBnhance the environmental performance of
Port buildings while maximizing long-term econoiménefits. This can be achieved in

the following ways :

. Acquire LEED certification for the AdministrationuBding.
. Acquire LEED certification for the General Servidagilding.
. Educate key Port employees on sustainable builgimgiples.

Leadership in Energy and Environmental DesigeED) is a set of rating systems
for the design, construction, operation, and maemee of green buildings, homes,

and neighborhoods.

12.5 Water
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The ultimate goal under this area is témprove water quality and reduce the Port's

water usage to preserve water supply, which caadigeved in the following manner

12.6

Conduct a sustainable landscaping project

Develop and implement a water conservation strategy

Replace plumbing fixtures in Port buildings withteraefficient fixtures
Explore opportunities to expand the Smart and Efficwater-use System on
tidelands

Air

The ultimate goal under this area is tReduce greenhouse gas contributions and

other air emissions from Port operations. This das achieved in the following

manner :

12.7

Define and publicly register the carbon and ecdalgifootprints of Port
operations, and establish goals to maintain oraedhis footprint.

Explore ways to assist tenants in measuring andicred their carbon
footprint

Monitor the Vessel Speed Regulation Program sooasontrol the speed-
dependent air-emissions

Monitor and manage shore power installation.

Sustainable Business Practices

The ultimate goal under this area is @ive equal weight to environmental, economic

and social concerns in the decision-making protssway of doing the following :

Increase opportunities for employees and the publgarticipate in the Green
Port Program to learn about ways to be more swdiben

Establish the Port as a drop-off location for a @Gumity Supported
Agriculture Program

Increase outreach efforts as part of the GreenBEthrtation Program.
Continue the Commuter Assistance Program

Expand the use of environmentally-friendly producted in Port operations.
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For monitoring and overseeing the Green Port Progthere should be a committee
called "The Green Port Program Steering Committ€lis committee should include
representatives from a variety of departments tjnout the Port and should be
responsible for overseeing decisions related ta@tez=n Port Program. The Steering
Committee should be chaired by an environmentalegxwho can manage and
coordinate the Green Port Program. This Commisteeuld also provide overall
guidance to the Green Port Program by identifyingrgties and projects, measuring
and assessing projects, and communicating thesHmagress to staff and the public.
Projects selected for the Green Port Program naisf\s the criterion of benefitting
the environment and must fall into at least onthefsix areas of focus (water, energy,
air, waste management, sustainable business msctind sustainable development),
and be above and beyond compliance. Once, thesenammrequirements are met,
projects should then be evaluated by an additis®tl of criteria, including
environmental, economic, and societal benefithefgroject, cost, educational value,

and measurability.

12.8 Air / Noise Environment : Green Plan : Some amples
Sr. No. / Likely Impacts Green Plan
Port Name /
References
1. Port of | Engine Emission (a) Use of clean fuel mixed with
Long ethanol.
Beach, * NOx that is key
California, contributor to air smog (b) Minimize incidences of
USA formation excessive smoke formation
Green Port from vessels at berth, through
Annual, « Carcinogenic risk due tp use of shore- side-power
2005; diesel particulate matter
http://www. (DPM) emissions. (c) Use of oxidation catalysts for
polb.com/ci cleaner emissions.
vica/ « SOx pollution leading to
filebank/blo formation of BSQyin air. | (d) Use of ultra low sulfur diesel in
bdload.asp? construction equipments.
BloblD=288 | . pust from handling '
4 materialssuch as grains gr(€) Use of electric power dredges.

construction materials

such as sand or cement. | (/) Establishing air monitoring
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stations.

2. Port of
San Diego,
California,

USA

Green Port
Program,
Port of San
Diego
https://www
portofsandi
ego.org/envi
ronment/gre
en-port.html

Clean Air
Program,
Port of San
Diego,
https://www
.portofsandi

ego.org/envi
ronment/cle

an-air.html;

Green house
emission from on shore
and ship engines, ajr

conditioning,

Engine emissions :
CO;, SO, NG

gasésarbon footprint management p:

CQ,

e Evaluate and estimate
carbon footprint and
establish goals to maintajn
and reduce it

* Assist employees in
reducing carbon footprint

» Clean Air Program

* Vessel Speed reductign
Program

* Reducing speeds in vicinity
of San Diego bay ; Speed
reduction zone 20 nautical
miles radius.

* Providing shore power t
vessels at berth (cold
ironing)

O

e Truck
retrofits

replacement and

« Replacement / Retrofits of
Cargo handling
equipments.
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« Integration into business
plan
3. Portof | « Human and ecologicale Older trucks replaced by
Los health risk newer cleaner  trucks
Angeles, through concessions, grants
USA . Air quality at the port and financial incentives
of the surrounding areas|
Port of Los . Paying incentives to vessel
Angeles . Energy consumption and operators to use low sulfur
Sustainabilit climate change related fuel
y  Report issues
2011 . Incentives  for  vehicles
http:/www. | . Relationship with slower than 12 knots within
portoflosang stakeholders  regarding 20 nautical miles of the port
eles.org/DO compliance of state laws
C/REPORT on Air quality . Configuration of shore side
_Port_Susta power facility
nability Rep| « Green Growth of port
ort 2011.pd infrastructure . Replacement or repowering
f cargo handling equipments
. Replacement of harbor craft
engines with better
emission standards
. Betterment of rai
locomotive engines
Initiation of regular
technology = advancement
program  for  realizing
cleaner air quality goals.
12.9 Water Environment : Green Plan : Some Exampk
Sr. No. / Likely Impacts Green Plan
Port Name /
References
1. Port of e Storm water from * Remove trash from port
Long Beach, paved port land, streets so that storm water
California, carrying  pollutants runoff doesn’t contaminate
USA from terminals, roads seawater.
Green Port and construction sites
Annual, 2005; into sea, thus - Install automatic sampling
http://www.polb inducing turbidity. devices to verify
.com/civica/ compliance with  storm
filebank/blobdlo » Vessel traffic ang water management

ad.asp?BloblD=
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2884

dredging, stirred uj
sediments, some of
which may contairj
pollutants

1=

practices.

Treatment of storm water

and water from industrig

areas rather than let |it
» Dissolved oxyger runoff from terminals.
concentration
decreases due 1o « Managing water quality
mixing of organic around dredging projects 1o
contaminants  from ensure contaminants do rnot
storm water runoff or exceed water quality
stirred benthig standards.
sediments
e Sampling and monitoring
with automatic sampling
devices for hard to sample
sites around ports
2. Port of San e General depletionand <+ Replace old plumbing
Diego, degradation of water fixtures with efficient ones.
California, quality
USA e Sustainable landscaping for
parks at ports
Green Port « Install irrigation system on
Program, Port tidelands
of San Diego
https://www.por
tofsandiego.org
environment/gre
en-port.html
12.10 Sediment and Benthic Environment : Green PlanSome Examples
Sr. No. / Likely Impacts Green Plan
Port Name /
References
1. Port of « Contamination from * Contaminated areas
Long Beach, past industrial use, returned to productive use
California, illegal dumping, oil through  “brown field
USA and storm water development”.
Green Port
Annual, 2005; « Contamination of « Removal of contaminated

http://www.polb

—

groundwater throug}

-

soil and disposed off i
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.com/civica/

filebank/blobdlo
ad.asp?BloblD=
2884 .
[Brownfield is
a term used in
urban planning
to describe land
previously usec

for industrial
purposes or
some

commercial

[®N

uses. Such lan
may have bee
contaminated

with hazardous
waste or|
pollution or is
feared to be so.]

-

percolation of
leachate

Mooring and
anchoring leads to
deterioration of
sensitive marine

animals and plants at
the sea floor.

Oil and hazardou
chemical spill near
the ports results i
contamination of se
floor.

[v)

80

approved landfill and
recycling facility.
Contaminants removed

every year and hazardo
materials are disposed
encountered.

Maintenance dredging ar
safe disposal of disposed
material.
Reuse contaminate
material as structural
material underneath pier
isolate them from rest of
the environment.

of

Land near harbors i
controlled by restrictions s
that public doesn’'t asse
contaminated areas.

12.11 Socio-economic Environment : Green Plan : Some Exgrtes
Sr. No. / Likely Impacts Green Plan
Port Name /
References
2. Port of San Diego,| « Decision  making Establishing port as a
California, USA process lacking drop-off location for,
economic and social community supported
Green Port Program, concerns. programs.
Port of San Diego|
https://www.portofsan| « Public and port e Make outreach efforts
diego.org/environment employees do nat as a part of green port
/green-port.html participate in education program.
decision making
process thus thee Expand the use of
program falls short environmentally
of achieving the friendly products in
required port operations.

sustainability.

. Port
lacking
environmental
performance

buildings|

Green  housekeepin
and green purchas
programs to be
implemented.

g

sustainablé
policy to

11%

Adapt
building
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enhance environmental
performance leading t
environmental

certification for
administrative and
service sectors.

[®]

12.12 Some Special Issues : Coal Handling

The following measures are suggested for handluad at ports :
Place for handling coal should be at least 500 raeteom Ecologically
sensitive / forest areas, historical monumentggicels places, residential and
school/colleges, railway line, expressway, statk raational highways, district
roads, water bodies like river, nallah, canal petcd Waste / barren land
should be used for coal storage purposes.
All ports and jetties must provide closed conveyelts, silos and mechanisms
for handling of coal.
Coal heap not higher than 5 meters and adjacetaindis between the heaps of
coal at least 5 meters so that there is placedpraach during fire.
Loading/unloading operation at ports / jetties atdrage yards should be
mechanized to minimize dispersion of coal dustriythese operations.
Corrective measures to resolve air pollution profdecaused at site by
handling of coal
All trucks before leaving the storage yard showdshowered with water and
covered with tarpaulin/sheet of any other suitabkgerial so that there is no
spillage.
Weighing scale should be provided at the storagd @ ensure there is no
overloading of trucks.
Top of transport vehicle shall be covered to awarig dusting of coal.
Well built paved road at ports must be providedrst there is least spillage
of coal during handling as well as transportation.
Continuous water sprinkling at regular intervalalsbe carried out at the top
of heaps and at each loading/unloading stage iragtoareas to prevent

dusting, fire and smoke.
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Sweeping of coal dust from internal and main ro@dsnsure adequate space

for movement of vehicles.

Following air pollution control measures to be pdad :

Dust containment cum suppression system for tagidnloading

Prevention of suspension of particles from heaps

Metal Road / RCC Pucca flooring at storage area

System for regular wetting/cleaning of floor area

Closed shed at the storage area
Three row plantation with tall growing tress at feriphery of coal storage
location to impede spread of coal dust during sggeraand handling
operations.
Proper drainage system so that water drained friamnlding coal heap and

runoff are collected in a common tank and releadtnt treatment.

12.13 Safety

* Adequate fire fighting measures must be adoptetuding adequate water

storage

* On site emergency plan needs to be prepared gridrimented.

12.14 Pollution Monitoring

Continuous Ambient air quality monitoring shall ene and results for SPM,
RSPM, SQ NOy NH3z shall be recorded and checked for exceeding the
prescribed limit.

In case of regular incidences of high exceedamseasures shall be taken for
pollution abatement.

In case of individual developers at port an MOUwsn port authority and
the developer shall be made for regulating polfuttontrol related activities

and implementation of environmental guidelines.
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Chapter 13
Action Plan : Recommendations

13.1 Action Plan and the Broad Areas which Need Impdiate
Attention

The present action plan is based on the princidleintegrated Management
enunciated first at the 1992 United Nations Comfeee on Environment and
Development. Mainly it includes the following peiples :
* Work together and bring various sectors and ciszen the same platform
using more open and transparent management ansbaglglystems;
» Base decisions on strong scientific advice and ystes-based approaches;
and
* Apply conservation and protection measures in therima environment
through actions such as Marine Protected Areas‘'smdrt” regulations, and
guidelines and standards to ensure marine envirotainguality with focus on
the following :

s Oil pollution, Sewage Discharges and Garbage Dalpos

%+ Marine debris

Toxic materials

Tanker spills

o
+ Ocean dumping and mining
o
o

Runoff from land and industrial wastes

So as to take care of the following :

* Major declines in fish stocks and fluctuations;

» Fundamental changes in the structure of marineystams, in the upper as

well as bottom layers of the food web;

» Shifts in major oceanographic driving forces impadby the climate change

» Persistent introduction of pollutants and invasipecies;

* Environmental / ecological risks to various marspecies;
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* Habitat alteration and degradation (in structure fmctioning);

» Contamination of traditionally harvested resourees],

» Declining biodiversity and ecosystem-productivity.

While the inherent challenges, for meeting the aboentioned objectives, are
many, Scientists and Ocean managers world-oveedges there are solutions to deal

with these problems provided there are greater atmments for the following :

* More application of ecosystem-based science to ktokarious interactions

among the diverse parts that make up the naturdéiyo

« Ultilization of scientific advice to turn informatioand research into definitive

actions;

* Deployment of modern technology to support oceamslerstanding

monitoring and management;

* Integrated planning based on clear and well-undedsécosystem principles

» Effective regulatory measures to protect the oceagsources against over-

harvest, as well as environmental degradation; and,

* Protection measures, especially the designatiomarine protected areas |in

the ocean to protect the most important, producding biologically diversg

U

areas and vulnerable species.

13.1.1 Priorities for the EMP (Environmental Management
Plan) & Green Plan

. to bring about a massive reduction in pollutiomfrearious sources;
. to protect marine and coastal habitats and thredtspecies;
. to make maritime activities safer and more consciofithe marine

environment;

. to intensify integrated planning of coastal areas;

. to monitor and control the spreading of invasivecsgs;
. to limit and intervene promptly on oil pollution.

. to promote sustainable development in the region
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13.2 Immediate (Short Term) Action Plans

* Reduce nutrient pollution to the marine environment In order to
prevent hypoxic zones and harmful algal bloomsfrient pollution (run-
off) from land-based sources to the marine environment eelee teduced.

* Reduce marine debris.The inputs of debris, especially plastics, into the
marine environment should be immediately reduced.

» Stem the increase in ocean acidificatioby reducing carbon emissions so
as to take care of national commitments under wuaricnternational
agreements on Climate Change.

» Create International State of Art and Capability to Monitor Coastal
Pollution. For this a dedicateENVIRONMENTAL MANAGEMENT
CELL (GREEN CELL) would be required with the following

composition and responsibilities :

13.3 Environmental Management Cell (Green Cell) [ENC (GC)]

Realizing the importance of protection of the eoniment, the port authorities should
constitute different groups at project, regionat &dorporate levels to carry out
specific environment related functions. ABnvironmental Management Cell
(EMC)’ overseen by atEnvironmental Monitoring Panel (EMP)’ should therefore
be immediately constituted with expert membermfagencies such as Environment,
Forest and Climate Change, Pollution Control Bodr#levant Academic / Research
and other Institutions.

The broad mandate of this panel may be to ovetseerntvironmental monitoring
cell and advise the management on environment relatetiers as and when
required. The EMC may oversee and ensure thanhteesures to be taken under the
Environmental Management Plan is implemented 8triahd to ensure that the
pollution parameters are within the prescribed témi For this purpose,
employees/groups to look after monitoring and aandf pollution, interaction and
interfacing with various agencies, compilation efewant data and publication of

reports, equipment maintenance etc. should be glanethe Environmental
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Management Cell (EMC). The EMC should be startetheinitial stages itself with

the following responsibilities :

Proper maintenance and operation

Creating environmental awareness amongst the wsyrlseipervisory

staff and contract laborers

Conducting Environmental Audits and Reporting tdllRimn Control

Board or any such authorities

Regularly monitoring the environmental parametensl greparing

reports as required by the statutory authorities.

Recommending necessary measures to improve enweram

conditions.

Advising the concerned staff and workers in mattelated to EMP of
Environmental code of conduct and in terms of nemgssteps to b

4%

adopted

Training the staff and other workers on safety roess and

conducting environmental safety drills to educhtam

13.4

Following Personnel Need to be Recruited on
URGENT basis :

. Environmental Professionals (From various discgd of
Science and Engineering)

. Documentation Officers (Youngsters (preferably aegrs
with inter-disciplinary aptitude))

. Environmental Reviewers (Senior Persons)

. Environmental Professionals (Air, Water, NoisegiSent,

Biological, Socio-economic)

. Interface (Interdisciplinary) Officers (Young otd)

With the help of the above-mentioned staff, camsly the totaCARBON AND
ECOLOGICAL FOOTPRINTS should be estimated and rexmha so as to compare
the impact of various pollution-control and asstedaremedial measure$-ollowing
projects can be undertaken (on priority basis)heyabove mentioned staff :
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Resource Conservation and Efficiency

* Implement online electricity monitoring and managenservices

* Install / Provide additional photovoltaic / solaledricity generation on

various buildings

* Review fuel consumption and introduce green prooerdg standards fg

=

motor vehicles

* Implement recycling schemes for batteries, molhengs and other electronic

equipment

Stakeholder Consultation and Relations

» Continue to host regular community liaison groupetimegys

* Improve the layout and presentation of developmantl sustainability

information on the website

» Establish Environment and Sustainability Workingp@rs

» Conduct staff environmental awareness trainingfiostaff and contractors

 Continue to run and investigate opportunities fdoaffsinvolvement in

environmental and sustainability events

13.5 Some More Areas of Immediate Concern

» Create more marine protected areas.Conserve at least 10 percent of
coastal and marineareas / effectively managed protected areas
(https://www.cbd.int/sp/targets/rationale/targetj11

* Protect coastal ecosystems that provide critical gces. Conserve at least
20 percent otoastal ecosystems, such as mangroves, tidal nsaisee grass
beds, and coral reefs, that provide critical ect@sys services. These
ecosystems provide habitat and nursery groundshéory species of marine
life, store carbon, and protect vulnerable coasslimgainst storm surges
(www.state.gov/documents/organization/228005.pdf).

 End overfishing in the oceanwith the goalof restoring overexploited,

depleted, and recovering stocks. To achieve tresywst :
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» set fishing rules based on the best available sejezven if it means foregoing

catch in the near term;

» develop fair, equitable, and transparent procedioresllocating fishing

rights;

» enforce fishing rules using all available technésgand impose meaningful

penalties on violators;

» eliminate fishery-subsidies that contribute to digbing and overcapacity of

fishing fleets; and

» require fishing fleets to use gear and fishing méghes that reduce the

by-catch of other species, waste, and discardslotd an absolute minimum,.

* Prevent illegal, unreported, and unregulated (IUU)fishing. To achieve

this, we must :

« stop illegally harvested fish from entering theeat of commerce, consistent

with international law, using all tools available;

» improve tracking of fishing vessels by ensuringt tht large fishing vessel

[72)

have obtained an International Maritime Organiza(idO) number — a uniqu

4%

and permanent identifier;

* build capacity to prevent wildlife trafficking of anine species through the
regional Wildlife Enforcement Networks and throuiTERPOL; and

e provide consumers with information to allow themctwose seafood that has
been harvested legally and sustainably.

13.6 Some Activities Which Should be Immediately Gurolled

(Managed) :

. Over loading with trucks in the freeways and neahlbod streets
. Surrounding homes coated with soot

. Asthma incidences in the neighborhood

. Containers stacking

. Amount of dredged sludge forming toxic islands

. Impact on important marine habitats
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13.7 Periority Areas Based on Data Analysis

Activity-wise :

> Vessels Operation,

> Cargo-handling

Environment-wise :

> Air Environment

13.8

Specific Short Term and Long Term Strategies

S.No.

Activity-Type

Strategies

Ocean
Vessels

Going

Short Term

* Vessel Speed Reduction

e Operational Improvements
* Clean Fuels

Long Term
* Emission Control Technologies
» Shore Power Provisions

Harbor Craft

Short Term

* Engine Replacement with Engines Meet
Cleaner Standards

e Clean Fuels

Long Term

e Emission Control Technologies

» Electrification (including Shore Power ai
Hybridization)

Cargo Handling
Equipment

Short Term

 Equipment Replacement
Meeting Cleaner Standards

» Operational Improvements

* Clean Fuels

(with  Engine

Long Term
« Emission Control Technologies

ng

nd

2S)

Heavy Duty
Vehicles / Trucks

Short Term
* Equipment Replacement (Along with Enging

Meeting Cleaner Standards
* Operational Improvements
* Clean Fuels

Long Term
e Emission Control Technologies

2S)

» Idling Emission-Reduction Technologies
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5. Light Duty Vehicles

Short Term

* Equipment Replacement (With Engines)

Meeting Cleaner Standards
» Operational Improvements
* Clean Fuels

Long Term
* Emission Control Technologies
» |dling Emission-Reduction Technologies

6. Locomotives  and Short Term
Ralil  Equipment Replacement (with Enging
Meeting Cleaner Standards
e Operational Improvements
* Clean Fuels
Long Term
e Emission Control Technologies
» Idling Emission-Reduction Technologies
7. Construction Short Term
Equipment  Equipment Replacement (With Enging

Meeting Cleaner Standards
* Operational Improvements
* Clean Fuels

Long Term
* Emission Control Technologies

2S)

2S)

» |dling Emission-Reduction Technologies

13.9 Emission-Reduction from Ocean-going VesselsOGV)

Effective Strategies Kttp : // wpci.iaphworldports.org

laphtoolbox / GreenG_conmeas.html

13.9.1 Vessel Speed Reduction (VSR)
Speed reduction down to 12 knots or lower reduc&x ffom OGVs by slowing

/

vessel speeds as OGVs are within the coastal watterport or within the port area.

Technical considerations may include updating @&gdstadars and communication

devices to communicate with local navigation andhownication centers. Vessel

speed at which emissions are lowest is based atetindata and likely to vary with

engine.
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Compliance can be assured through tariff redudhoantives, lease requirements for
renewed lease agreements, or voluntary programseorandum of understanding
with shipping companies, ports and regulatory agsncan be evolved. VSR has
many benefits. In addition to NOx, PM and GHGs as® reduced. There may also
be a fuel economy benefit. However, there couldabtiditional operational costs.
Some VSR programs have been put in place on the(ast of the United States to

protect endangered species.

13.9.2 Operational Improvements

. Reconfigure existing terminals,

. Deepen channels and berths and

. Improve inland access by rail and barge;

. Install infrastructure to support electric-drivenames;

. Significantly enhance on dock and regional railatalities;

. Invest in gate improvements; and speed up vesading and
unloading time. This further enhances air qualiyyréducing
vessel dwelling time.

The adopted design must provide a reasonable redarninvestment through
operational efficiencies, supporting a busines®,casd voluntary action. This would

result in higher efficiency and lower emissions.

13.9.3 Clean Fuels

It requires the use of lower sulfur distillate fsieh auxiliary and / or propulsion
engines of OGVs within the coastal waters of a.pdiubstantial reduction in Diesel
Particulate Matter (DPM) can be achieved if OGVe distillate fuels that have a low
sulfur content. This, inter alia, requires co-oedion amongst port-authorities, fuel
suppliers, shipping lines, and others to ensure Iswfur fuel availability.
Implementation strategies may include the use akderequirements and tariff

changes.
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There are various pros and cons. For instancetiy@msimission reduction benefits for
NOx, PM and GHGs. However, challenges may arisk {oiv sulfur fuel availability

and putting in place an on-board tank / fuelindgista Fuel contamination may also
become a problem sometimes. So regular fuel tédknog may be required for

ultra-low sulfur diesel fuels.

13.9.4 Emission Control Technologies (ECT)
Improvements in main and auxiliary engines helpuced DPM, NOx and SOx

emissions. Measures for main engine improvemenysineéude;

* Slide valves,

» Seawater scrubbing and

* Engine upgrades.

Measures for auxiliary engines include;

» Selective Catalytic Reduction (SCR) and

* Engine upgrades or repowers.

Operational and feasibility testing is required @msure the function and
appropriateness of an emission-control-technol@&yT) on marine applications. In
particular, many ECTs require exhaust gas temperatmalysis by conducting
exhaust gas temperature data logging to measurausiigas temperatures. Many
ECTs have exhaust temperature thresholds thategy@red for the operation and

effectiveness of the technology.

Emission control technologies which have been fesdtior verified by regulatory
agencies are most likely to deliver the claimed ébigh The strategy can be
implemented through lease requirements, tariff @bsirand incentives. A Technology
Advancement Program (TAP) can be so designedwtbald demonstrate feasibility
of ECTs on marine applications. The Technology Adbesnent Program (TAP)

would consider use of newer technologies.
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13.9.5 Shore Power

Shore Power focuses on reducing emissions from O@\ke at berth. This strategy
has two approaches :
» Shore-power (transferring the electrical generatieeds for OGVs while at
berth — power generated by regulated / controllatiomary sources) and
* Idling emission-reduction requirements through raléive technologies for

ships that do not fit the shore power model.

Shore power is best for OGVs that make multipldscat a particular terminal for

multiple years. The best candidates for shore p@amercontainer ships, reefer ships,
and cruise ships. For them, shore power infrasiraateeds to be provided on-dock
and on-board vessels after finding out the necggsawer needed and ensuring the

adaptability.

Some power companies operate coal-burning powemntlavithout the use of
scrubbers and other types of emission control w@dgmres. Therefore, it needs to be
ensured that the electricity-provider (power compas using a cleaner source of
energy with use of emission control technologiassdme cases, it may be better not
to use shore power if the local power company habBuing power plants.
Implementation strategies include lease requirespententives, tariff changes and

capital funding (http://wpci.iaphworldports.org/lapolbox/ogv.html).

13.10 Effective Strategies for Reducing Emissionsoim Harbour
Craft (HC)

Some effective strategies that can be applied tihesd emissions from Harbor Craft

(HC) are presented below. Some of these stratezpesalso apply to dredging

equipment.

13.10.1 Engine Replacement
* Repower HC main and auxiliary engine with cleamegimes that meet newest
national air quality standards. For example, thdtddin States has diesel

engines that meet U.S. EPA Tier Il and Tier Ill eegstandards. Replacing a
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Tier 0 engine with a Tier Il engine will reduce N@y to 47%. Tier llI
engines will reduce NOx and PM up to 90%. The EeampCommission has
an equivalent engine that meets Stage IlIA engin@ndards
(http://wpci.iaphworldports.org/iaphtoolbox/HC.hjml

* Ensure technical feasibility. This involves veryefal removal of the original
engine and replacing it with a newer, cleaner eagin

» Carry out implementation through voluntary progranmeentives, and / or

lease renewals / renegotiations.

There are some pros and cons of this strategy.aBiegl main-propulsion engines
with cleaner engines will provide great emissiomdfgs. However, cleaner engines
are costly and may cause an economic burden. Thgynavailability may also be a
concern. Destroying old engines may increase cddesally, engines should be

rendered inoperable so that they do not go on padu

13.10.2 Clean Fuels

» Use of cleaner fuels with low sulfur content. Cleafuels include : low and
ultra low sulfur diesel fuel, emulsified diesel Isie oxygenated fuel (O
(Oxygenated) diesel fuel), and biodiesel.

* Port-authorities should work out (with fuel suppdiethe availability and
supply of clean fuels. Depending on the type oawrléuel used, cleaning of
the fuel tank may be required in order to avoid Gomtamination.

* Implementation strategies may include the use agdeequirements and tariff
changes.

* There are significant positive emission reducti@mddfits for NOx, PM and
GHGs. However, the use of biodiesel may preserightancrease in NOx

and some times there may also be difficulties Wit availability.

13.10.3 Emission Control Technologies

* Retrofitting HC with the best available engine col, fuel additives and
emission control technologies (ECTSs).
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» Depending on the appropriate application of ECTT&Can include exhaust
after treatment devices such as : diesel oxidatatalyst (DOC), diesel
particulate filter (DPF), or selective catalytidduetion (SCR) or engine and
fuel efficiency technologies such as modern inje;tcomputer controls and
software upgrades, which result in more efficiemgjiee air fuel mixtures and
fuel savings.

* The engine manufacturers and distributors of ewmssiontrol technologies
can provide technical guidance to HC owners andabpes in the selection of
appropriate ECTs for their vessel.

* While evaluating different emission control teclowes, ECTs that have had
proven success with HC should be given priority preference.

» To further improve emission reductions from auxyliangines, retrofit cleaner

engines with ECTs.

Operational and feasibility testing is requirecettsure the function and applicability
of an emissions control technology on marine apfibois. In particular, many ECTs
require exhaust gas temperature analysis by coinduexhaust gas temperature data
logging to measure exhaust gas temperatures. M@ bave exhaust temperature
thresholds that are required for the operationedfettiveness of the technology.

Emission control technologies which have been foedtior verified by regulatory
agencies are most likely to deliver the claimeddbén These strategies need to be
implemented through lease requirements, tariff@bsirand incentives. A Technology
Advancement Program (TAP) can be so designed tbatdademonstrate feasibility

and effectiveness of various technologies (of E@hsinarine applications.

The Technology Advancement Program (TAP) would wmers use of newer
technologies. Looking at the pros and cons, whil@T& have positive emission
benefits in reducing particulate matter (PM), Osidef Nitrogen (NOXx), carbon
monoxide (CO) and hydrocarbon (HC), not all ECTgluee all pollutants.
Retrofitting HC with ECTs can be challenging, catedvaluation and analysis is,

therefore, a must.
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13.10.4 Electrification (including Shore Power andHybridization)

* Reduce harbor craft idling emissions by hybridimatand providing shore
power hook up .

* Similar to OGV, HC can utilize shore-power by trmsng the electrical
generation needs for HC while at berth to poweregated by regulated /
controlled stationary sources.

» Hybridization is best for HC that are in constamainsit mode. However, one

would require to determine necessary power needege@asure adaptability.

Some power companies operate coal burning powemtglwithout the use of

scrubbers and other types of emission control w@ogres. It, therefore, needs to be
ensured that the local power company is using anelesource of energy along with
emission control technologies. In some cases,betger not to use shore power if the

local power company has polluting power plants.

The HC-engine and duty cycles should be evaluaiedder to determine whether the
vessel is a good candidate for hybridization whgleurrently being developed and
used on tugboats and ferries. Substantial fuelngavcan be realized in addition to
lowering emissions by use of hybrid technology. lienpentation strategies can
include lease requirements, incentives, tariff ¢gesnand capital funding. There are
significant and positive emission reduction besefiHowever, there could be
difficulties and problems with infrastructure castd shore power hook up. Shore

power requires extensive infrastructure improvemsient

13.11 Cargo Handling Equipment (CHE)
Following are some effective strategies that caafj@ied to address diesel emissions

from Cargo Handling Equipment (CHE) :

13.11.1 Equipment Replacement with Engines MeetinQleaner Standards
. Buy new equipment with new engines rather thanwepmld

cargo handling equipment with new engines. The obghe
CHE is a small fraction of the overall life cyclests relative to
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operations and maintenance costs. The labor costerminal
maintenance shops to repower CHE also need to dierda

into the decision making process. New CHE would eamith

warranties which could lower maintenance costs.hEéeet

manager will need to consider the relative coststamnefits for
their operation.

Replace older off-road yard tractors, top picksklitis, reach
stackers, RTGs, and straddle carriers with newpsgent that
meet cleaner on-road and off-road engine standdius.main
aim is to implement the cleanest available NOXxra#gve-

fueled engine or the cleanest available NOx diasskd

engine.

In the Port of New York and New Jersey, the majumtainer
terminal operators are systematically replacingl yeactors, at
the end of their five to ten-year duty cycle, withand-new
equipment that come equipped with the cleanestablaj on-
road engines, and are doing this voluntarily.

These terminal operators are also investing hedwilgeplace
older diesel-powered gantry cranes with pieces fhature
regenerative electric capabilities. Strategy willvalve the
careful removal of original engine and replacingith newer-
cleaner engine.

Equipment which includes regenerative electric bdpes

(e.g. some of the new Rubber Tire Gantry (RTG) &l

Mounted Gantry Cranes) will increase fuel efficignand

further reduce emissions.

Implementation can be carried out through voluntangrams,
incentives, and / or lease renewals / renegotigtion

The purchase of newer cargo handling equipment rinet
cleaner on-road or off-road engine standards véthdnstrate
great emission reduction benefits. The challengg be the

availability of cleaner engines internationally.
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13.11.2 Clean Fuels

Implement the use of cleaner fuels with low sulbantent. Cleaner fuels
include; low to ultra low sulfur diesel fuel, emifilsd diesel fuels, oxygenated
fuel (O, diesel fuel), and biodiesel.

Additional clean fuel options for CHE include LN@GHBCNG.

For this, one has to work with ports and fuel sigsplon the availability and
supply of clean fuels.

Depending on the type of clean fuel used, cleawinthe fuel tank may be
required in order to avoid fuel contamination.

Implementation strategies may include the use agdeequirements and tariff
changes.

There are positive emission reduction benefits N@x, PM and GHGs.
However, the use of biodiesel may present a sligistease in NOX.
Challenges may arise with fuel availability. Moreoycleaner fuels often cost

more than standard ones.

13.11.3 Emission Control Technologies

Retrofit CHE with the best available emission cohtechnologies (ECTS).
ECTs can include : diesel oxidation catalyst (DOdgsel particulate filter
(DPF), or selective catalytic reduction (SCR).

While evaluating different emission control tectogées, consider ECTs that
have had proven success with CHE and to furtherraug emission
reductions, retrofit cleaner CHE engines with ECTSs.

Operational and feasibility testing is required d@nsure the function and
applicability of an emissions control technology GHE. In particular, many
ECTs require exhaust gas temperature analysis hgucting exhaust gas
temperature data logging to measure exhaust gasetatares.

Many ECTs have exhaust temperature thresholds ateatrequired for the
operation and effectiveness of the technology. Eimiscontrol technologies
which have been certified or verified by regulatagencies are most likely to
deliver the claimed benefits.

Implement strategy through lease requirementdf tdrarges, and incentives.
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13.12

Design a Technology Advancement Program (TAP) tiatld demonstrate
feasibility of ECTs on CHE. The TAP would considase of newer
technologies.

Applying ECTs has proved to have positive emisdi@mefits in reducing
particulate matter (PM), Oxides of Nitrogen (NOgarbon monoxide (CO)
and hydrocarbon (HC). However, retrofitting CHE WIECTs can be
challenging. Therefore, careful evaluation and ysislis a must.

Heavy Duty Vehicles like Trucks

Here are some effective strategies that can beeappb address emissions from

Heavy-Duty Vehicles like Trucks:

13.12.1 Equipment Replacement

Maximize emission reductions by replacing frequeamd semi-frequent older
trucks that service the port with newer trucks thatet cleaner engine
standards.

Retire older equipment that has visible dark sawhiag from the exhaust.
Sometimes the color of the exhaust can depict abwogerational conditions
that are of concern such as the need for filtetasgment, oil changes, and
engine upgrades.

Frequent maintenance of newer trucks is very ingodrto maintain clean
operation in addition to extending sustainableafseshicle.

Implementation strategies may include : lease reqents, tariffs, and
incentives.

There are significant and positive emission reaunctienefits.

Consider NOx reduction technologies such as SCRisean NOx Catalyst
(LNC). However, the costs of replacing engines arat vehicles may be

considerable.

13.12.2 Operational Improvements

Repower frequent to semi-frequent trucks with obgam-road engines.
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Redevelop infrastructure and use technology, sushraio frequency
identification (RFID) and optical character recdgnm (OCR), to enhance the
efficiency of gates and terminals, relieve congestind reduce emissions.
Extended / off-peak terminal hours and moving neaego to rail and water
(via short sea shipping) where feasible can alslmae congestion and air
pollution.

Cost of technology versus benefit achieved showdabconsideration in
assessing potential improvements.

Implementation can be carried out through voluntarggrams, incentives,
and /or lease renewals / renegotiations.

Some of these options involve capital investmerbers could increase
terminal operating costs. However, if designed plahned properly, it can
result in a significant return on investment due etohanced operational

efficiencies.

13.12.3 Clean Fuels

Implement the use of cleaner fuels. Cleaner fuettude : ultra low sulfur
diesel fuel, emulsified diesel fuels, oxygenateel f(O, diesel fuel), and
biodiesel.

Additional clean fuel options for trucks include GNand CNG. Port-
authorities can work with fuel suppliers on theiklality and supply of clean
fuels. Depending on the type of clean fuel usesmhg of the fuel tank may
be required in order to avoid fuel contamination.

Implementation strategies may include the use agdeequirements and tariff
changes.

There are positive and significant emission redunctbenefits for NOx, PM
and GHGs.

The use of biodiesel may, however, present a slightease in NOX.
Challenges may arise with fuel availability as oksafuels tend to be more

costly.
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13.12.4 Emission Control Technologies (ECT)

Retrofit with emission control technologies thae dess polluting. Consider
technologies that have demonstrated a historyfe€@feness and durability.
ECTs include diesel particulate filters (active grabsive), diesel oxidation
catalyst (50% PM reduction or more), selective lgétareduction (SCR),
Lean NOx Catalyst (LNC), gas recirculation (EGR)psed crankcase
ventilation systems (CCV) and or a combinationhef above.

Operational and feasibility testing is requiredetosure the functioning and
applicability of an emissions control technology the truck. In particular,
many ECTs require exhaust gas temperature andlyseonducting exhaust
gas temperature data logging to measure exhausteg@seratures. Many
ECTs have exhaust temperature thresholds thakegrered for the operation
and effectiveness of the technology.

Considerations must include duty cycle, exhaust paatures, and
preventative maintenance schedules. Emission dotéahnologies which
have been certified or verified by regulatory ages@are most likely to deliver
the claimed benefits.

Implementation may be done through lease requimésnéariff charges, and
incentives.

Design a Technology Advancement Program (TAP) tiatld demonstrate
feasibility of ECTs on trucks. The TAP would corsiduse of newer
technologies.

There are significant and positive PM, NOx, HC &1 emission reduction
benefits. However, challenges may occur while &usg@s appropriate
technologies.  Some technologies such as DPFs [snet exhaust
temperature requirements. Retrofitting may incledaust reconfiguration
and cutting of the exhaust pipe.

Emission control technologies and / or vehiclesyvar cost and can be

expensive.
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13.12.5 Idling Emission Reduction

13.13

Stationary idling emission-reduction technologieslude shore power for
trucks also known as “Truck-Stop-Electrificatiom3E).

TSE provides cab power for the truck while a triscktationed in an area for a
period of time. Reduction technologies also ineludautomatic shut down
and start up systems, battery power, auxiliary pawés etc.

Many of these technologies are onboard technolagielscould also be used
for reefer trucks.

Implementation through lease requirements, tah#frges, and incentives.
Eliminating idling time by using an idle-reductiéechnology greatly reduces
emissions that would be generated from idling. Heeve there could be
problems with its availability.

Light Duty Vehicles

Given below are some effective strategies thatbesarmmediately applied to reduce /

mitigate emissions from Light-Duty Vehicles.

13.13.1 Equipment Replacement

Maximize emission reductions by replacing lightydtrucks serving the port
with new equipment that meets cleaner engine stdada

Prioritize vehicle modernization by first replacinghicles with the highest
vehicle miles traveled or usage levels to get tiggdst emission reduction
benefit for the investment.

Retire older equipment that has higher emissiomsraare miles per year of
operation, especially any that emits visible smakéch indicates the need for
repairs such as the need for filter replacemerit,cbanges, and engine
upgrades.

Frequent maintenance of light duty vehicles andebus very important to
maintain clean operation in addition to extendiangtainable use of vehicle.
Emissions testing equipment is necessary for peady verifying the fleet

maintenance practices for minimizing emissions.

13.21



Implementation strategies may include : technicg®rt, lease requirements,
tariffs, and incentives.

There are significant positive emission reductienddits for air toxics, VOCSs,

NOx and PM. The costs of replacing engines andvebicles may, however,

be substantial.

13.13.2 Operational Improvements

Encourage more efficient use of light duty vehicles

Evaluate current usage patterns and identify oppdrés for reducing vehicle
miles through schedule revisions, ride-sharing, athér alternatives.
Implementation can be carried out through voluntarggrams, incentives,
and / or lease renewals / renegotiations.

Light duty vehicles are relatively cleaner than\heduty diesel equipment.
Therefore, the total emissions from these enging®is are relatively small.
However, emissions of toxic air pollution and vd&torganic compounds
from gasoline-fueled engines can be significant.

Some of these equipments are diesel-fueled anddcbel addressed by
strategies similar to those outlined for heavy ddigsel equipment. As
mentioned earlier, replacing older engines and clehiwith newer cleaner
equipment can improve emission reductions. Howevigternational
availability may be a concern. The costs of repig@ngines and/or vehicles

may be prohibitive.

13.13.3 Clean Fuels

Implement the use of cleaner fuels. Hybrid andebdkttric vehicles are good
choices for on terminal light duty vehicles.

Cleaner fuels include : biodiesel, natural gaspane, ethanol blends, ultra
low sulfur diesel fuel, emulsified diesel fuels,daoxygenated gasoline and
diesel fuels (@diesel fuel).

For this, port authorities can work with fuel supp on the availability and
supply of clean fuels, vehicles, and refuelingistet. Depending on the type

of clean fuel used, cleaning of the fuel tank maydquired in order to avoid
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fuel contamination. This is particularly true farefs containing ethanol or
biodiesel.

Implementation strategies may include the use agdeequirements and tariff
changes.

There are significant and positive emission reductienefits for air toxics,
VOC, SOx, NOx, PM and GHGs. The use of biodiesalydver, may present
a slight increase in NOx and there could be diffies with fuel availability
depending on international location.

Some options such as natural gas, propane or ieilgctmay require a

substantial capital investment in refueling or iepang infrastructure.

13.13.4 Emission Control Technologies (ECT)

Retrofit vehicles with emission control technolagihat are less polluting.
Consider technologies that have a demonstratedriist effectiveness and
durability.

Emission control technologies may include : digsatticulate filters (DPF)
(active and passive), diesel oxidation catalyst @@0% PM reduction or
more), selective catalytic reduction (SCR), LeanxNCatalyst (LNC), Gas
Recirculation (EGR), closed crankcase ventilatigatams (CCV) and or a
combination of the above.

Operational and feasibility testing is required @nsure the function and
applicability of an emissions control technologg. particular, many ECTs
require exhaust gas temperature analysis by conduceéxhaust gas
temperature data logging.

Many ECTs have exhaust temperature thresholds ateatrequired for the
operation and effectiveness of the technology. @enations must include
duty cycle, exhaust temperatures, and preventiveterence schedules.
Emission control technologies which have been foedtior verified by
regulatory agencies are most likely to deliver thimed benefits.
Implementation can be carried out through leasaireqpents, tariff charges,

and various incentives.
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* A Technology Advancement Program (TAP) can be blyitdesigned, which
would demonstrate feasibility of ECTs. The TAP \dbwonsider use of
newer technologies.

* There are significant and positive PM, NOx, HC &1 emission reduction
benefits. However, difficulties may be encounteradhile assessing
appropriate technologies.

* Some technologies such as DPFs have strict exhassiperature
requirements. Retrofitting may include exhausbrdiguration and cutting of
the exhaust pipe.

* DPFs require annual cleaning depending on the tdoby and can be costly.
Moreover, the costs of emission control technol®giad/or vehicles may be

prohibitive.

13.13.5 Idling Emission-Reduction Technologies

* Reduce idling emissions by using idle-reduction htedogies. These
technologies include : automatic shut down andt starsystems. These are
on-board technologies that help provide power &lhs or light duty vehicle.

» Drivers' education is a necessary and effectivepaomant of idle-emission-
reduction programs. Implementation can be carrigdlrough education and
outreach, lease requirements, tariff charges, mcehtives.

* Eliminating idling time by using an idle-reductioechnology greatly reduces
emissions that would be generated from idling. Heeve technology-
availability may create a problem for some ports. te other hand, a major
advantage of anti-idling programs for light dutyhisdes is that they can save

fuel costs with very little capital investment.

13.14 Locomotives and Rail

Following section delineates some effective stiatethat can be applied to address
emissions from Locomotives and Rail :
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13.14.1 Equipment Replacement

Replace older locomotives with locomotives that meéeaner engine
standards. New and cleaner locomotives could imclatectric or hybrid
locomotives. For example, the San Pedro Bay PdearnCAir Action Plan
requires Class | locomotives to meet EPA Tier W direr 11l engine standards.
Retire older locomotives. Implementation may inewktting an operational
agreement with the locomotive companies or creaangnemorandum of
understanding with the port, regulatory agenciesaher stakeholders.
Replacing old locomotives with newer locomotives hasignificant emissions
benefit. However, locomotive replacement is costpnd international

availability may be a concern.

13.14.2 Operational Improvements

Ports should evaluate the feasibility of increassel of on-dock and near dock
rail, address rail bottlenecks in and around pats] use of RFID (Radio
Frequency Identification) and OCR (Optical Charad®ecognition) at rail
yards.

Increasing the efficiency in how trains are stackad queued, building trains
to reduce drag and/or building longer trains foerall fuel efficiency will also
reduce air emissions.

Repower older locomotives with cleaner engines.|émgntation may include
setting an operational agreement with locomotivenganies or creating a
memorandum of understanding with the port, regwatmgencies, and other
stakeholders.

Engine repowers demonstrate great emission redudtenefits. However,
locomotive engine replacement is a costly. Purcligpsa new cleaner
locomotive may prove to be a better option. Inteéamal availability may be a

concern.
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13.14.3 Clean Fuels

Implement the use of cleaner fuels with low suléantent. Cleaner fuels
include : low to ultra low sulfur diesel fuel, emsified diesel fuels,

oxygenated fuel (@diesel fuel), LNG and CNG.

For this, port authorities can work with ports ahel suppliers on the

availability and supply of clean fuels.

Depending on the type of clean fuel used, cleawinthe fuel tank may be
required in order to avoid fuel contamination. E®IG or CNG locomotives,

a fueling infrastructure is required.

Rail/roads interested in using LNG or CNG need ¢ocbnverted to handle
that fuel type. Implementation can be carried buugh the use of incentives,
lease requirements, tariff changes, or a memorarafumderstanding.

There are significant and positive emission reductienefits for NOx, PM

and GHGs. However, fuel availability may pose sq@rablems.

13.14.4 Emission Control Technologies (ECT)

Consider retrofitting locomotives with proven enngscontrol technologies.
Some of these technologies include diesel oxidatamalysts (DOCs), diesel
particulate filters (DPFs) with PM emission redantibenefits, and selective
catalytic reduction (SCR). The use of ultra lowfeuldiesel (ULSD) fuel is
mandatory for locomotives retrofitted with DPFs.

However, at every stage, technical and operatidaakibility testing is
required. Emission control technologies which hbeen certified or verified
by regulatory agencies are most likely to deliver ¢laimed benefits.
Implementation strategies may include the use ofentives, lease
requirements, tariff changes, or a memorandum dérstanding.

There are substantial and positive emission bendfdm using emission
control technologies. However, retrofitting locoines with the appropriate
ECT can occasionally be difficult. Due to varioupemtional constraints,

some ECTs may not be appropriate depending orotmeriotive. Therefore, a
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thorough technical assessment and feasibility stsidgquired to carry out a

successful retrofit.

13.14.5 Idling Emission Reduction Technologies

13.15

Technologies include : automatic engine stop-stantrols (AESS); auxiliary
power unit (APU); diesel-driven heating systems HX); shore power plug-
in unit and a hybrid switching locomotive.

Implementation strategies may include the use ofentives, lease
requirements, tariff changes, or a memorandum dérstanding.

Eliminating idling time by using an idle-reductiéechnology greatly reduces
emissions that would be generated from regularngdli International
availability of idle-reduction technology may, howee, present a challenge
for some ports.

Applying idle-reduction technologies to locomotiven yield significant fuel

savings, which results in a significant cost sasing

Construction Equipment (CE)

Following are some effective strategies that can dpplied to address diesel

emissions from construction equipment.

13.15.1 Equipment Replacement

Replace older on-road and off-road excavatorstdrac compactors, earth
movers and cranes with new equipment that meehetean-road and off-road
engine standards.

Implement the cleanest available NOx and PM altaeredueled engine or the
cleanest available NOx diesel-fueled engine.

Implementation strategy will involve carefully remiog the original engine
and replacing it with a newer-cleaner engine thhowgluntary programs,
incentives, lease renewals / renegotiations amadntractual agreements.
The purchase of newer construction equipment thetmleaner on-road or
off-road engine standards will demonstrate greas&on reduction benefits.
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However, there may be some difficulty with the itakdlity of cleaner

engines internationally.

13.15.2 Operational Improvements

Repower construction equipment with cleaner on-raad off-road engines.
Strategy would involve carefully removing the onagi engine and replacing it
with a newer-cleaner engine

Implementation through voluntary programs, incesdivlease renewals /
renegotiations and / or contractual agreements.

Repowering older diesel engines with cleaner omtimaoff-road engines can
greatly improve emission reductions. However,rimiéonal availability may

be a concern.

13.15.3 Idling Emission Reduction Strategies

Reduce idling emissions by automatic shut downstad up systems. These
are on-board technologies that help provide powéné equipment.

Operator education is a necessary and effectivgponant of idle-reduction
programs. Test feasibility of idle-reduction teclugy on construction
equipment and implement the strategy through edwcaind outreach, lease
requirements, tariff charges, and incentives.

Eliminating idling time by using idle-reduction paés, education and
technology greatly reduces emissions. However riateonal availability of
technology tools such as on board computer systethsanti-idling settings
may create a challenge for some ports.

A major advantage of anti-idling programs for coustion equipment is that

they can save fuel costs with very little capitalestment.

13.15.4 Cleaner Fuels

Implement the use of cleaner fuels with low sulbantent. Cleaner fuels
include : low to ultra low sulfur diesel fuel, emiiled diesel fuels,

oxygenated fuel (@diesel fuel), and biodiesel.
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Port-authorities can work with fuel suppliers oe tvailability and supply of
clean fuels. Depending on the type of clean fuetlusleaning of the fuel tank
may be required in order to avoid fuel contaminatio

Implementation strategies may include the use a$derequirements, tariff
changes, or contractual agreements.

There are significant and positive emission reductienefits for NOx, PM
and GHGs. The use of biodiesel may, however, pteseslight increase in

NOx and challenges may arise with fuel availabiihd cost.

13.15.5 Emission Control Technologies (ECT)

Retrofit construction equipment with the best afal® emission control
technologies (ECTs). ECTs include; diesel oxidatatalyst (DOC), diesel
particulate filter (DPF), or selective catalytiduetion (SCR).

While evaluating different emission control tectogées, consider ECTs that
have had proven success with construction equipnssmilar to the
construction equipment under evaluation. To furtheprove emission
reductions, retrofit cleaner construction equipnmengines with ECTSs.
Operational and feasibility testing is requiredetosure the functioning and
applicability of an emission control technology @omstruction equipment. In
particular, many ECTs require exhaust gas temperatoalysis by conducting
exhaust gas temperature data logging.

Emission control technologies which have been foedtior verified by
regulatory agencies are most likely to deliverdl@@med benefits.

Implement strategy through lease requirementdf tdrarges, incentives and /
or contractual agreements.

Applying ECTs has various positive emission besdfitreducing particulate
matter (PM), Oxides of Nitrogen (NOx), carbon moidex (CO) and
hydrocarbon (HC).

However, retrofitting construction equipment witiCEs can be challenging,

careful evaluation and analysis is, therefore, atmu
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13.16 Garbage Management Plans

New international regulations requiring a Garb&gagement Plan for preventing
marine pollution came into effect in 2013. The nexguirements are part of the
International Convention for the Prevention of Bodn from Ships (MARPOL),
which is in force in 151 countries. A shipowner gecator of a commercial or
recreational vessel is now required to carry orrdb@aGarbage Management Plan in
accordance with the regulation (http://www.amsa.gok
Marine_Environment_Protection / Garbage_managerp&nt). All boat operators
need to manage the use and disposal of all garbagerated onboard correctly.
Types of waste that need to be disposed of ap@atepyiinclude : food waste, paper
products, rags, glass, metal, bottles, crockerye wesidues, fishing gear, nets, bait

boxes, wood products, packaging material, deck ginge and all types of plastics.

Most of our garbage today is made from non-biod#agjoke products such as plastic,
which persists in the marine environment for maegprg. Garbage is hazardous to
marine life and all users of the waterways. Someimaaanimals and seabirds can
mistake plastic material for food. Others becom@amgled in garbage causing a slow
and painful death. Ropes and plastic material eancgught in propellers and block
water intakes causing major damage or even losscoine while a boat is out of

service for expensive repairs.

Paint scrapings and residues that enter the water liull-maintenance activities are
also classified as garbage pollution. If not properontrolled, hull-maintenance
activities including scraping, sanding, pressurehirag and painting can put toxic
pollutants into the marine environment. Followirrg #ghe best practices to minimise
potential impact on the marine environment and tekguld be put in vogue on

priority basis :

13.16.1 Short Term and Continuous Action Plans
. Major maintenance activities should be conductedlasd or in a

commercial slipway.
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. For cleaning purposes, least toxic substances asgbhosphate-free
and biodegradable soaps should be used. Alteasativ antifouling
paints should be used.

. Drop cloths should be used to catch sawdust, sayapipaint chips,
debris or drips and so on, when conducting vess@htenance.

. Mechanical sanders/scrapers equipped with vaculgs & effective
at removing paint in a way that prevents the spaatluist, debris and
residue into the air and into the marine environtmen

. All waste products and materials should be disposéd into
appropriate receptacles. Boat operators should timaw anything
overboard and should have secure bins or garbage tma store

garbage onboard.

. Stores should be bought in bulk to reduce the amotipackaging
taken onboard and reusable airtight containersidhmeiused to store
food-items.

. Crockery , cups, plates and cutlery should besn$able kind. In case,

garbage inadvertently ends up in water, it shdwddretrieved and

appropriately disposed.

13.17 Oil and Chemical Pollution : Short Term and

Continuous Action Plans

Most of the oil and chemicals (petrol, gear box oibtor oil, two-stroke oil, diesel,
hydraulic oil, cooling system additives, cleanirgeats, degreasers, acid and paints)
in waterways come from refuelling, boat maintenaacd bilge discharges. These oll
and chemicals can be toxic to marine and humanTifeis our waterways must be
protected from this pollution. All boat operatorsed to use and dispose of onboard

oil and chemicals correctly and safely.

Once these toxins enter our waterways they havpdtential to retard or prevent the
reproductive development of many marine animalsclwvban have a cascading effect
through the entire food-web of the marine ecosysiétimen consumed, contaminated
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fish stocks and filter feeders such as oystersrmandsels can also pass on harmful

chemicals to humans.

Thus, absorbents should be used to mop up excesws diel. Bilges should be
washed with biodegradable degreasers or detergadtsubsequently disposed of. If
oil does spill into the water, it should be moppgdby using appropriate absorbents
and the regional harbour master or appropriate @ottority should be informed
about it so that it can be cleaned up as soon sslpe. Dispersants or other cleaning
chemicals should be avoided because they can setba toxic effects of oil spills.

Moreover, following steps must be followed and adddo :

. During the time of refuelling, it must be ensurédttthe nozzle is properly
inserted into the filler before starting the purhixewise the pump should
always be turned off to ensure that the flow oélfhhas stopped before
removing the nozzle.

. The capacity of fuel tanks should always be chedbeidre refuelling and
overflow should always be avoided.

. Bilges must be cleaned before discharging andpweeation of bilge pumps
should be so as to ensure that no oil should lwhaiged with bilge water.

. Residues of degreasers or detergents, includindegradable products (used
for cleaning the bilge) should not be discharged the waterways.

. Absorbents should be always used to clean wastiooil the bilge. Oil and
fuel leaks should be repaired as soon as theyratabticed.

. For deck scrubbing only clean water should be @setichemicals should be
used only for severe staining. The product inforomashould be always read
before its use. If it is toxic to humans, it stebulot be used. Phosphate free
biodegradable detergents should be used.

. Absorbent material should always be onboard toncigaany accidental spills.
In case, oil or chemicals get accidentally disgkdr into the water, the
regional harbour master or appropriate port autyatould be immediately

informed so that it may be cleaned up promptly.
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13.18 Sewage Management : Short Term and Continuous

Action Plans

The discharge of sewage from boats contributesdaaed water quality, poses
a human health risk and decreases visual aesthaftiegaterways. Sewage
discharged can be grouped under two categories tre@ted sewage or (ii)

untreated sewagd.reated sewage is one that has passed throughberaran

sewage treatment systeniJntreated sewage (or raw sewage) is the sewage

that has not passed through a treatment systens iEhisewage that is
discharged directly from a toilet into a waterway &reas where discharge is
permitted) or contained in an onboard holding tafiky untreated sewage,
before its discharge even in the permitted zonestniiost pass through a

macerator.

13.18.1 Types of Vessels and Sewage Treatment

While, non-declared ships, include all recreatioredsels and all class 2 and
class 3 commercial vessels, a declared ship iass dl commercially registered
passenger carrying vessel fitted with a toiletrdoognition of their potentially
greater sewage generating capacity, declared gmpst adhere to more

stringent sewage discharge requirements. Thesgdicl

. the ship must be fitted with a sewage holding devic

. the ship must carry a sewage disposal record book

. the ship must havesaipboard sewage management plan

. if the ship is fitted with a treatment system, melsomust be

kept for allassessment and maintenance of the treatment

system.

13.18.2 Types of Discharges
Sewage may lawfully be discharged from a toiletngearently fixed onboard
any ship into waters outside of designated nilltasge waters, provided it first
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passes through a macerator that effectively redtleessolid wastes in the
sewage into at least a fine slurry (by means swlgranding, shredding or

pulping). Macerated sewage is, however, not tres¢edige.

Prohibited discharge waters are waters where istigctly prohibited to
discharge any sewage. By definition, these watetgsally form part of the
larger designated nil-discharge waters. The digghaequirements for the
remaining areas of nil discharge waters (that isida prohibited discharge

waters) are as follows:

» Absolutely no untreated sewage may be dischargad aany ship into any nil-
discharge waters.
 Treated sewage may only be discharged beyond tlexarg precautionary

discharge distances from sensitive areas.

13.18.3 International  Maritime  Organization MARPOL  Sewage
Treatment Systems

It should be noted that a sewage treatment systatnhias an International
Maritime Organization (IMO) type approval and thelewant supporting
documentation is deemed to comply with the Gradesefvage treatment
system. As such, these systems may be lawfullyaliest and operated in
accordance with the requirements for a Grade A gewieeatment system.
Advice on the grade of a particular sewage treatnsgatem (or any other
relevant sewage treatment matter) should be olatdioen any of the system

manufacturers and/or their agents or distributors.

13.18.4 Sewage Management Options

The legislative requirements stipulate where sewdigeharges cannot occur

(that is nil discharge waters) and offers boatersvamiety of sewage
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management alternatives to achieve compliance miitbischarge provisions.

The available sewage management options include

» the use of onshore facilities (such as public tejle

» the use of an onboard portable toilet for latepdsal ashore or in open waters
where discharge is permitted

» the use of an onboard sewage holding tank for ldiggosal ashore where

pumpout facilities are provided( http://www.msq.qld.gov.au/Marine-

pollution/Sewage.aspx#pumpoutfacilities ) or in mpeaters where discharge
IS permitted

» the use of an onboard sewage treatment system.

» Boaters need to ensure sewage is managed appebpreid that any
discharges are made in compliance with these reapints. Integral to

this preparation is the need for boaters to givefohconsideration to

. the type of waterway in which their boating aciest

will take place

. the number of people that they intend having ondboar
their vessel
. the amount of time to be spent boating in the wario

different waterway types
. the discharge requirements of those waterways (ghat

nil discharge waters).

Regardless of vessel type or area of operatiorveatsel owners and operators
should ensure that all toileting arrangements @seis be installed or modified

by suitably qualified personnel and conform to thenimum requirements

outlined
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13.19 Future (Continuous) Activities

* Evolve and adopt appropriate work-plans for aclmgviargets in different

areas

* Formulate guidelines / manuals for various actgitand the procedures to be

followed in the implementation of the programme

S

» Create the budgetary provisions for different (gespecific) activities ang

their work plans

» Continuous review (at regular intervals) of thegress made in implementing

[¢2)

various programmes and careful evaluation of th&ults by appropriat

environmental agency

13.20 Ecosystem Assessment Reports (Health Cardshda

Integrated Management

These reports should address the ecosystem cemsoand properties, causality
and pressures, land-water interface, and watentguélverviews and assessments
will assist stakeholder advisory bodies in makiagopmmendations and governments
in making management decisions on long-term enwental trends. Resources
should be used to gather and analyze existing tdttemformation, including the

assistance of scientific experts.

Ecologically and biologically significant areasosld be identified so as to evolve
measures required for marine protected areasiespat risk, and critical habitat etc.
Resources should be used to develop criteria terdiitiate areas; identify significant
features relative to the structure and functionagigan ecosystem and vulnerable

areas; establish priorities; and, determine appaxtgomanagement options.

Seabed mapping should focus on providing imagethefseabed characteristics and
features. For high priority areas, seabed mappiiigh&lp in increasing scientific

understanding of the physical environment and aatamt habitats to support
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integrated management planning and the identiioatf marine areas in need of
protection. These activities should include : pwdg maps, data bases and reports;
conducting surveys to collect data; and developief accessible databases and data

collection.

This initiative would be an innovative way to apmgosystem-based management
approaches. It involves the development of objestibased on an understanding of
the ecosystem. The aim would be to maintain thelibassity, productivity and
physico-chemical properties of marine ecosysterhs. activities of oceans users can
be assessed against these objectives to identifyiggble types and levels of activity
as well as measuring the effectiveness of marinar@mmental regulations and
protection measures and the impact of oceans dawelot. Ecosystem objectives will
inform oceans management and marine environmemtakgiion by guiding the
activity of industry and other stakeholders, whaum make recommendations about
marine environmental quality and indicators of pesg to oceans decision-makers

(www.dfo-mpo.gc.calcears/publications/oap-pao/pdf/oap-eng.pdf.)
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