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FOREWORD 

Witb a view to mitigating the chronic power shortage in the State, the 

Kamataka Power Corporation Limited ( KPCL), Bangalore proposes to tap the large 

hydropower potential of the westflowing Mahadayi (Mandavi) river. The Mahadayi 

Hydro Electric Project (MHEP) envisages construction of three dams across the main 

river, four diversion dams on its tributaries, and three underground power houses 

with a total generating capacity of 345 Mw. The Government of Karnataka has also 

proposed to divert 255 Meum of water from the Mahadayf basin to the adjacent 

Malaprabha basin for irrigation purpose. To ensure that the proposed developmental 

activities are sustainable and environmentally sound, and that the environmental 

consequences are recognised early and mitigation measures integrated in the project, 

the KPCL retained the National Environmental Engineering Research Institute in 

July 1995 to conduct EIAfor the Project. 

This comprehensive EIA report is presented in two volumes. Volume I forms 

the main report, and presents the baseline status of the environmental components in 

the project area, viz. air, water, land, biological and socioeconomic aspects. 

Significant potential impacts during preconstruction, construction and operational 

phases of the MHEP have been identified, predicted and evaluated. An Environmental 

Management Plan for mitigating adverse impacts and maximising beneficial impacts 

has also been delineated. Volume II contains the annexures to the main report 

including data generated during November 1995 to October 1996 on the ecology of 

the Mandavi in Goa . 

The co-operation and assistance rendered by the officials of KPCL and the 

Irrigation Department, Government of Goa in the completion of this study are 

gratefully acknowledged. Thanks are also due to the officials of a number of 

organisations who readily furnished information for the study. 

Nagpur 
September 1997 
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AAQS Ambient Air Quality Status 
ALWG Average Linkage Within Group Method 
AQMS Ambient Air Quality Monitoring Station 
ASP Activated Sludge Process 
BFDA Brackishwater Fish Farmers Development Agency 
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GOI Government Of India 
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ISO International Organisation of Standards 
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\ •• 1/ lVI Importance Value Index 
KPCL Karnataka Power Corporation Limited 
KPCB Karnataka Pollution Control Board 
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ACRONYMS USED (CONTD ... ) 
·I ·,-

lps litre per second 
MCE Maximum Credible Earthquake 
Meum Million cubic meter 
MEF Ministry of Environment and Forests 
mg milligrams 
MHEP Mahadayi Hydro Electric Project 
min minutes 
mld million litres per day 
nun millimeter 
MSL Mean Sea Level 
mS milli Siemens 
MW Mega Watt 
m meter 
NGO's Non Governmental Organisations 
NTU Nephelometric Turbidity Unit 
NWDA National Water Development Agency ;.-

PAP Project Affected People 
PAV Project Affected Village 
PET Potential Evapotranspiration 
PHC Public Health Centre 
ppm parts per million 
ppt parts per thousand 
PWD Public Works Department 
QOL Quality Of Life 
R&R Rehabilitation and Resettlement 
sec seconds 
SHW State Highway 
SPCB State Pollution Control Board 

.., 
SPM Suspended Particulate Matter 
SPSS Statistical· Package For Social Sciences 
sq.km square kilometer 
TMC Thousand Million Cubic feet 
TOR Terms Of Reference 
TSS Total Suspended Solids 
Tlha Tonnes per hectare .'",)-

UGPH Under Ground Power House 
UPGMA Unweighted Pair Group Method Arithmetic Averages 
US EPA United States Environmental Protection Agency 
WASP Water quality Analysis and Simulation Programme 
yr year 

Jlg microgram 

JlS micro Siemens 
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1. Introduction 

1.1 Preamble 

The state of Karnataka has been a pioneer in power generation from the early 
20th century till the 1960s. The state set up the first hydel power station of 42 MW 
capacity as early as in 1902. Due to rapid industrialization, increased energy 
consumption in agricultural sector and closure of some of the hydro electric projects, 
the state has been experiencing severe power shortage continuously since 1972. Of 
the total. power generated in the state, 2524.75 MW is hydro power while thermal 
power constitutes 967.92 MW. The power scenario in the state of Karnataka is 
presented in Table 1.1. 

The estimated hydel power potential in the state is about 7750 MW of which 
only 2524.75 MW has been harnessed so far. The ongoing hydel power projects viz .. 
Kodasalli, Kadra, Sharavathi Tail Race, Brindavan and Badra (additional unit) would 
contribute 528 MW to the state grid. Despite continuous efforts by the state to 
maximise import of power from the neighbouring states/central projects, there has 
been a persistent shortage of power supply (Table 1.2). The demand for energy at the 
end of Vlllth Plan has been of the order of 24,275 million units as against the tcital 
availability of 13,275 million units. Thus, there is a gap of 11,000 million units per 
annum.between the demand and supply. 

As part of the efforts to mitigate the power shortage in the state, the 
Government of Kamataka has proposals to tap the large hydro power potential of the 
west flowing Mahadayi river. The installed capacity of Mahadayi Hydro Electric 
Project (MHEP) would be 345 MW. The annual energy generation from this project 
would be 828 MU. The project envisages construction of three dams on the main 
river, four diversion dams on its tributaries, diversion tunnels/channels, water 
conveyance systems, an underground power house and two dam site power houses. 
The Government, under GO No. PWD.132.PPC 88 dt. 5.11.88 has oirected the 
Kamataka Power Corporation Ltd., (KPCL) and the Irrigation Department to provide 
in the project for diversion of 113 Meum of water from Kotni reservoir to Malaprabha 
river to augment the irrigation potential of the Malaprabha irrigation project. In 
addition, 142 Meum of water from the Haltar, Kalsa and Potli nalas is proposed to be 
diverted to the Malaprabha sub-basin for irrigation. The schematic of the proposed 
MHEP is depicted in Fig. 1.1. 

As per the Ministry of Environment and Forests, Government of India 
guidelines for major developmental projects, environmental impact assessment (EIA) 
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Table 1.1 

Power Scenario In the State of Kamataka (March 1995) , 

Sl, Item lnstall=pacity I 
No.· 

1. KPCL stations including thermal stations 3126.15 

2. Kamataka Electricity Board stations 348.52 

3. Privately owned stations 18.00 

4. Central share 729.00 

Total 4221.67 
----- -- --

Source : KPCL 

;. 

Table 1.2 

Power Requirement I Supply in Kamataka 

Sl. Item Power 

No. (MW} 

1. Power Requirement 3980 

2. Availability including central share 3224 

3. Deficit 756 
\ 

4. Percent Deficit 19 

Source : KPCL 
-)-
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is mandatory and should form an integral component of the feasibility study. In 
keeping with this requirement, the KPCL, the project proponent, has retained the 
National Environmental Engineering Research Institute (NEERI) to prepare the 
Comprehensive EIA report for the proposed Mahadayi project vide their Work Order 
letter No.CUI FJMHDIENV dt.April6, 1995. 

1.2 Objective of the study 

The objective of the study is to ensure, through the following steps, that the 
developmental options under consideration in the MHEP are environmentally sound 
and sustainable and that any environmental consequences are recognised early and 
integrated in the project design. 

* 

* 

Assessment of the existing environmental status covering major 
environmental components (water, land, biological, socio-economic, health 
and cultural) of the project area in Mahadayi river basin in Karnataka and Goa 

Identification of potential impacts on various environmental components 
during pre-construction, construction, and operational phases of the project 

* Prediction of significant impacts through identification, calibration and 
validation of appropriate mathematical /simulation models 

* Quantitative evaluation of impacts of the project through appropriate 
evaluation techniques 

* Preparation of an Environmental Management Plan (EMP), outlining control 
strategies to be adopted for minimising adverse impacts, and to delineate post­
construction environmental quality monitoring programme to be pursued by 

the project proponent 

The detailed Terms of Reference (TOR) for environmental assessment of the 

project are at Annexure 1.1. 

1.3 Scope of Work 

In keeping with the TOR, the broad scope of work under each environmental 

component is as under: 
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1.3.1 Air and Noise Environment 

* 

"' 

* 

Assessment of ambient air quality, collection and compilation of 
meteorological data 

Estimation of changes in microclimate due to enhanced evaporation losses 
and atmospheric humidity arising from the proposed impoundments 

Prediction of impacts arising out of inc,rease in noise levels, dust 
concentration, and fugitive emissions during construction activity 

1.3.2 Water Environrn~nt 

* 

* 

* 

* 

* 

* 

* 

* 

Study of surface and ground water resources with respect to quality and 
. quantity in relation to the geomorphological/ geological setting and climatic 
features of the study area 

;_. 

Estimation of possible siltation in the river /reservoir(s) 

Prediction of the impact of the project on existing/proposed drinking water 
supply/irrigation schemes dependent on Mahadayi river 

Identification and study of water holes 

Prediction of changes in salinity of river water and water quality in the 
reservoir( s) 

Overall impact of the project on the naturally established river regime 
upstream and downstream of the dam site(s) 

Prediction of impacts of the projects oil natural process of sand 
replenishment along the beach ecosystem of Goa, sand bar formation at the 
mouth of rivers, general navigation and.navigability of Cumbrujua canal 

Impact on environment and wild life due to partial diversion of yield from the 
catchments of Kalsa, Haltar and Potli in Kamataka to Malaprabha river 

1.3.3 Land Environment 

* Study of land use pattern, physiography, soil quality, land capability and 
irrigability classification of soil~ including identification of tidal marshes/wet 
lands and saltpans likely to be affected in the project area 

1-5 
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* 

* 

Prediction of impact on agricultural production in flood plain /Khazan paddy 
lands in Goa 

Prediction of loss of mineral resources due to impoundage and construction 
activity 

Identification of the effects of seismicity in the region due to the recent 
earthquake at Killari (Maharashtra) and recommendations for safety measures 
in the design, construction and maintenance of structures 

1.3.4 Biological Environment 

* 

* 

* 

* 

* 

* 

Collection of available information on flora and-fauna, including rare and 
endangered species in the project area 

Assessment of species diversity, density, abundance and vegetation cover in 
the project area 

Suggestions for compensatory afforestation 

Assessment of the ecology and biology of creeks, backwaters and streams 
influenced by tidal action; and mangrove ecosystem of Mandovi river 

Estimation of anticipated impacts on fisheries and other useful aquatic flora 
and fauna and the. mangrove ecosystem due to the proposed project 

Prediction of the natural process of dilution of salinity during monsoon, and 
the consequent influence on mangroves, fish breeding and other marine life 
processes 

1.3.5 Socio-economic, Health and Cultural Components 

* 

* 

* 

Collection of baseline data on demography, infrastructure, economy, health 
status of community, and existing facilities for social welfare and health care 

Estimation of disruption in social life due to relocation of human. settlements 
and assessment of rehabilitation requirement 

Assessme~t of existing quality of life in the project affected villages and 
anticipated changes in the same due to the proposed project 

1-6 
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* 

* 

* 

* 

Collection of baseline data on prominent endemic diseases, and morbidity and 
mortality rates in the project area 

Prediction of impact due to change in population, density, and distribution of 
e!!'igrant t.:onstructio!! ~J?orkers 

Assessment of aesthetic impairment due to the proposed project activities 

Collection of information relating to monuments/sites of cultural, historical, 

religious, archaeological or recreational importance including wild life 
sanctuaries and national parks likely to be affected by the proposed project 

1.4 The Study Area 

The study area encompasses the area within the states of Kamataka and Goa 
along the course of the river Mahadayi, from its origin in Khanapur taluka of 
Belgaum district, and the catchment area of the river which is proposed to be tapped 
for the proposed developmental activity. Also areas of concern are, sites for dams/ 
diversions/ power houses/ rehabilitation townships, areas surrounding the dam/ 
diversion sites and submergence areas. 

The land environment covers a catchment area comprising 500 m/5,000 m on 
either side and all along the stretch of the Mahadayi/ Mandovi river and estuarine 
region. The river ecosystem in Goa has been studied in detail. 

* 

* 

* 

* 

Inventory of sources for data acquisition 

Discussions with the officials of agencies/ departments identified for the 
project implementation 

Field visits to the project area for collection of baseline data during the three 
seasons 

Collection of monthly water samples at various locations in river Mahadayi/ 
Mandovi in Goa region to study ecological aspects 
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Socio-economic survey of the population in the project area 

l 

Desk work on identification of impacts due to the various project activities, 
prediction and evaluation of these imp~cts including C()mputer modelling 
studies, and preparation of environmental management and monitoring plan, 
for eliminating/ mitigating adverse impacts, if any .. 

Organisation of the report 

This comprehensive EIA report is presented in two volumes; volume I forms 
the main report and volume II contains the Annexures to the main report including 
data generated during November 1995 to October 1996 on the ecology of the 
Mandovi in Goa. The executive summary is presented separately. 

Volume I of the report addresses issues pertaining to the impacts of the 
proposed Mahadayi Hydro Electric Project on the environment and ecology of the 
river Mahadayi, the area on either side of the river in the states of Kamataka and Goa 
as also the project sites where the proposed coT)struction activities are to be 
undertaken, and the submergence areas. The report, presented in eight chapters, 
commences with an introduction to the project (Chapter 1) including its background, 
objeetives and scope. 

Chapter 2 presents a resume of the institutional, legislative and regulatory 
considerations for environmental assessment of developmental projects at 
international, national and state levels, and the procedures involved in the clearance of 
projects by the competent-authorities. 

Chapter 3 describes the project setting and brings out details of the proposed 
components of the project including, the alternatives considered, the construction 
schedule and the estimated cost of the project. 

Chapter 4 presents the baseline environmental status of the study area with 
respect to air, water, land, biological and sociocultural components of the 
environment. 

Chapter 5 deals with the identification of environmental impact~ due to the 
proposed project activities through impact net works with focus on significant 
impacts. 

Chapter 6 presents the prediction of impacts due to the proposed construction 
activities and due to the altered flow regime in river Mahadayi (Mandovi) following 
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the construction of dam:-, across l"he \'iver in Karnataka fhrough appropriate modelling 

studies. 

Chapter 7 presents der«ikd environmental management and monitoring plan 
for the pre-construction, construction and post-construction phases to be implemented 

by the project proponents and various government agencies. 

Chapter 8 on environmental impact statement summarises the major 
environmental impacts due to the proposed MHEP, impacts prediction for major 
environmental components and the environmental management plan . 
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2. Institutional, Legislative and Regulatory Considerations for 
Environmental Assessment 

2.1 Generai 

The purpose of Environmental Assessment (EA) is to ensure that the 

development options under consideration are environmentally sound and sustainable, 

and that any environmental consequences are recognised early in the project cycle and 
taken into account in project design. EAs identify ways of improving projects 
environmentally, and minimizing, mitigating, or compensating for adverse impacts. 

EAs enable project designers, implementing agencies, and borrower and 

funding agencies to (a) address environmental issues in a timely and practical fashion, 
(b) reduce the need for project conditionality because appropriate steps can be taken 

in advance or incorporated into project design, and (c) help avoid costs and delays in 
implementation due to unanticipated environmental problems. EAs also provide a 
formal mechanism for inter-agency coordination and for addressing the concerns of 
affected groups and local non-governmental organizations (NGOs). In addition, they 

can play a major role in building environmental capability in the country. 

2.2 World Bank Guidelines 

The World Bank has brought out policy guidelines, notes, operational 
directives and procedures for environmental assessment of investment programmes 
and projects which provide a framework for action by both the borrowers and the 
Bank. Of direct relevance in this context are the following: 

1. World Bank 1991, Operational Directive (O.D.) 4.01 Environmental 
Assessment and Annexes A to F thereto 

2. World Bank Technical Paper No. 110 (1989), 'Dams and Environment'­

Considerations in World Bank Projects 

3. World Bank Technical Paper No. 139 (1991 ), Environmental Assessment 

Sourcebook', Vol I., Policies, Procedures, and Cross-Sectoral Issues, 
Environment Department 

4. World Bank Technical Paper No. 140 (1991 ), Environmental Assessment 

Sourcebook', Vol II., Sectoral Guidelines, Environment Department 



5. World Bank Technical Paper No. 154 (1991), 'Environmental Assessment 
Sourcebook', Vol III., Guidelines for Environmental Assessment of Energy 
and Industry Projects, Environment Department 

As per World Bank O.D.4.01-Annex E (October, 1991), developmental 
projects are classified depending on the type, location, sensitivity, and the scale of the 
proposed project as well as the nature and magnitude of its potential impacts, into one 
of the three categories as under : 

Category A 

Category B 

Category C 

A full EA is required 

Although a full EA is not required, environmental analysis is 
required 

No EA or environmental analysis is required 

In keeping with the above, the MHEP would fall under the category 'A' 
requiring full EA. 

2.3 Provisions under Indian Constitution 

The Directive Principles of State Policy of the Indian Constitution provide for 
the protection of environment and objects of national importance. Article 48A 
enjoins the State to make endeavour for protection and improvement of the 
environment and to safeguard the forest and wild life of th·e country. Another land 
mark provision in respect of environment relates to the Fundamental Duties of every 
citizen of India. Article 51A(g) of the Constitution stipulates that it shall be the duty 
of every citizen of India to protect and improve the natural environment including 
forests, lakes, rivers and wild life and to have compassion for living creatures. 
Further, Article 49 states that it shall be the obligation of the State to protect every 
monument or place or object of artistic and historic interest, declared by or under law 

by Parliament to be of national importance from spoilation, disfigurement, 
destruction, removal, disposal or export as the case may be. · 

2.4 The National Water Policy (1987) 

Recognising that water is a prime natural resource, a basic human need and 
precious national asset, the policy provides for the following guidelines in planning 
and operation of water resources projects as relevant in the context of the proposed 
project. 

•2-2 

--.4 

)-

.,; 

--:- ~ 



"-- -~-

.... -.( 

\. 

_: . .,. 

--, 

* "Water is a scarce and precious national resource to be planned, developed and 

cons<:rved as such, and on an integrated and environmentally sound basis, 

keeping in view the needs of the States concerned". 

.;. ''\Vat<:i" shouid be m;.;dc ;,:·.·aiiahic w ·,~,·;,;;cr shari aicas by transicr ircm other 

* 

* 

* 

• 

• 

* 

areas including transfers from one river basin to another, based on a national 

perspective, after taking into account the requirements of the areas/basins". 

"Water resource development projects should, as far as possible, be planned 

and developed as multipurpose projects. Provision for drinking water should 

be a primary consideration. The projects should provide for irrigation, flood 

mitigation, hydro-electric power generation. navigation, pisciculture and 

recreation wherever possible." 

"The study of the impact of a project during construction and later, on human 

lives, settlements, occupations, economic and other aspects should be an 

essential component of project planning." 

"In the planning, implementation and operation of projects, the preservation of 

the quality of l.!nvironment and the ecological balance should be a primary 

consideration. The adverse impact, if any, on the environment should be 

minimised and should be off-set by adequate compensatory me:asures." 

"There should be an integrated and multi-disciplinary approach to the 

planning, formulation, clearance and implementation of projects, including 

catchment treatment and management, environmental and ecological aspects, 

th: rehabilitation of affected people and command area development." 

"Special efforts should be made to investigate and formulate projects either in 

or for the benefit of areas inhabited by tribal or other specially disadvantaged 

groups such as Scheduled Castes and Scheduled Tribes. In other areas also, 

project planning should pay special attention to the needs of Scheduled Castes 

and Scheduled Tribes and other weaker sections of society." 

"The planning of projects in hilly areas should take into account the need to 

provide assured drinking water, possibilities of hydro-power development and 

the proper approach h) irrigation in such areas. in the context of physical 

features and constraints such as steep slopes. rapid run-off and the incidence of 

soil erosion. The ec01wrnic evaluation of projects in such areas should also 

take these factors into acc.:ounl" 
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• "In the planning and operation of systems, water allocation priorities should be 

broadly as follows: 

Drinking water 

Irrigation 
Hydro-power 
Navigation 

Industrial and other .uses 

How.ever, these priorities might be modified if necessary in particular regions 
with reference to area specific considerations". 

• "There should be a close integration of water-use and land-use policies." 

2.5 Environmental Appraisal and Clearance by MEF, Government of India 

Environmental clearance of polluting or degrading development activities is 

done by the Central and/or the State Governments. Till January 1994, obtaining 

environmental clearance from the Central Ministry was only an administrative 
requirement intended for mega projects undertaken by the Government or Public 
Sector Undertakings. However, the new Notification (here in after referred to as the 
EIA Notification) issued by the Ministry in January 1994 (as amended in May 1994) 
makes Environment Impact Assessment statutory for 29 different identified activities 

listed under schedule-I.(Annexure 2.1). This EIA Notification also includes details 

of procedures for obtaining environmental clearance and for public involvement 

besides setting time s<;hedules for decision taking. 

2.5.1 Projects which require Environmental Clearance 

All the projects listed under Schedule-! of the EIA Notification are required to 
obtain environmental clearance from the Central Government, even if any of these 

projects fall under the delicenced category of the New Industrial Policy. Besides this, 

site specific projects such as mining. pit-head thermal power stations. hydropower, 
major irrigation projects, pons and harbours will also have Ill ohtain separate site 
clearance from the central Government (or the State Government as the case may be) 

as specified in the EIA Notification. 

Further, the Government of India (Ministry of Environment and Forests) 
notifies ccrt;"~in arc;~s as ccoloJ,!ically sensitivc/fra~ile areas from time to time and all 
developmental projects which arc to b!! located in tht:sc notified areas need to obtain 

environmental clearance from the Central Government irrespective of whether they 
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are listed under Schedule-I of the. EIA Notification or not. Some of the identified 

ecologically sensitive/fragile areas notified under the Environment (Protection) Act, 
1986 so far include : 

Doon vaiiey, Murud-Ja.njira, Da.~anu Taiuka, Aravaiii ranges in Gurgaon 

district of Haryana and Alwar district of Rajasthan. 

Identified coastal areas as per the Coastal Regulation Zone Notification. 

Forest, Wildlife Sanctuaries, National Parks, Wetlands, Mangroves, Biosphere 
Reserves, Hill and Mountain areas, etc. 

The 29 projects listed in Schedule-I of the EIA Notification can be broadly 
categorised under the following sectors for the Sake of convenience: 

Industries 
Mining 
Thermal Power Plants 
River Valley 
Ports, Harbours and Airports 
Communication 
Atomic Er.ergy 
Transport (rail, road, highway) 
Tourism (including hotels, beach resorts) 

2.5.2 River Valley Projects 

All river valley projects including hydel power, major irrigation and their 
combination including flood control, with an investment of Rs. 50 crores or above 
only need to obtain environmental clearance from the Central Government. All other 
projects need to approach the concerned State Government departments/~gencies only 
for the necessary clearances and permits. 

2.5.3 Needed Documentation 

The documents required as per the EIA Notification are listed below : 

Feasibility/Project Report; 

Site clearance (only for site-specific projects mentioned in the EIA 
Notification); 
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No Objection Certificate from the SPCBs and other local authorities; 

Environment Appraisal Questionnaire (available at the Ministry of 
Environment and Forests and/or Application Form as prescribed in Schedule II 
of the EIA Notification); 

Environmental Impact Assessment Report/Environmental Management Plan; 

Risk .Analysis/Emergency Prepare~ness Plan, (only in the case of project,<; 
involving hazardous substances); 

Rehabilitation plans where large scale displacement of people is anticipated. 

2.5.4 Proposals Involving Diversion of Forest Land 

The Forest (Conservation) Act, 1980 as am~pded from time to time, checks the 
indiscriminate diversion of forest land for non-for,est purposes. The State 
Governments/Union Territories are required to submit formal proposals to the Central 
Government (Ministry of Environment and Forests) for diversion of forest land for 
non-forest purposes in the prescribed proforma.alongwith details such as llora, fauna, 
map of the area, compensatory afforestation proposed etc. 

As per the amended Forest (Conservation) Rules currently in f.Drce, the 
Regional Chief Conservators of Forests have the powers to decide proposals 
involving forest land upto 5 ha. Proposals involving forest land between 5-20 ha. 
shall be processed by the Regional Chief Conservator in consultation with a State 
Advisory Group consisting of representatives of the concerned State Government. 
Proposals involving more than 20 ha. of forest land are required to be placed before 
the Advisory Committee constituted by the Ministry of Environment and Forests. 

There are prescribed procedures for submission of proposals involving 
dereservation of reserved forests or use of forest land for non-forest purposes. The 
investor is required to furnish a brief note giving essential details of the project 
relating to the following. 

(a) 

(b) 

(c) 

(d) 

(e) 

Cost and outlay 
Justification for locating the project in the forest area, indicating alternative 
sites that were examined and reasons for their rejection. 
Financial and social benefits 
Total population benefited 
Employment generated etc. 
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A comprehensive land-use plan of ll1c area required should be attached if land 
is required for more than one purpose. The building plan should also be attached if 
the area is required for construction purposes. 

2.5.5 Environmental Appraisal Procedure 

The documents submitted by an investor are first scrutinised by a complement 
of multi-disciplinary staff at the Ministry of Environment and Forests who may also 
undertake site visits wherever required, interact directly with the investors, affected 
people and environmental groups and hold consultations with experts on specific 
issues as and when necessary. 

After this preliminary scrutiny, the proposals are placed before specially 
constituted Committees of Experts whose composition is specified in Schedule-III of 
the EIA Notification. Such committees, known as Environmental Appraisal 
Committees, have been constituted for each sector such as River Valley, Industries, 
and Mining. These committees meet regularly to appraise the proposals received at 
the Ministry. In case of certain very special/controversial projects which have 
aroused considerable public interest, the committee may alsn decide to arrange for 
public hearings on those projects to ensure public participation in developmental 
decisions. Announcements for s·uch public hearings shall be made through 
newspapers atleast 30 days before. 

On the basis of the exercise described in the foregoing paragraphs and 
depicted in Fig. 2.1, the Appraisal Committees make their recommendations for 
approval or rejection of particular projects. The r:·commendations of the Committees 
are then processed in the Ministry of Environment and Forests for approval or 
rejection. 

2.5.6 Issue of Environmental Clearance/Rejection Letter 

Single Window Clearance 

When a project requires both environmental clearance as well as approval 
under the Forest (Conservation) Act, 1980, proposals for both are required to be 
submitted simultaneously for clearance/rejection, although separate letters may issue. 
If the project does not involve diversion of forest land, the case is processed only for 
environmental clearance . 
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Time-Frame 

Once all the requisite documents and data from the project authorities are 
received and public· hearings (where required) have been held, assessment and 
e·.:~!u~tian of :he pr0jcct frnm the c:1vircnw~:-:: ~nglr: i:; cc:nplct~d .. ·.-:thh-: 90 da;·:-; aud 
the decision of the Ministry shall be conveyed within 30 days thereafter. 

Post Project Monitoring 

Whenever a project is given environmental clearance, a set of 
recommendations and conditions are stipulated by the Appraisal Committee on a case 
to case basis, which have to be complied with by the investor once the project is 
commissioned. The investors are required to submit a half-yearly compliance report 
to the Ministry after the project is commissioned, to enable the Ministry to monitor 
the implementation of the recommendations and conditions stipulated by the 
Appraisal committee, subject to which the environmental clearance has been given. 
The six Regional Offices located at Shillong, Bhubaneswar, Chandigarh, Bangalore, 
Lucknow and Bhopal help the Ministry in post-project monitoring of the cleared 
projects. Cases of non-compliance of the recommendations and conditions by the 
cleared projects/units are brought to the notice of the concerned SPCB, which may 
then initiate action against the project authorities. 

2.6 Central Water Commission (CWC) Guidelines 

Guidelines for Sustainable Water Resources Development and Management 
have been brought out by the Ceptral Water Commission (Annexure 2.2). Some of 
the common safeguards stipulated in the guidelines are 

1. Necessary arrangements for-supply of fuel wood by the project authorities to the 
• 

labour force during the construction period 

ii. Restoration of construction areas 

iii. Compensatory afforestation 

iv. Drawing up a master plan for rehabilitation of the oustees 

. 
v. ·To identify the critically eroded areas in the catchment for soil conservation 

work 
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vi. Mechanism for free movement of fish upstream and downstream of the structure 
across the river 

vii. . Setting up of monitoring units for imiJlementing the s~~ge~ted safeguards 

viii. Alternatives in case of adverse effect on flora and fauna, wildlife, 1:tc and 

ix. Command area development (including drainage and anti-waterlogging 
mea~ures). 

2.7 Rehabilitation and Resettlement· Kai:nataka Govt. Provisions 

The Karnataka Resettlement of Project Displaced Person:; Act, 1987 
(Karnataka Act 24 of 1994) provides for the resettlement of certain persc•ns displaced 
from lands which are acquired for projects of public utility and for matters connected 
therewith. 

As per definition of this Act "Displaced Person" means any tenure holder, 
tenant, Government lease or owner of other property, who on account of acquisition 
of his land including plot in the gramathana or other property in the affe•:ted zone for 
the purpose of the project, has been displaced from such land or other property. The. 
definition of family in relation to a displaced person means the family of the displaced 
person consisting of such person and his or her spouse, minor son~. unmarried 
daughters, minor brothers or sisters, father and mother and other members residing 

' with him and dependent on him for their livelihood. 

The provisions of this Act apply to villages or areas which are likely to be in 
the affected zone or benefited zone of an irrigation or a power project. 

The Act also deals with the Directorate of Resettlement, Resettlement Officer 
and their. powers and duties; the application of the Act to the project and its 
consequences to ensure improvement therefrom; and resettlement of displaced 
persons. 
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3. Project Setting 

3.1 General 

The Mahadayi Hydro Electric Project (MHEP) envisages construction of three 

dams across the Mahadayi river, four di.version dams on its tributaries, diversion 
tunnels/channels, water conveyance system, an underground power house and two 
dam site power houses. The project also envisages diversion, through an intake 
structure on the periphery of Kotni reservoir and a diversion tunnel, of 113 Meum (4 
TMC) of water from Kotni reservoir to Malaprabha river for augmenting the available 
flows under the Malaprabha irrigation project. In addition, 142 Meum (5 TMC) of 
water is proposed to be diverted from Kalsa, Haltar and Potli nalas to the Malaprabha 

sub-basin to augment the irrigation facilities in the state. All the construction 
activities of the project are to be undertaken within the territory of Kamataka state. 

3.2 Proposed Works under MHEP 

The major components of the proposed project depicted in Fig. 1.1 are detailed 

below. 

i) Dams and Diversions 

a) 86 m high dam across the river Mahadayi downstream of the confluence 
of Kotni nala with the river 

b) 62 m high dam across the Bailnadi and a 4~8 km long diversion tunnel 
from Bailnadi to Kotni reservoir 

c) 44 m high pick-up dam across the main river downstream of the 
confluence of lrti nala with the river 

d) 25 m high tail race dam across Mahadayi river near the state border 

e) Diversion weirs across Pansheer nala, Muruduhaul nala and·Andher nala 

All the above works are to be implemented by KPCL. 

f) Diversion of water from Kalsa, Haltar and Potli nalas to Malaprabha 
sub-basin for irrigation through construction of a dam and diversion 
tunnels. These works are to be undertaken by the Karnataka Irrigation 
Department. 



ii) 

' iii} 

Power Houses 

a) Surface power house with an installed capacity of 20 MW ( l X 10 MW) 
at Kotni dam site 

b) Under Ground Power House (UGPH) with 2 units each of 150 MW in 
the hill range near Krishnapura village 

c) · Surface power house with an installed capacity of 25 MW (2 x 12.5 
MW) at tail race dam site 

Water Conveyance Systems 

a) Intake structure on the foreshore of Irti reservoir and a water 

b) 

·conveyance system from Irti reservoir to the UGPH including a 6.4 km 
long tunnel, a surge tank and a pressure shaft 

Water conveyance system connecting various diversion schemes at 
Pansheer nala, Bailnadi, Muruduhaul nala and Andher nala 

3.3 Alternatives Evaluated 

For the construction of the proposed dams/ diversion structure;; alternative 
sites were identified by the project proponents using toposheets of 1 :5(000 scale at 
(i) Kongla (ii) Kotni nala confluence with Mahadayi river and (iii) Irti nala 
confluence with Mahadayi river. Studies, as described below, were undertaken in· 

• 
order to assess the yields at these dam sites, storage capacities at different l~vels and 
the corresponding heights of dams for the required storage. 

3.3.1 Kongla Dam Site 

The catchment area draining at this site is 88 sq. km. The Pansbeer nala and 
Muruduhaul nala could be diverted to this site. The average annual yield (75 % 

dependability) including the diversion is 306 Meum. The 90% dependable yield at 
this dam site is 237 Meum as against 500 Meum of storage required. Thu ;, the storage 
at this site would not be adequate. If this dam site is selected, there has c:o be another 
point of storage, and the total submergence area will be more than that of a single 
storage dam. Hence, this dam site was not considered. 

I 
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3.3.2 · Kotni and lrti Dam Sites 

Diversion of the two nalas viz., Bailnadi and Andher nala is feasible to these 
dam sites with a total average yield of 664 Meum at Kotni dam site and 742 Meum at 
Irti dam site. The corresponding 90% and 75% dependable yields are 489 and 550 
Meum respectively. Thus, the yield at these dam sites can provide the required 
storage of 500 Meum. Further, the storage between Kotni ·dam site and Irti dam site 
will be only 2 Meum with a level difference of about 50 m. Thus, a storage ~am at 
Irti has to be 40-50 m higher than that at Kotni dam site. Hence, the dam site at Kotni 
has been selected. lrti dam has been chosen as a balancing reservoir with a storage of 
3 Meum and 26 ha of submergct:ce.confining mainly to the river course. The yield at 
Kotni dam site is 664 Meum average and 489 Meum at 90% dependable yield. To 
create a storage of about 500 Meum, a dam of 90 m height with a submergence of 25 
sq. km would be involved. hi order t() reduce the submergence, it was decided to 
reduce the storage to about 370 Meum keeping also in view that the non-monsoon 
generation supports the peaking requirement. With this decision the power station 
would run less than 6 hours per day during. non-monsoon period. 

3.3.3 Pansheer nala, Muruduhaul nala and Andher nala Dam Sites 

The diversion dams for Pansheer naia, Muruduhaul nala and Andher na:Ia are 
planned as non-submersion dams by keeping the inven of the diversion works to the 
river bed itself. Whenever there is high rainfall, the water may rise a little above the 
normal flow level in the stream for a short while and subside when the flood recedes. 

3.3.4 Bailnadi Dam Site 

This dam site has been chosen only for a pickup weir to divert water to the 
Kotni reservoir. The associated storage is 8 Meum with a water spread area of about 
80 ha. The FRL has been fixed on the basis of the minimum level required for 
diversion. · 

3.4 The Mahadayi River Basin 

The Mahadayi river basin receives rainfall during the south-west monsoon 
from June to September. The river carries large flows during this period, and the flow 
during the remaining 8 months is nominal. It is, therefore, necessary to create 
adequate storage by impounding the waters during the monsoon period for power 
generation during the non-monsoon period. The important tributaries of this river are 
Singar nala, Kotni nala, Doli nala, lrti nala and Bailnadi in Karnataka, and river 
Khandepar, which meets Mahadayi/Mandovi downstream of Ganjem in Goa. The 



Dudhsagar falls is located on Khandepar river. Since Dudhsagar falls is in a different 
valley and beyond the catchment of Mahadayi in Karnataka, the falls will not be 
affected due to construction of MHEP. The Mahadayi river has fresh water upto 
village Usgaon Pali, downstream of which there is saline water intrusion from the 
Arabian Sea. Due to sea water intrusion, the river stretch upto Arnone is saline all 

' through the year. The Central Water Commission (CWC) has installed permanent 
gauging stations on river Mahadayi and Khandepar at Ganjem an.j CoBern 
respectively. The other major river in the state of Goa is Zuari which is connected to 
the Mahadayi by a navigational canal known as Cumbarjua canal . 

. 3.4.1 Catchment Area 

Of the total catchment area of Mahadayi basin, 189.6 sq. km li<:s at high 
altitudes with heavy rainfall (3800 mm to 4400 mm per annum). It is this cc~mbination 
of a fairly large catchment area receiving heavy rainfall and an elevation head of 
nearly 600 m that makes Mahadayi river an attractive source of power generation in 
Karnataka. The total catchment area, the yield from which is prop<tsed to be 
harnessed for power generation, is 189.6 sq. km upto the UGPH'and 257.7 sq. km at 
the tail race dam site. Rainfall gauging stations are located at Krishnapur, Gavali, 
Kotni dam site, Jamgaon, Nerse, Chapoli and Amgaon in Kamataka. 

Kotni is the. main storage dam intercepting runoff from a catchm•!nt area of 
124.4 sq. km. The other two dams proposed across Mahadayi river are the Irti dam 
and the tail race dam. Details of the locations of these dams alongwith the catchment 
areas intercepted are presented in Table 3.1. Some of the tributaries of Mahadayi 
which originate at high altitudes join the main river dis of Kotni dam. 'Vater from 
Muruduhaul nala, Pansheer nala, Andher nala and Bailnadi can be diverted to Kotni 
reservoir. The locations of the diversion dams across these four streams along with 
the catchment areas intercepted are presented. in Table 3.2. 

From the storage at Kotni dam, 113 Meum (4 TMC) is to be diverted to 
Malaprabha sub-basin for irrigation. In addition, 142 Meum (5 TMC) is proposed to 
be diverted from the following diversion schemes. 

( 1) Kalsa and Surla ryala : These are tributaries to Mahadayi river and drain a total 
catchment area of24 sq. km (Kamataka 21.50 sq. km and Goa 2.50 sq.km). 

(2) Hal tar nala : This is also a tributary to the river Mahadayi with a catc:hment area 
of 13.52 sq. km in Kamataka. It is proposed to construct a dam ac:ross Haltar 
nala near Chorla village to utilise the flows from a catchment area of 4 sq. km 
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Table 3.1 

Details of Catchment Areas of Dams on River Mahadayl 

Description Location Catchment Area (sq. km) 

Latitude Longitude Individual Cumulative 

Kotni dam 15° 3i 20" N 74° 2f 10" E 124.4 124.4 

lrti pick-up dam 15° 3i 40" N 74° 20' 25" E 18.7 143.1 

Tail race dam 15° 33' 45" N 74° 16' 02" E 68.1 211.2 
I 

-- - - - -- -- ---- -

Table 3.2 

Details of Catchment Areas of Tributaries of ~iver Mahadayi 

. -;.; 

Description Location Catchment 
Area 
(sq. km) 

Latitude Longitude 

Muruduhaul nala dam 15" 33 45" N 74" 19 05" E 3.3 

Pansheer nala dam 15° 32' 52" N 74° 19' 15" E 6.5 

Bailnadi dam 15° 38.15" N 74° 18.16" E 31.9 

And her nala dam 15° 38' 02" N 74° 15' 18" E 4.8 

3-5 



(3) Potli nala: A tributary to the Tillari river which flows in Maharashtra and joins 
the Arabian Sea in Goa. The total catchment area drained in Karnatlka state is 
28.87 sq.km. It is proposed to construct three small dams viz., Potli-A, B & C 
draining a catchment of 8 sq.km. 

The details of catchment areas of various dams/diversions in the states of 
Karnataka and Goa are depicted in Fig. 3.land presented in Table 3.3. 

3.4.2 Yield' from Mahadayi River Basin 

The total yield from the Mahadayi river basin in Karnataka is 1082 Meum., of 
which 113 Meum (4 TMC), which is 10% of the yield within Kamataka, is proposed 
to be diverted to Malaprabha basin. An additional 142 Meum (5TMC) is proposed to 
be diverted from the total yield of 374 Meum from Kalsa and Surla nalas, Haltar nala 
and Potli nala. The details of catchment area and related yield are presented in 
Table 3.4 . The total storage capacity at Kotni, Irti, Bail nadi and Pansheer nala dams 
is 444 Meum. The storage capacity of diversion dams has not been asse!;sed so far. 
Information on the yiel~ (maximum, minimum and average) in Mahada.yi basin 
before and after the construction of reservoirs is presented in Table 3.5 and is 
depicted graphically in Fig. 3.2. The flow data (gross annual yield for the entire 
basin) based on the rainfall-runoff corelationship as worked out by Natbnal Water 
Development Agency (NWDA) and the gauged data at Ganjem on Mah:1dayi river 
and Collem on Khandepar river (total catchment area covered 997 sq. km) is 
presented in Table 3.6. The average total flow in Mahadayi river computed by 
NWDA is comparable with the actual flow measurements by CWC Data on the flows 
in the river Mahadayi before and after the construction of the project is presented in 
Fig. 3.3. The yield available in Goa after construction of reservoirs in Karnataka is 
92.61% of average flow during monsoon (June-October), 251.29% during non­
monsoon (November-May) and 94.59% during June-May. With only 2% of yield 
being utilised in the forin of diversion and evaporation, the balance 98% will be put 
back in the river in a regulated manner during the operation of the project. 

3.4.2.1 Yield a~ Kotni Dam Site (Independent and Total) 
\ 

The monthly yield at Kotni dam site has been worked out on the basis of 
rainfall runoff coefficients evolved for Kongla site having a hydro-met·~orological 
similarity with Kotni site. The runoff works out to 88% of the catchm!nt rainfall 
which could be expected from a catchment area receiving a high intensit:' of rainfall 
of the order of 4000 mm per annum. The average annual yield for the Ko :ni dam site 
including diversion from 4 diversion schemes works out to 664.0 Meum. The 
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Table 3.3 

Catchment Area of West Flowing Nalas (Potli, Kalsa & Surla) 
and Mahaaayl River 

Description Catchment Area (sq.km) 

Karnataka Maharashtra Goa Total 

Kalsa nala 16.00 - ·- 16.00 

Surra nala 5.50 - 2.50 8.00 

Haltar nala 13.52 - - 13.52' 

Potli nala 28.87 1.84 - 30.71 

Mahadayi river 375.11 76.96 1579.93 2032.00 

Table 3.4 

Statewise Catchment Area and Yield of Mahadayi Basin 

Description of the Catchment Yield in Mahadayi Basin 
Region Area (Meum) 

(sq.km.) 
50% 7$% 
Dependable . Dependable 

Total area 2032 5703 3164 

Karnataka 375 1052 584 

Catchment of 258 723 ,-
v 

701 ,/ / 

Mahadayi project 

Goa 1580 4434 2460 I 
I 

Area covering 450 1263 701 
salinity intrusion 

Area covering 1130 3171 1759 
fresh water flow in -
Goa region 

\ 
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Table 3.6 

Gross Annual Yield Based on NWDA Report and Gauge 
Data from Ganjem & Collem Gauging Stations on 

Mahadayi (Mandovi) River 

Year Total Flow Total Inflow as Measured 
Computed by by CWC at Ganjem and 
NWDA (Meum) Collem Sites (Meum) 

1980-81 7192.66 6845.38 

1981-82 7669.59 7280.98 

1982-83 7757.24 7409.07 

1083-84 7749.60 7031.84 

1984-85 5528.98 5757.03 

1985-86 5516.95 5421.60 

Total 41415.02 3~745.90 

Average 6902.50 6624.32 

Minimum 5516.95 5421.60 

Maximum 7757.24 7409.07 
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maximum, minimum and the average monthly yields, (independent and total) at Kotni 
dam site are given in Table 3.7. 

3.4.2.2 Yield at Irti Dam site 

The average annual rainfall in the catchment for a period of 29 years is 4444 
mm. which is higher than that for the Kotni dam site by 668 mm (18% ). The 
maximum, minimum and the average monthly yields are ·given in Table 3.8. 

3.4.2.3 Yield at Tail race Dam site 

The average annual catchment rainfall is 5097 mm. The maximum, minimum 
and the average monthly yields are given in Table 3.8. 

3.4.2.4 Yield from Pansheer & Muruduhaul Nalas 

Pansheer and Muruduhaul nalas are two tributaries of Mahadayi river joining 
the river d/s of Irti dam site. With a view to harnessing part of the yield in these 
streams for power generation, it has been proposed to construct weirs across these 
streams in the upper reaches, and divert the yield to the Kotni reservoir. The average 
annual independent yield from the two nalas is 33 Meum. 

3.4:2.5 Yield from Andher nala and Bailnadi 

Andher nala and Bailnadi are two tributaries of Mahadayi river jl)inirig d/s of 
Kotni dam site. It is proposed to intercept the yield in the upper reac:hes of these 
streams and divert the same into the Kotni reservoir for power gen•!ration. This 
requires construction of two dams and two diversion tunnels, one from A1dher nala to 
Bailnadi, and the other from Bailnadi to Kotni reservoir. The yields at th.t!se dam sites 
have been worked out on the basis of rainfall-runoff correlations for a period of 29 
years ( 19~0 to 1989). The average annual yield from these two streams works out to 
199 Meum. 

3.4.3 Diversion to Malaprabha sub.;basin for Irrigation 

The Malaprabha dam has been constructed across river Malaprabha at 
N aviluteertha, Saundatti taluka, Belgaum district in 1972 to irrigate an area of 218191 
ha in Belgaum, and parts of Dharwad and Bijapur districts. The total water utilisation 
for irrigation is 1368 Meum. It has been observed since 1972 that the reservoir does 
not receive the contemplated yield on account of substantial reduction in rainfall in 
the catchment. Due to this reduction in the yield, it has not been possible to provide 
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Table 3.7 

';--' ... Details of Yield at Kotnl Dam Site 

Yield at Kotni Dam (Meum) I>' 

Month Independent Catchment By Augmenting with Four Diversion 
Schemes 

·Maximum Minimum Average Maximum Minimum Average 

June 123 4 48 169 14 75 

July 304 49 167 439 131 243 

August 233 58 157 330 71 205 

September 121 9 41 169 23 62 

October 145 1 25 175 7 39 

November- 72 1 25 102. 9 40 
, May 

Total average 998 122 464 1384 255 664 
annual yield 

-J 

Note : Yield worked out from 29 years rainfall data 

' -1 ,, 

·:: 

....J·-
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Table 3.8 

Details of Yield at lrtl and Tall Race Dam Sites 

Yield at (Meum) I 

Month lrti Dam Site Tail Race Dam Site 

Maximum Minimum Average Maximum Minimum Average 

June 21 - 9 89 9 41 

July . 63 17 30 193 .60 117 

August 38 6 24 138 57 92 

September 17 2 7 56 12 36 

October 10 - 4 47 - 21 

November- 11 - 4 49 - 25 
May 

y 

Annual 160 25 78 572 138 332 "· 
-- --- -

.,/ 

• 

~-L 
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irrigation facilities for the Kharif, Rabi and two seasonal crops to the area 

envisaged under tHe project. There is a shortfall of 342 Meum of water 
upstream of Malaprabha sub-basin due to which approximately 38742 ha of 
prone areas in Bijapur/ Dharwad districts will be deprived of the benefits of 

the consequent in prvductiou vf foc.dgrain5 tc-

metric tonnes worth Rs. 53 crores per year. To meet this shortage, there is no 
alternative except taking up the diversion schemes viz., Kalsa, Haltar and 
(142 Meum). 

3.4.3.1 Yield from Kalsa, Haltar and Potli Diversions 

In 
augment the flows 
on the Mahadayi 
as per details below. 

(1) Kalsa and 

proposed to 

of Kalsa and 

above deficit in the yield of Malaprabha river, it is nrnnr." 

diverting 255 Meum of water, 113 Meum from 
Meum from the Kalsa, Haltar and Potli nalas to 

nala: The average yield works out to 189 

95 Meum of water by constructing a dam at 

nalas. 

(2) Haltar nala: The nala gauging has been at the proposed dam 

1991 to 1995 and the average 
proposed to construct a dam across 
16 Meum of water to Kalsa reservoir. 

out to 64 Meum per year. It is 
near Chorla villag~ to 

(3) Potli nala: The average 
3 small dams 
reservoir. 

Meum per year. It is proposed to construct 
B & C to divert 31 Meum of water to 

The yields in the various nalas and 
3.9. The details of water spread area and '-O.!Ja"" 

given in Table 3.10. 

3.5 Submergence to various Reservoirs 

Mahadayi are presented 
at FRL of the four 

'"-., 

are 

The Kotni reservoir submerge an area of 2109 at FRL of EL m. 
However, this is a 
in 17 out of 26 years. 

, proposed to limit torest c 
submergence at this elevation is 1970 ha. 
Bailnadi, tail race and the other three 

3-16 

12 out of 26 and 658 m 
is a maximum 3 months. It 

to EL 658 m. area u 

The area of submergence 
is 175 ha 



Table 3.9 

Yield from the Kalsa & Haltar Nala Diversions 

Description Average yield as per Yield considered for Percentage 
river guaging at dam site diversion diversion 

Meum TMC Meum TMC 
..., 

Kalsa and 189.11 6.68 94.56 3.34 50 
Surla nalas 

Haltar nala 64.26 2.27 19.77 0.56 25 

Potli nala 156.00 5.51 31.14 1.10 26 

Mahadayi 3163.36 111.74 113.24 4.00 3.5 
river 

Notes: 

) 75 % Dependable rainfall based on Kankumbi rain gauge station is 4993.64 mm 
Yield worked out based on lngli's Ghat fonmula 

3) Proposal for diversion from Potli is under investigation. 

/ 

Tabla 3.10 

Details of Water Spread area and Capacity 
of Various Reservoirs 

Description I FRL I Water Spread 
Area (sq.km) 

Kotni I 660.00 21.10 420.50 

lrti 575.00 0.25 3.10 

Bailnadi 662.00 0.81 11.32 

Tail race 92.00 0.39 9.20 

3-1'1 
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I 

area or ~ubmergence due to all the reservoirs is 2145 ha. Of this, an area of lbUl:S na 1s 

under forest which includes an area of 191 ha under river course. 

accounts for 373 ha. In addition. forest land to the extent of 330 ha is 

i) 

ii) 

iii) 

Access roads length 

power and other structures 

Township 

Other uses including quarry, field office, 
stack yard, construction plant area, 

transmission lines etc. 

area of forest land 
% of the total area _ 

area under submergence is shown in Fi 
submergence are presented in Table 3.11. 

Belgaum of Karnataka. whereas 

Total 

The area comprises revenue and government 

3.6 Resettlement 

forest area 

lost. 

3.7 Project Implementation Schedule 
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Fig. 3.4 Area under Submergence in the Kotni Reservoir 
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Table 3.11 

Area under submergence due to Various Reservoirs 

Description Area of Submergence (ha) I 
Forest land Waste land Private land Total 

I 

Kotni (upto EL 658 m) 1437 164 369 1970 

lrti 25 - - 25 

Bailnadi 81 - - 81 

Tail race 35 - 4 39 

Other diversions 30 - - 30 

Total 1608 164 373 2145 
'----

Source. Detailed Report, KPCL, June 1990 

Table 3.12 

Area under Submergence due to Diversion Dams 

Description Area of Submergence (ha) Total I 

Karnataka Goa 

Forest Revenue Forest Revenue 
land and Govt land and Govt 

land land 

Kalsa 147.45 39.42 53.15 21.12 261.14 

Haltar 35.15 5.26 Nil Nil 40.41 
'-----1--~~~· .L......-...-------- L.-......-...----'---

Source Department, Belgaum 

,. 
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a year will be 200. Preliminary structures such as river 

of 5 vears thereafter will be required to 

also have to start 

6 years. 

It would be possible to start power generation on run-of-the river basis even 

completion of Kotni dam. For this, it is necessary to concentrate on the 

race dam and power house and erection of equipment in power houses. 

Flood Passage During Construction at Various Dam Sites 

made in the passage ot flood 
waters during construction period. 

3. 

Kotni Site : A river diversion tunnel taking off bed u/s of 
dam site 

Dam :As the incorporates a central concrete the flood 

crest be passed over the 
level and after construction 

Dam Site : In the first year a small canal 

it is raised, and pi 

passage will be incorporated 

second year, 

route. The dam will be 
excavated spillway area 

respects for the 

dam is 

be dug at the. level of the 

the passage of flood. 
the dam and blocked. 

act as flood passage 

year 

Muruduhaul nala and Andher nala : In the year all the 

be completed and in the second year the dams will be raised 

height. Thereafter, the diversion system will take care of the full 
that comes. 

Project Cost and Power Tariff 

The direct and indirect cost of the MHEP at the 

was 30,333 lakhs and lakhs 

were lakhs at the rate of 1 %. Thus, the total 

lakhs. The abstract of cost estimates is presented 

generation was 58 

cost as per 

3-21 
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of project 

. • cost was 
Table 3.13. The 
seHmg rate was 

schedule of rates of 
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Table 3.13 

Abstract of Cost Estimate of MHEP (1990) 

Sl. litem i Unit-1 Unit-Ill I Total 
No" Civil Engg" Hydraulic & (Rs" in lakhs) 

Works Electrical 
Works 

-Works: 

Direct Charges 

A - Preliminaries 100 - 100 

B Lands 879 879 

C- Works 

i) Kotni dam, power house & components 6802 

ii) lrti dam, UGPH & components 3944 

& comoonents 826 

1572 11572 

D - Regulators I 
826 826 

G- Bridaes 68 - 68 

K- -
a. Temporary L; b. Permanent 5 

2235 2235 

M - Plantations 50 . 50 

0 - Miscellaneous 370 - 370 

R - Communications 445 - 445 

S - Soil Conservation 20 - 20 

P - Maintenance 1% of I works less A, B & Q 156 156 

Q - Special tools & plants 398 - 398 

-Losses on stock at 1/4% of 39 - 39 
!-Works loss A, b & Q 
Production - Hydraulic and Electrical 
Engineering Works: 

Kotni power house 1284 

ii) UGPH 8131 

Tail race power house 1683 

11098 11098 

Total of I- Works r 17158 1 11098 28256 
J 

,../ 
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Table 3.13 (Contd •.. ) 

Sl. Item Unit-1 Unit-Ill Total 
No. Civil Engg. Hydraulic & {Rs. in 

Works Electrical 
Works 

II Establishment charges at 8% 1381 888 2269 
I works excluding B - Lands 

Ill Tools & plants charges at 1% of I - Works 181 111 292 

IV Suspense Nil Nil Nil 

Recoveries & Receipts: 

a. Resale value of transport vehicles @ 20% 246 - 246 
balance T&P @ 75% of cost 

b. Resale value of temporary buildings at 225 - 225 
15% of cost 

c. Miscellaneous receipts from lease of 13 - 13 
land, rents, etc. 

Total of Receipts: 484 - 484 

Net Amount: 18236 12097 30333 

2. Indirect Charges: 

Capitalisation of abatement of land revenue 25 - 25 
@ 5% of cost of land acquired 
Audit & Account charges @ 1% of I -Works 181 111 292 

18442 12208 30650 
--~-- - -------------- ~------------ ---~------------------~-------

Cost of the project at HT bus- Rs. 30,650 lakhs only. 

Source : DPR, MHEP 

,. 
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interest during 
charges at 22.21 

energy generation from MHEP will be 828 
can be enhanced by l 0 

The power tariff works out toRs. 2.75 per 
state is estimated at 234 crores 

3-25 
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4. Baseline Status of the Environment 

4.1 Introduction 

Mahadayi, one of the west flowing rivers in Karnataka, 
an elevation of 914.40 m above MSL in Jamboti ghat 10 Km north-east of 

and _ 

is joined by three tributaries in Karnataka Bail nadi, Kotni 

and by five tributaries, Khandepar or Dudhsagar, Dicholi, Mapuca, Ragada 

Surla or Nanode nadi in the state of Goa, where it is known as 

Cumbarjua canal, 17 km in length, connects Mandovi river near 

Zuari river near village Agasaim at a distance of 14 km and 11 

their mouths. 

The catchment area of the 

sq.km is in Karnataka, 1 sq. km is 

The state/ district-wise break up the area is given 

boundary is depicted Fig. 4.1. 

4.2 Physical Environment 

4.2.1 Topography 

The Mahadayi on the 

the north-east 
Arabian 

regions as 

on tne south by Zuari basin and on 
Mahadayi basin can be broadly divided into 

below: 

i) Regions with undulating 

ii) The coastal plains 

iii) The intermediate or transitory regions 

basin 

decreases towards 

on either by mountainous 

nver Arabian Sea. 

are 



Table 4.1 ,1,.:.: 

State/District-wise breakup of the Mahadayl basin area 

Sl. State/District Area lying Percentage of 
No. within the the total area of 

basin (km2
) the basin(%) 

1. Goa: 

Goa district 1579.93 77.75 

2. Kamataka: 

Belgaum 305.77 15.05 

Uttara Kannada 69.34 3.41 

3. Maharashtra : 

Ratnagiri 76.96 3.79 

Total: 2032.00 100.00 
-

.,/ 
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DAM SITE 

/' 

I 

N 

~ 
0 1 2 Km 

~ 900-Above 

§ 800-900 
LEGEND :- ~ 700-800 

A - Murudhunaul nata dam ~ 500-700 
B - sheer nola dam ~ 300-500 
k River ~ 100-

...... To be submerged area 0 -100 

1 : Topographical Details of Mahadayi Basin 
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Geology the Study •.: 

project area consists or highly phyllitic meta 
quartzites belonging to the Dharwar Super group, granitic 
intrusive dykes and quartz veins. The basalts of the Deccan 

formations to the north of the project site. The Dharwar and other 
are shown in Fig. 4.2. The geology and tectonics of 

Fig. 4.3. The geology and tectonics 
mnA..,.,..., with the seismic zones in accordance with the seismic zoning map of 

Fig. 4.4. A detailed description of the geology 
the region is presented in Annexure 4.1. The classification of " 

sediments is presented in Table 4.2. 

_ the project area is the dark colored meta 
phyllitic in nature. The strike of this formation varies from N 30° 

E with near horizontal to 15° dip towards NE. The phyllitic meta 
are found to be highly foliated with foliations spaced at less than 5 em 

cut across 

Dam site in the river section fresh schistose quartzite is exposed 
m along the dam On the flanks schistose quartzite has been 

to occur at depths ranging from 4 m to 21 m. 
to depths varving from 1 m to 

weathered 

race tunnel 
cover 

race dam site. 

schistose quartzite is either exposed or 
Similar rock on the left bank would be 

m.On bank there is a 25 

encounter two dolerite dykes and a quartz roof, 

4-4 
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I 

Goa 

Goa is underlain rocks 
gneisses, metavolcan , phyllites, biotite and chlorite 
conglomerate (tilloids) pink phyllites with associated banded 
and chert braccia. These rocks are intruded bv ultrabasic and basic 
followed by granites and pegmatites. 
youngest intrusives in 
of almost all rock of Goa underwent 
climate. Almost all the rocks except granite are covered 

Precambrians group comprises a 
both sedimentary and volcanic in origin, which occupy more than 
Goa. Meta-Basalt and associated volcanic rocks predominate 
over about 650 sq.km. The schistose rocks occur mainly in west 
patches in central and eastern Goa also. Pink phyllitic with the banded 
and ferruginous quartzites constitutes the manganese 
The pink phyllitic has a wide distribution 
river Talpona in the north-west to 
95 km. Amphibolites occur as narrow, small 
Tamdi, Maloli and other places in north and central Goa. 
occurs over about 500 sq.km in central Goa, east of Sanguem, 
and along eastern border of Goa along the western ghats. B 
belonging to the Deccan Traps occur along NE part 
of Vainguinim to NE of Cheraundem. A 
to about 30 m occurs 

Boreholes 
located generally 
indicates a general soil, laterite or weathered zone 

zone of alteration is as deep as 
Kanura, Cabo Rajniwar, etc. 

or weathered zone 
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felspar grains. 



existing ambient r qual status (AAQS) the proposed dam 
was determined through in-situ monitoring whereas, the predictions 

scenario were made through air pollution modeling for the 
topographical features of the project site and the 

electric power generation, there are no air polluting units/operations. 
occur intermittently, mainly during the construction 

catchment area around the dam 
season. From air environment point, winter is the 

ucive for build up of pollutants within the 
phenomena.Five sampling locations were selected 

and/or direction and distance of dam sites 
speed were 

to demarcate 
bearing of 

depicted in Fig. 4.5 are given 

Quality Status 

phase 
dioxide (S0

2
), and 

~.-uw;;;~..Lccu round the clock for 

AAQM 

availability 
standard methods 

areas (Annexure 
of SPM was recorded at Jamboti sampling 

of about 100m from Belgaum-Kanakumbhi road. 

The 

~ 

l 

gaseous air 
. (Annexure 4.2, 

..,. 
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Table 4.3 

Ambient Air Quality Monitoring Stations 

SL Location Sampling Altitude Distance from Dam Site Remarks 
No. Height (m) MSL (m) (km.) 

1. Jamboti 2 900 Kotni dam: 4 
Forest guest house 0.5 km 
from main road going 
towards Panji 

2. 4 810 Kotni dam: 3 Village with s 25 houses 

3. Kotni 4 578 Kotni dam : 0.5 Inspection cottage of 
Irrigation Department 

4. Kanakumbhi 4 1000 Kalsa-Surla Nala : 1 PWD/Irrigation guest houses 
on the main road going 
towards Panji 

5. Talewadi 4 750 Pansheer Nala dam : 2 Village with s 10 houses, 
with approach road leading to 
Pansheer dam 

./ 

--------------------

Table 4.4 

Techniques used for Ambient Air Quality Monitoring 

Pollutant Parameter I Method of Sampling and Minimum I Sensitivity 
Analysis Detectable Range 

limit 

West & Gaeka Method 6 0.005-5 ppm 

Jacob & Hocheissir I 3 I 0.01..0.4 ppp 

High volume samplers I I 1 I 1-1oo 1..1 

Battery operated samplers"* 

C:<>mnliM locations where electricity was not available 
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4.3.2 Meteorology 

Hydrometeorological data for the year 1991 2 of 

(Annexure 4.2, Table 4) showed that the daily mean temperature varied oetW""'" 
29°C. The lowest and highest mean temperatures recorded were 21.1 °C and 

respectively. Wind velocity was found to maximum during the 

especially in the day time. The climate 

recording relative humidity as high as 91 The rainfall during the monsoon season 

mainly contributes to the total annual rainfalL The evaporation rate 

88 mm and l6l.4 mm, which gradually increased in summer reaching a 

the month of May. 

Meteorologi profiles based on the previous 

Meteorological Department observations at Panaji and Belgaum are presented 

region. The construction/submergence area an average 

3800-4400 mm and the maximum rainfall is received during 

There are 10 rain gauging stations in and around Mahadayi 

the catchment area. Data on total rainfall at 8 gauge stations is 

Annexure 4.2, Table 5. The annual rainfall varies from a 7ll9mm 

at Chapoli to a minimum 790 mm at Nerse. 

The average monthly maximum and minimum relative 

recorded at Mormugao observatory are 80% and 60% respectively. 

direction in the morning is easterly to north easterly during October to 

North East direction in May. In the afternoon, these wind tend 

west due to the effect of sea breeze . During the monsoon period, the 

generally westerly throughout the day and are fairly strong. The average 

maximum and minimum wind speed is 1 kmlhr and 9.5 kmlhr respectively. 

The south-west monsoon contributes major rainfall and 

varies from 3800-4400 mm which is mainly received during 

October. Pre-monsoon showers during April and May are common. The 

distribution of rainfall and potential evapotranspiration at 

stations in Goa are presented in Annexure Table 6. 

The meteorological data of Panaji, 

indicates 

1980-l l 

sea breeze is E-NE sector, 

4-13 

at sea 
is as high as 93%. 

coastal region. Fig. 4.6 m 



Hrs 1730 IST 

WINTER 

MONSOON 

POST MONSOON 

N 

N=Total Numhcr of Ohservauons 

C=Total Numher of Calms in Percentile Frequencies 

4.6: Seasonal Wind Rose at Panaji (Average: 1980-91) 
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sector 
winds 

and post-monsoon seasons. During monsoon season, 
from NW-SW sector at 8.30 hrs as as at 17.30 

The bulk of the 
June to October. 

topography of the area. 

monsoon season 
l is largely 

The monthly mean minimum and maximum temperatures( 
bulb observations),rainfall and relative humidity (average 
meteorological data) recorded at Panaji are given in Table 4.5. The 
data reveals that humid atmosphere persists throughout the year. 
rainy season i.e. in June, July and August months, almost every 
humidity was observed to be above 80%, whereas during summer season it was 
to be as low as 55%. The variation in relative humidity indicates that 
is not prone to sudden changes in weather condition and untimely occurrence 
rainfall. 

mmamum temperature ranges 
temperature ranges from 28.5 Bei 

are not 

e mon 
meteorological 

ly mean solar radiation (average of 7 years 1985-199 
is depicted in Fig 4.7. 

4.4 Noise Environment 

A noise survey was conducted at 
uding the proposed sites for con 

measurements were taken in villages, highways, sub-h 
commercial 
assess the impact 
houses on human 

places to determine the background 

4.4.1 Identification 

Belgaum 
Pansheer, 
forest, are 

proposed dam 
around 

Characterisation of the Sources of Noise 

power 
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situated 
concentrated mainly at 
Presently, these sites, being 

se 



SL 

I No. 

I 1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

Table 4.5 

Variation (Average) in Temperature, Rainfall and Relative Humidity 
at Panajl (1982 • 1991) 

Months Temperature (0 C) Rainfall (mm) Relative 
Humidity(%) 

Maximum Minimum 

January 32.43 20.24 0.03 70.8 

February 32.07 20.76 0.31 70.8 

March 32.13 23.10 0.09 70.8 

April 33.00 25.26 3.58 70.6 

May 33.67 26.63 51.65 70.5 

June 30.64 24.90 806.58 80.5 

July 29.19 24.35 790.76 90.0 

August 28.80 24.02 667.43 80.8 

September 3005 24.13 225.19 80.6 

October 29.92 23.75 116.63 80.2 

November 33.16 22.22 19.70 70.2 

December 33.00 21.31 2.08 70.0 

Source : India eteoro!og1ca1 Department, Pune 
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concrete structure. 

Levels 

nature consisting of embankments and 
during the construction phase will be 

machines, dumpers, shovels, concrete-mixers 
stationary sources, sources as 

noise levels. 

Neighbourhood Human Settlements 

noise levels in villages in the study area were monitored and the 
in Annexure 4.3, Table 1. In the villages surveyed, the noise 

range of 38-46 dBA. The noise levels at sensitive receptors viz. 
were in the range of 38-44 dBA (Annexure 4.3 Table 

night noise levels (Leq) monitored at a few residential locations and the 
Annexure 4.3 Table 3. 

Study Area 

the studv area is primarily due to the vehicular traffic on 

Belgaum - Panaji state highway passing 
other roads are forest roads. The noise levels measured at 

the study area are presented in Annexure 4.3 Table 4. 

observations indicate that the noise levels measured at 
areas are well within the standards prescribed by Central 

Board (CPCB) (Annexure 4.3 Table 5). 

Water Environment 

Surface Water Hydrology 

river flows through Karnataka and Goa before_ _ 
nalas and rivers joining the river en-route. There are 9 

into the Arabian Sea. These are Terekhol, Chopra, Baga, 
Saleri, Talpona and Galgibag. The total catchment area of these 

the total runoff in these rivers is 8427 Meum. During 
rainfall, these rivers are flooded 

and medium for storing 
Hence, 60 to 70% of surface runoff 

Khandepar is a major joining the 
ewe oermanent gauging 
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Table 4.8 

Measured Flows at Ganjem and eollem by ewe (1979-92) 

Month Average Flow (m3/sec.) (1979-92) Average Yield 
(m3/sec.) •• in 

Mahadayi Basin 
(1969-85) 

In Mahadayi In Khandepar Total Before After 
at Ganjem atCollem Project Project 

June 126.10 20.17 146.27 226.13 188.14 

July 483.60 69.82 553.42 824.11 724.0 

August 447.12 73.09 520.79 835.56 768.45 

September 126.47 20.39 146.86 197.16 224.02 

October 57.30 750 64.79 99.25 117.13 

November 20.76 2.12 22.88 32.79 31.49 

December 8.60 1.07 9.75 15.27 29.78 

January 3.86 0.69 4.54 7.19 22.59 

February 1.95 0.44 2.38 3.37 20.05 

March 119 0.32 1.51 2.25 19.16 

April 0.81 0.26 1.06 1.35 18.42 

May 083 0.30 1.13 1.35 18.42 

Source: 

• Central Water Commission gauging stations at Ganjem and Co!lem on river Mahadayi 

and river Khandepar resectively (Averaged over the Period of 1979-92}. 

Kama!aka Power Corporation Limited {Average yield calculated on the basis of 
Runoff-Rainfall correlations in the Mahadayi River Basin over the period from 1969-85 
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4.5.2 Ground Water Hydrology 

Mahadayi catchment receives an average annual 

4400 mm with water table contours at a depth of about 600 m 

water is restricted to 100 m depth in weathered residual, fractures 

The aquifer yield varies from 0.001 to 0.005 

the region ranges from 143 to 232m2/day. 

during pre-monsoon is less than 2 m with 

4m. 

Water holes are small depressions which retain water a 

yearlong. Water may be derived from seeps or the water hole may oe merely a 

the otherwise dry bed of stream. Existence water holes in the project area 

been documented by the Forest Department, 

Many types rock formations are present in Goa . Groundwater occurs 

water table condition in alluvium, lateritic mantle and in weathered zones 

there is no laterite cover and in semiconfined to confined 

fractured zones, covered weathered zones, iron ore (powdery), etc. 

Hydrogeological survey been 

1 sq.km in the northern part of Goa 

out by CGWB ( 1 

Pernem, Bardez, 

Satari talukas and in parts of Ponda and Sanguem talukas. The survey 

wells inventoried penetrated laterite and the underlying lithomarge 

main aquifer except those around and south west of Sanvordem 

met with either quartz-chlorite schist or granite gneisses, and in the northwestern 

where the wells pierced through the jointed schistose rocks. Groundwater occurs 

water table condition in these formations and the configuration of 

table is controlled by the topography. In the plateau area and high 

of wells ranges from 9.4 to 26.6 m bgl and the depth to water varies 

21.9 m bgl. The wells located in the topographic lows range in 

11.95 rn bgl and the depth to water table varies from 1.5 to 8.4 m bgl. 

Seasonal 

between 

varies from 0 to L.) m. 

by the normal fluctuations. In some 

level between January and Apni. In me area 

are more pronounced and 

(February ). 
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an average annual 
rugged topography. 

of about 3500 mm. The runoff is 
infiltrated water the shallow aquifers 
gradient from eastern high 

valleys (discharge zone). 
• area 

adverse 
network of canals 

aquifers in Goa dis were explored the CGWB 
piezometers and deposit wells. Eight piezometers were constructed at 

Bicholim, Panchwad, Valkinim, Wadem, Cuncolim and 
these boreholes ranged from 12.2 to 74.5 m bgl. Strata logs 

cover upto 10 to 35m bgl and lithomarge from 15 to 55 m bgl followed 
rocks like phyllites, greywackes, metabasalt, gneiss, schists, etc. The 

ranged from 0.3 to 10 lps. It is noticed that ioints and fracture zones 
than the weathered zones. 

state government departments like PWD, PHE Irrigation drilled 
for water supply to villages. 

to 85 m bgl and their vields from 0.5 to 18 
these borewells ranges 

data on 10 hydrograph network stations established by CGWB shows that 
Goa during 1981 to 1 ranged from 5 to 15.28 m bgl (pre-

and from 3.41 to 10.61 m bgl (post-monsoon). The average annual 
during'the period ranged from 0.81 to 6.90 m. 

and manganese ore mines are situated on a ridge of about 40 to 60 m 
valley plains where the villages and their dugwells for domestic 

A5 ........ v .. use are situated. Older mines have reached a depth of 30 to 50 m bgl i.e. 
same elevation as that of the village Dewalvade, Navrangaon, etc. The depth of wells 

area ranged from 6 to 15m bgl and the depth to water ranged from 4.5 to 12.5 
Panchayat well in Devalwada had a depth to water of 10.15 m on 30.5.83 

m on 13.9.83. Thus. the annual water level fluctuation was 2.5 m. During 
season, tne mme area receives an average rainfall of 3000 mm. 

out after the rainy season to restart the mining operations. 
rain water 

a result of mining operations along the ridges, the wells in valley portions 
less groundwater. Lateral recharge ranges from 0.5 to 1 Meum per working 

is some effect of mining on declining water levels and yields of 
groundwater from discharge zones to recharge zones 
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4.5.3 Sediment Influx 

Sediment is brought into 

all along the 

carried down the river between June 

flow. Literature indicates higher 

tributaries that pass through mining zone 

mine dumps and waste is a 

ofMandovi & 
(Fig.4.1 0). 

in Mandavi 

of suspended 

erosion 

dumps is erosion caused 

dump slopes. The sediments all the three seasons are 

the upper and middle estuarine region clay is 

reaches the estuary. 

Sources of Pollution in Mandovi River 

There are major industries 

pesticides, one sugar, one handmade paper and three iron ore 

pesticide industry provided for biological treatment before 

effluents into Cumbarjua canal. The sugar factory has provided wastewater treatment 

system comprising anaerobic lagoons followed by 

beneficiation plants are located in the respective mining area 

tailing ponds. Municipal Wastewater collection and treatment 

qnly in Panaji with treatment by ASP of capacity 4.5 

Mining contributes significantly to the economy 

iron ore mines in Mandavi basin discharging wastewater 

the quantity of ore mined, the estimated wastewater discharged in 

is presented in Table 4.9. There are a number of ore loading points on the 

river. Water pollution 

rejects and overburden 

result from 
4.10). 

Pollution by slick due to pumping 

operation 

pipelines has been reported in the navigable stretch 

sources of pollution in Mandavi river are 

to 

wastewater discharges from municipal towns and fertilizer industry. 

4.5.5 Water of Goa State 

water 
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Table 4.9 

Classification of Mines by Production Capacity and Wastewater Generated -
Mandovl Basin 

Wastewater No. of No. of Mines in Different Production (tonnes per day) Catagories 
Discharged 
m3/d 

Mines 

0 to 1 1 to 5 5 to 10 10 to 50 50-100 >100 

0 to 200 5 1 1 - 1 - 2 

200 to 500 6 - 1 - 4 1 -
500 to 1000 4 - 1 1 1 1 -
1000 to 2000 4 - - - 1 2 1 

2000 to 5000 5 - - - 1 2 2 

> 5000 2 - - - - - 2 

Total 26 1 3 1 8 6 1 
--- ... 

Source : ADSORBS, Union Territory Of Goa, Daman and Diu (District Goa ) 
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5 (Table 4. groundwater 

is reserved for domestic and industrial uses and hence not 
for development and draft. There are very few areas in Goa where 

an average capacity of 5 
_ . _ works out to 

The net ground water potential available for development is 

"""""'""at 420 Meum. Only about 8 of the ground water resource is utilised for 
The balance ground water resource available can cater to the needs of 

auwuvmu 15,000 dugwells or 7,000 borewells. 

a 

anticipated annual water requirements of Goa for domestic water supply, 
irrigation projects from the Mahadayi basin are as follows : 

Supply 
Medium Irrigation 

Total 

Works 
to Mandovi. 

130Mcum 
387 Meum 
67 Meum 
26 Meum 

610Mcum 

(109.5 

which 

is met Khandepar 

net sown area is 1.28 lakh ha . 

. The perspective plan for surface water 
(Table 4.11) and 11 medium irrigation 

Mandovi basin. 
tributaries 

irrigation 
3800 ha of 

medium irrigation project on Surla (Nanoda) river, a tributary of Mandovi 
of land was proposed by Government Goa . The project, 

Government of Goa, Daman and Diu and the 
Commission, was not approved by the Advisory Committee constituted 

(Conservation) Act 1980 due to the submergence of 503 ha of forest 
revised proposal with 

the Ministrv of 

~ 

of submergence or rorest lana was not 

Forests, Govt. India. 
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Table 4.10 

Total Rec:harae and Ground Water Potential In Goa 

Sr. I Source 
No. 

. l Monsoon rainfall 

2. 

4. 

5. 

354 

525 

Source· Ground Water Resources and 
Develooment Potential of Goa 
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Table 4.11 

Details of Proposed Minor Irrigation Projects In Goa 

Sr. Taluka No. of Reservoir Canal Canal 
No. Minor Area (ha) Length Command 

Irrigation (km) Area (ha) 
Tanks 

1. Tiswadi 1 40 3 100 

2. Bardez 3 237 13.05 490 

3. Salcete 2 20 - 560 

4. Mormugao 2 110 8 950 

5. Pemem 8 217 23.75 1840 

6. Bicholim 6 247 29.50 1710 

7. Satari 6 172.50 19.50 530 

8. Ponda 5 210 31 1074 

9. Sanguem 16 617.90 68 2324.75 

10. Quepem 5 107 16.5 880 

11. Canacona 6 293.40 52 1780 

Total 60 2271.80 264.30 12238.75 

Source : CGWB, Ground Water Resources and Development Potential 
of Goa State, Julv 1988 
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Table 4.12 

Details of Proposed Medium Projects In Goa 

Sr. Name of Project Location Catchment Submer- Capacity Length of Command 
No. Project village/taluka Area (ha) gence of Tank Canal Area 

Area (ha) (m3) (km) 

Mandavi Basin 

1. Anjunem Anjunem/Sattari 1718 253 4483 38.00 21 

2. Mandovi Nanoda/Sattari 11906 615 11119 56.10 9080 

3. Ragoda Sancorda (Thandi 2687 207 3500 22.00 1700 
Surla)/Sanguem 

4. Mayda Mayda/Sanguem 1500 103 1955 30.00 1 

5. Khandepar Caranzol, Sanguem 3673 400 12350 40.00 11 95 

6. Dudhsagar Kuveshi/Supa 2220 40.1 5289.1 8.40 2832.8 
i (Karnataka) 

Zuari Basin 

' I 

7. Siridon Curca (Santan) 718 269 4500 20.00 2000 
I Tiswadi 

8. Uguem Barmaon/Sanguem 2250 450 5375 22.50 2335 

9. Kushavati Salkarna, Quepem 2700 425 7000 40.00 5000 

10. Kushavati Barcen Quepem 2000 280 5000 28.00 2000 

11. Talpona Quakem/Canacona 1300 112 1982 33.00 1200 

12. Kankon Chaudi-Canacona 820 106 1820 24.00 200 

Source : CGWB, Ground Water Resources and Development Potential of Goa State, Julv 1988 
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Water Quality 

study area was undertaken at 32 locations 
Mahadayi, its tributaries and ground water sources. Of the samples, 

~..-vu~;;~.-tvu from river Mahadayi (Mandavi), 7 from its tributaries in Karnataka 
Karnataka and 5 Goa) from open wells, handpumps and tube wells. The 

sampling locations depicted in Figs. 4.11 through 4.13 are presented 
Monthly data on salinity and flora and fauna was collected from 14 out of 

locations along the river Mahadayi, while seasonal data on physico­
parameters and heavy metals was collected from 13 locations. Sediment 
from the river bed were collected and analysed for pesticides and bottom 

Sampling was carried out during monsoon of 1995, summer of 1996, and post­
monsoon -

The analytical results of physical and chemical parameters, heavy metals and 
quality for surface ground waters are at Annexure 4.4 Table 4 
summarised in Table 4.14. The trend in variation of conductivity, 

and dissolved oxygen are depicted in Fig. 4.14 through Fig. 4.16 •. The data 
that the values of physico-chemical parameters were comparatively higher 

summer season when the minimum flow occurs than during monsoon and 
analysis data further showed that there are three distinct 

on as given below: 

i. Fresh water zone (limnetic) upto Ganjem site (R5) which the conductivity 
ranges between 33 and 120 J.!S/cm during all seasons 

oligohaline zone from Usgaon Pali (R6) to Arnone village (R7) 

the river 

fluctuates and ranges between 60 and 39200 
sea water intrusion upto the point R6 during 

zone rrom R7 to the 
2400 to 55200 J.!Sicm. 

of where the 

The river water turbidity remained low (1 NTU to 4 NTU) throughout the 
(Fig. 4.13). The ground water samples had a turbidity of 1 - 3 
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Near 

Kotni Dam Site 

Son ali 

Khadki 

Pa!i 

Kotambi 

Volvoi 

Arnone 

103 Km 

Between Chorao and Narao 

109 Kms 

Before the bifurcation 
of the River 

Ribander 

Mandovi 

2 St"h.r.&n"UII 

5Km 

15 Km 
Kamataka .. -

43 Km Goa 

58 Km 

68 Km 

78 Km 

80 Km 
River 

84 Km Collem 

88.5 Km 

96 Km ./ 

Zuarl River 

98.5 Km 
Canal 

101 Km 

106.1 Km 

Old Goa 

112 Km 

116 Km 

18 Km 

Arabian Sea 
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Table 4.13 

Details of Sampling locations for Water Environment 

Sl. I Source 
No. 

I Sampling Location 

Kamataka State 

1. Mahadayi River Near Kongla Village I R1 

2. Mahadayi River Kotni Dam Site I R2 

3. Hand Pump Village ehapoli near Vidya Mandir I G1 

,. I 4. I Nala Pansheer Nala 

I 
T1 

5. Open Well Village Talewadi (Near Pansheer Nala) G2 

6. River (Bail Nadi) Bail Nadi I T2 

7. Nala Kalsa Nala 

I 
T3 

8. Nala Surla Nala T4 

9. Nala Haltar Nata T5 

10. Nala Andher Nala T6 

11. Nala Mahadayi Nala near Tail Race dam T7 

Goa State 

12. I Mandovi River I Just startina point in Goa reaion near Sonali Village I R3 

13. I Well sample Near Sonali bus stop in front of Naik's house I G3 

14. I Mandavi River At Kahadki bridge in betweeh Bhironda and Khadki villages 

I 
R4 

15. I Open Well Near Bhiranda Village bus stand G4 

16. I Mandavi River At Ganjem near Bandla Water Suoolv intake ooint U!S cf ewe I R5 
River Gauging Station 

17. I Bore well I At Ganjem near Bond Ia Water Suoolv intake ooint U/S of ewe I G5 
River Gauging Station 

18. I Mandovi River I Bridae at Usgaon Pali I R6 ! 
J 

Coni d ... 
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Sl. Source 
No. 

9. Mandavi River 

20. Mandavi River 

21. I Mandavi River 

22. Ooen Well 

23. I Well 

24. I Mandovi River 

25. Mandovi River 

26. Mandavi River 

27. Mandavi River 

28. Mandovi River 

29. Mandavi River 

30. Mandavi River 

31. Mandavi River 

32. Mandavi River 

R - Surface Water 
- Ground Water 

Table 4.13 (Contd ... ) 

Sampling Location location 
Code 

At Kotambi Village R6K 

At Vagus Village R6V 

At Volvoi Village R6A 

In Usgaon Pali Village G6 

In Arnone Village G7 

At Ferri crossing near Arnone Village R7 

At Old Goa area RS 

Near T ongaon Village R9 

U/S of Pilligaon Village R10 

U/S of Konkan Railwav Bridge near Narao village R11 

Between Chora and Deewar Islands R12 

In Ribandar area near two concrete oillars on rioht bank R13 

Before Chorao Island bifurcation I R14 

End of Mandovi river at outfall in Arabian Sea near Jettv ! R15 
in Goa 

..., 
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Parameter 
Fresh Water 
Zone 

I. Physical Charncteristlcs 

Temperature 23-35 

pi 6.8-8.0 

33- 20 
(Jls/cm) 

TSS (mg/L) 0-0.005 

Turbidity NTU -4 

II. Chemical Characteristics 

T-Hardness 9-60 

Ca-Hardness 5- 36 

Mg-H 4-30 

iinity 10-52 

DO 6.0-7.8 

COD 3.9- 1 

Chloride 10-20 

inity (ppt) 0.02 0.04 

Phosphate 0 ~ 0.6 

Nitrate 0.1 -0.4 

Potassium 0.2 1.4 

Sodium 0.4- 7.2 

Sulphate -10 

Total 0.2-0.5 
Nitrogen 

Langelier Index (- I)-(· 

Ill. Heavy Metals 

Iron 0.04-0.3 

Manganese 0.01 -0.1 

,. Lead 0 0.01 

Cadmium NO 

Zinc 0-0.37 

Copper NO 

Nickel 0-0.02 

Table 4.14 
Data on Water In the 

Mahadayi!Mandovi River 
Oligohaline/ ~olyhali1 
Mesohaline Zone 
Zone 

Range in Values 

23-32 25-31 

6.6-7.8 7.0-8.1 

60-39200 2400-55200 

0-0.002 0.001 • 0.076 

1-3 2-4 

17-4120 240-5800 

10- 700 50- 180 

7-3420 90-4695 

14-60 30- 00 

4.1 -7.4 3.6-6.9 

- -
11 - 12650 774- 19500 

0.02 ~ 22.85 1.4 ~ 35.22 

0-0.52 0 0.04 

0.2-0.8 0.3- 1.0 

0.4-255 15.378 

2.2-7260 375 1400 

2-2883 16- 3880 

0.4-0.5 0.3-

>) (· IH· (· ~H . 

0.01-0.35 0.06-0.33 

0.03- 1.88 0.02-0.16 

0-0.04 0-0.02 

ND ND 

0- 0.11 0.01 -0.09 

ND NO 

0-0.03 0.04 

4-44 

Area 

Tributaries Ground Water 

23-33 24-

6.0-8.3 

26- 70 32. 

0-0.007 0-

1 • 6 -

8-58 -
4-40 -
0-30 4 1 

4-48 8-

5.3- 7.6 -
0-6.2 -
8-36 8-556 

0.02 ~ 0.07 . 
0-0.07 . 

0.1-0.7 0.1 -

0. ~ 1.9 -
2.0-6.2 2.3-

1-6 2.0 -

- -

(· i) (-0.: 1)-(· l) 

0.03-0.58 0-

0- 0-

0-0.02 0-

NO ND 

0-0.21 . 

ND 

-0.03 

Contd . ..,. 



Table 4.14 

I Ground 
Water I .,/ 

I 

Fresh Water 
Zone 

360-16600 1 050-2680000 700-276000 10-20600 

80-12000 37-13800 34-33000 0-4120 

and Lanaelier Index are 

\ iL 
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mainly to 

during loading and 

bed at Volvoi and Usgaon Pali also 
and manganese (Annexure 4.4, Table 17) which 

from the adjoining manganese and 
containers. 

Very low concentrations of BHC and traces of DDT were detected in water 
Mahadayi during October 1995, while the bottom 

presence of BHC & DDT upto 38 J.Lg/L (Annexure 4.4, 
pesticides concentration in the river water was below the permissible 

WHO and BIS for drinking water. 

Bacteriological Quality 

bacteriological quality of water in river Mahadayi is 
All or most of the surface water samples showed the 

and faecal coliform organisms during all the seasons and they 
estuarine region, particularly beyond Arnone 

water sample from borewell fitted with a hand pump in Chapoli 
to be free from coliforms. During post-monsoon season 

Land Environment 

Karnataka Region 

Physiography 

the remaining 
Annexure 4.5, Table 1. 

presence of indicator organisms of faecal 

Mahadayi basin is 203200 37500 
The land use particulars of the basin are 

on lana environment, 18 
district Karnataka were identified 
in Annexure 4.5, Table 2 and depicted in Figure 4.20 

The land use pattern surveyed and 
Annexure 4.5, Table 3 

only 148 ha 

of land under 
ha (8.9%) 

is irrigated. About 
cover. 1 ne mam rarest products are teak, 

rest of the area is classified as culturable 
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(3071 wasteland. During period 1980-1991, the 
the area under agriculture increased 

4.21). The wasteland area has also increased 

Quality 

the region are mostly lateritic and are developed from basalts. These 
undulating to hilly topography. The major soils in the region are 

Annexure 4.5, Table 4 and depicted in Plate 1. 

the region are classified into five categories based on the depth of 
Plate 2 and presented in Annexure 4.5, Table 5. 

predominant soil texture the region is clay to 
and loam (Plate 3 and Annexure 4.5, Table 6). 

loam followed 

the area are moderately eroded. The different erosion class in the 
the area under each class is depicted in Plate 4, and the details are 
Annexure 4.4, Table 

soil texture in the villages surveyed is sandy clay to sandy clay loam, 
at Kalsa and Haltar dam sites. The clay content of the soil 

19.8 to 47% and the silt content varies from 4.9 to 36.8% 
Table 8). The soils have moderate water holding capacity ranging 

to The hydraulic conductivity of soil ranges from 12 to 120 mmlh.r 
good drainage characteristics. 

reaction a pH of 5.4 to 6.5. The soluble salt content 
conductivity of saturation extract of the 

30 mS/cm. Amongst the cations, calcium is predominant 
magnesium while chlorides are the major anions in the 
4.5, Table 9). The soils are medium to good with respect to organic 

matter content which varies from 0.36 to 1.34%.The total nitrogen, phosphorus and 

c 

the range of 0.028 to 0.094%, 0.021 to 0.80 and 0.64 to 1.18% 
soil has low to moderate adsorption capacity and the CEC ranges 

meq/lOOg(Annexure 4.4, Table 

Land Capability and Irrigability Classification 

land capability classes 
classes suitable 

~v p·-
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soils grouped into 4 land 
or pasture(Piate 5 and 

"""' 



;"' 

4-56 

Unculturable W.Land 
1.1% 

Culturable W.Land 
10.5% 

Unculturable W l.and 
12.23% 

Culturable W.Land 
5.57% 
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forest cover 

respectively. 

2.4% 
unculturable 

land in the area is divided into two main categories (i) paddy 

under other crops including horticultural crops. Paddy land in the 
area is three types, viz. Khazan land, Kher land and Morad land.Khazan land is 

over Bardez, Panda, Bicholi and Pernam talukas and confined to the low lying 
areas near nvers. These lands are tertlle on 

grown. Kher land is distributed 
varieties of 

Panda, Bicholim and Bardez 
. Being fairly fertile almost all the area is 
of paddy. Morad land, also known as terrace 

and prone to 

Cropping Pattern 

under high yielding 
is confined to hillv areas 

The cropping pattern 
under each crop is 

area is shown in Plate 8, and the area 
Annexure 4.5, Table 15. Rice is the main cereal 

is grown over a large area. 
cashewnut, coconut, 

and mango are the major crops 

Soil Quality 

a small extent, 
sugarcane and 
the region. 

are grown. 
as pineapple, 

description of the different soil series, their physiography and approximate 
area within the 10,000 m wide study area are given in Annexure 4.5, Table 16 and 

are shown in Plate The climate, topography, geology, and 
..,~..,L.muu .have played important role in the development of soils in Goa. The soils in 

into 5 maior types: 

i) Lateritic soils, classified under Netrolim and Zaimolo series, occur on 
undulating uplands of Satari, Bicholim and Ponda talukas. The soils are 
strongly acidic in nature, well drained and mostly rich in organic matter. 

The 
patches 

The 

and phosphorus contents in the soil are very low due to heavy 
and acidic nature of 

to 

valley bottoms study area. 
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7.89% 

Unculturable W.Land 
32.67'Yo 

Pattern 
Goa 

the 



"" 

B are ec to 

4-68 







""' 

I 

on both sides of the river, good to marginally good land covers an area 

while land suitable for forestry and other purposes is spread over 
land in the study area is suitable for al!riculture while 

classified as suitable forest and other purposes. 

soils in the region are classified into 7 

Plate 15 and presented in Annexure 4.5, Table 
classified as not suitable for irrigation due to limitation of topography. 

4.6.2.6 Khazan Lands 

The physico-chemical characteristics Khazan land along 
upto Usgaon is examined to know the salinity status and possible d--~~<tuauu1 
Texturally the soils are clay loam and silty clay, the clay content 
44.8%(Annexure 4.5, Table 26). The hydraulic conductivity 

area is 

0.68 to 1.34 crnlhr indicating poor drainability. The soil reaction(Annexure 

Table 27) is strongly to moderately acidic. The total soluble (ECe) content 

is high (8.2 - mS/cm) and is 
from Arnone to Usgaon is 

that the total soluble salt content decreases with depth indicating 

Is is due to the action of sea waves on the nearby l 
pedogenesis. Also poor drainage in these soils is responsible 
saline water irrigation of paddy crop may accumulate the 

Among the cations and anions, sodium and chlorides respectively are 

the saturation extract suggesting the influence of sea water on 
matter content in the soil varies from 0.77 to 1.85% indicating UA\A.uuu• 

(Annexure 4.5, Table 28). The NPK values indicate moderate 

soils. 

Data on total soluble salts (ECe) in Khazan lands(Annexure 4.5, 
indicates that salinity near Old Goa is very high and decreases 

average of local and improved varieties of paddy crop at 

management is reported to increase as the salinity of the soils 

substantiated by the significant negative correlation obtained between 

the yield of paddy, with correlation coefficient (r) value of 

improved variety respectively (Figure 4.24). The prediction 

indicate lowering of salinity in the Khazan land in Mandovi, 

the Khazan 

4-71 
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Table 4.15 

Details of the Forest Area under in Karnataka 

forests 

Under river course 

Conservator of 

mmadaga Jamboti Kanakumbhi 
district of the worked and 

Sub 

4-84 

Area 

1040.50 

516.00 

330.00 

191.00 

2077.50 
..,#' 



common trees and coconut trees 

of the Mandovi shows on 1ts 

area. 

4.7.2.2 Wetlands 

Wetlands include areas of marsh, 

(natural or artificial, permanent or 

including marine waters upto 6 m depth at low 

categorised 

~ Mandovi 

paddies (Khazan land). 

; 06 

The wetlands comprises the Zuari 

the inter connecting Cambarjua canaL 

estuaries are divided bv extensive 

Goa are snuatea w 

consists of estuanne area, i 

These areas come 

lm 
Cambarjua 

banks. 

have 7 ha and 2 ha of mangroves, 

Chorao island is located at the of Map usa 

north, the Mandovi from south. Chorao 

declared as reserved forest and bird sanctuary. The low-lying areas of 

support mangrove swamps. The salinity varies from 0.9-28 ppt 

surrounding this island. The central part of the island is 

m 

from 20 m to 93 m. A road runs some distance into the island. A connects 

island to the mainland. The estuary is an important spawning ground 

crustaceans and molluscs, together with many species of fish. the 

Meretrix sp., Crassorrea sp;, Peneaus sp., 

commonly cultivated species are Penaeus 
monoceros. The site is also an important 

ducks and shorebirds. Anas acuta occurs in particularly large numbers, 

30,000 were present in January 1987. The ducks roost on the 

feed in surroundin!! rice oaddies at ni2:ht Other water 

1987 included : 

T. 
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indicators of 

top of most 
and 

of 

are 

tream, city wastes, and sewage is 

estuary. Mining activities are causing silting of 

mangroves are being cut for fuel and green manure. The Konkan 

which is constructed through coastal Goa, is cutting across the estuarine 
This is likelv to imoact the coastal wetland ecosystems of Goa. Mangrove 

be affected due to changes in land use due to 

area (depth < 6 m ) is occupied by tree species of 

intertidal mudflats including Chorao island are occupied 

species. The wetland along the Mandavi estuarv thus consists of 

occupying an area of 700 ha. 

is tmportan t tor 1n tense 
molluscs together 

use estuarine wetland ror snener, n 

Commercially important species are Panaeus monodon, P. 
monoceros. Migratory birds and shore 

Island, the mangrove wetland is vast and support a diverse 

and residential species such as painted 
spotbill, shoveller, little grebe, 

and fishing eagle. Other fauna include bats, jackals, water 

'-'lVvVUHvJ etc. 

areas are farming, fodder and 
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Table 4.16 

Value Index and Shannon Weaver Index for of 
the River Mandovi 

Mangrove 

I 
Relative Values in Percentage Importance I Shannon·· 

Species Value Index Weaver 
Index 

Dominance Densi 

Sonnerolia I I 4.3 I 100 100 I 100 100 I 0 

3.2145 57.55 I 5143 33.3 47.48 

6.5 I 2.3560 42.Hl 37.14 33.3 37.54 I 1.403 

1520 0.27 11.43 33.3 5 

10.6 

I 
.5267 33.1 35.9 21 30.13 

6.3 0.4382 9.5 21 21.4 17.4 

I 0.659 14.3 14.6 21.4 16.76 I 2.365 

I 1607 25.2 11 14.3 16 9 

0 5196 113 14.3 11 

6.6 6.9 7.2 6.9 

I I 4.1 84.8 93.2 47.6 75.2 

836 3.8 VI 19.0 8.4 

0 1020 2.1 2.4 I 14.4 9.3 

39 .6 9.5 5 I 0480 
I "" I 0.2642 4.4 9.5 4.76 

4 1319 91.7 95.9 62.5 83.36 

0. 4.3 .7 12.50 6.17 I 0.287 

I 01836 4.0 2.4 I 25.0 I 10.47 

number of individuals per 00 
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Mandovi River at Old Goa, Ribandar and Jetty 

Mangrove vegetation statts in smaU patches along the ngnt banK near 

Mandavi bridge. these patches are also fout'ld on the ~eft bank and are 
planted, protected and conserved. They con,sist mostly of Rhizophora mucronata. 
Sonneratia alba and Acanthus ilicifolius are also recorded from ditches and 
the side of the river in t_his area. In the stretch of Mandavi estuary from R8, R13 to 
R 15 stations, the Importance Value Index (IVI) (Table 16) shows 
mucronata was the most abundant among the mangrove vegetation. The 
Weaver Index in this stretch of estuary is 

Chorao Island & Deewar Island 

Further upstream in Mandavi estuary, the Chorao and Deewar 
and Rl4) are situated opposite Ribandar coast. The islands have grown in 
accumulation of sediments carried by the river. Since the 

, it has been reclaimed for paddy cultivation. Some area is 
farming. The beaches of these islands are now occupied 
mangrpves, forming the largest single patch of mangroves 

tribution of mangroves has been checked by construction 
mangroves for agricultural purposes and fish farming in both the ISililiLI:'<i 

construction around mangroves enhances siltation which 
status of soil and adversely affects the mangrove growth. The bunds 
movement of mangrove seedlings and prevent regeneration of 
mangrove flora of Chorao island consist of about 5 different species 
mucronata, R.apiculata Excoecaria agallocha, Avicennia 
alba 

The mangrove vegetation is found to be in the fringes 
island. The mangrove vegetation in Deewar island is present in 
species of Rhizophora mucronata, A. officinalis and Sonneratia 
presented in Table 4.16 indicates that Rhizophora mucronata is 
mangrove vegetation with IVI of 75.2. Other important species in the 
R. apiculata 

Konkan Railway Bridge to Arnone village 

Mangrove vegetation is present 
Konkan railway bridge ( R7,R9, RIO and Rl 
is observed at all olaces alon!! with other 
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d) Species diversity index( d) (Marg~def 1951): 

where, S = total number of species recorded 
N = total count of all species 

d = (S-1 

The Mandovi river at Naroa having maximum varieties 
highest diversity index (2.67). Usgaon- Pali with 1.16 

diversity (Table 4.18). During the present survey, 42 species of 
of which sandpipers and little stint are partially waders feeding otten on crustaceans. 
molluscs etc. None of the recorded birds is endangered as per Schedule 1 
Protection Act. 

In addition to avifauna, other species observed in Karnataka 
millipede, pill millipede, land leech, Indian cobra & common green 
of these species, land leech has the nuisance problem near Pansheer 
dam site. At the time of the survey, large number of leeches 
way at both the places. The snakes, Indian cobra and common green 
observed near Jamboti village and Kotni dam 

Investigation from state forest departments reveal that ll, 
of mammals, birds, reptiles, amphibians respectively are recorded 

around the proposed dam site (Annexure 4.6, Table 

The list of reptiles and birds available in the state of Goa is 
Annexure 4.6, Tables 5 and 6 respectively. As Goa has a 
extensive measures have been taken to protect the wildlife 
this purpose four game sanctuaries including a 
been set up in the state. The bird sanctuary, named after Dr.Salim 
along Mandovi river at Chorao island. Wide varieties of local as 
birds frequently visit this area. The list of resident 
bird sanctuary and a comparative statement of the census of select 
out in the sanctuaries Goa are presented in Annexure 4.6, 
respectively. The data reveals that the population of 
drastically (149 to 1033 percent) in 1993 as comoared to that in 1984. 

4. 7.4 Aquatic Environment 

status of the aquatic environment 
fauna in the Mahadayil Mandovi river has 

oligohaline, mesohaline and polyhaline zones of 
i) Nekton, Phytoplankton, iii) Meiobenthos, Macrobenthos at 
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Table 4.18 

and Dominance of Common Birds In the area 

Location Most Dominant Dominance Species 1 Total 
Index Index Richness 

Black drongo .44 50.00 4 8 

House crow 2.60 40.00 7 10 

1.84 46.15 7 65 

1.80 50.00 6 80 

2.15 38.46 8 65 

Kanakumbhi I House crow and small 2.17 28.00 8 80 
green bee-eater each 

Parwad I Small green bee-eater .73 38.89 6 100 
I #" 

Common myna 2.17 30.00 6 25 

little .16 68.49 6 183 

House swift 2.63 66.70 108 

Pariah kite 2.60 23.40 I I 118 

2.22 17.02 12 141 

1.53 46.15 6 65 

2.67 25.00 9 50 
each 

4-99 
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Table 4.19 

Seasonwise Structure of In Basin 

Season Sampling No. of Total Percentage Composition of Different Algae Shannon Palmer's 
Location Species Weaver Pollution 

Recorded Index Index 

I 
(No./ml) Cyano- Chloro- Bacillarto Dino-

phyceae phyceae ~ceae _211y_ceae 

1 ""'"'" 95 R1 3 157 . - 100 . 1.59 0 

I Summer95 " 5 1657 . 24 6115 2.292 6 

i 0 {J;w PV<I'>VV 96 .. 4 340 59 24 11 - 1.625 4 
I 

1 Mvn:>v;;; . 95 
I 

R2 2 315 - - 100 - 0.65 3 

Summer95 .. 10 1628 - 11 89 - 2.43S 6 

'Vllll IVH"VV 95 .. 4 260 38 54 1:1 - usn 4 

"'''" '""" I 95 T1 5 450 . - 100 - 1.68 3 

Summer95 .. 2 3Hl 50 50 - 1 3 

VJ I M '"VVI · 95 .. NR 

195 T2 4 340 - . 100 . 1.7 5 

Summer95 .. NR 

· v" "'"""""' 95 .. 5 202 66 8 26 - 1.588 2 

IV!UI!:>UUI• 95 T3 2 874 - - 100 . 1.0 3 

s ·96 .. 3 67310 - 21 2 77 0.861 3 

V<H IVH"VV 96 .. 6 435 50 38 8 4 2.956 4 

MvH;:,vv;t95 T4 6 4260 - . 100 . 2.31 8 

Summer96 
" 

3 4770 - 84 16 1.458 3 

V" HVH'>VVI 96 " 
7 512 42 31 27 . 2.301 5 

mvn;,vvd 95 T5 7 1887 . 17 83 2.52 10 

Summer96 .. NR 

vo• IUH~VVI 95 .. 7 219 31 46 23 . 2.463 7 • 

Mon:,wr 95 T6 2 475 . . 100 . 1.76 8 

Summer96 .. NR 

'IJ"I' I!V!I'>VVII 96 .. NR 

95 T7 NR 

Summer96 .. Nil - . - . . -
0 1J;;,v li\JIIl>VVI 96 .. NR 

Mv,1Svv• 95 Gi Nil . - . . -
Summer96 " 3 453 20 60 20 . NA NA 

. V;>i IIVH;>IJVI' 96 
" 

3 133 50 25 25 . NA NA 

M"'1S0~"'1 95 G2 Nil . . . . . . 

' Summer96 " 
Nil . . . . NA NA 

'~' IV "''-'VII 95 " 
NR 

-
Recorded 
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Mahadayi River: During monsoon season, the algal count 
water was in the range of 157 to 315 algae/mL. The water samples were 
diatoms with low species diversity of 2 to 3. Based on this, the 
classified as clean less dissolved nutrients at sub-optimum 

During summer season, algal counts were higher, 1628 and 1657 

Kotni dam (R2) and near Kongla village (Rl) respectively. Species 
at Kotni dam (R2) and the sample was dominated by diatoms. This mcucate 
enrichment of river water resulting in the higher values of 
Weaver Index to 2.4) and total algal count. 

During the post monsoon season, the phytoplankton count was 

the range of 260 to 350 algae/ml with the dominance of 
chlorophyceae species and low species 
alongwith sub-optimum level of nutrient enrichment in the river water. 

Tributaries of Mahadayi River : The tributaries of Mahadayi 

higher level of enrichment as phytoplankton count was found to 
obtained in Mahadayi river. In monsoon season, the phytoplankton 
from 340 to 4260 algae/mL. Among the tributaries, the Surla Nala was 
be more enriched as evident from the higher algal count 
Shannon Weaver Index. 

In summer season, the phytoplankton count in the tributaries ranged 3 8 
to 67310 algae/mL. The phytoplankton count in Pansheer Nala (Tl) was 

algae/mL with low algal diversity (e.g Shannon Weaver Index of 1) 
due to the limiting nutrients in water and turbulent flow in the 
Nala (T3) showed high phytoplankton count 67310 algae/mL. 
dinophyceae in the water sample was the effect of enrichment of certain 

to degradation of forest litter in the nala. This was indicated by the 
Shannon Weaver Index. In summer season, the flow in Surla Nala 
stagnant pools at some places. The phytoplankton count thus moderately 
upto 4770 algae/mL. However, the water is clean as indicated by the 

diatoms, low value of Palmer's Pollution Index (3) and moderate 
Weaver 

During post monsoon season, phytoplankton count in the water 

was found to be in the range of 202 to 512 algae/ml with the 

chlorophyceae. The water samples showed sub-ootimum I 
iS from 
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Table 4.20 

' 
Seasonwise Structure of Recorded in Mandovl 

Season Sampling No. of Total Algal -eroonli:!yt: Composition of DifferentAigae Shannv" 
Location Species Count 

Recorded ml) Cyanophyceae Chlorophyceae Bacil!atiophyceae '-"'"''X'Y"""" 

Winter 95 R3 25 943 - 13.5 85.4 u 3.3454 

Summer96 " 
4 191 - 44 55.5 6.5 11538 

Monsoon 96 " 2 51 - 21.6 78.4 - 0.7522 

Mean 10 395 - 26.4 73.1 0.5 1.7505 

Winter 95 R4 26 553 - 14.6 83.4 2.0 3.9392 

Summer96 
" 

4 72 - 25.0 73.6 1.4 11421 

Monsoon 96 
" 

5 24 - 33.3 66.7 1 4969 

Mean 12 218 24.3 74.6 -1:1 2.1927 

Winter 95 R5 22 655 . 28.4 69.5 2.1 3.1749 

Summer96 " 8 284 44.7 54.9 0.4 1.4195 

Monsoon 96 
" 

11 60 - 35.0 63.3 1.7 1.9240 

Mean 14 333 - 36.0 62.6 1.4 2.1128 

Winter 95 R6 28 1174 5.5 11 91.6 1.8 3.8838 

Summer96 
" 

11 353 24.4 0.8 74.5 0.3 1.8811 

Monsoon 96 " 
11 97 39.2 59.8 To 1.9106 

Mean 20 541 9.9 13.7 75.3 1.1 2.5585 

Winter 95 R6A 22 2539 9.6 86.3 4.1 3 5697 I 
Summer96 " NR . - - - -

! 

Monsoon 96 
" 

5 81 33.3 66.7 1 5887 

Mean 13 1310 4.8 16.6 76.5 2.1 1.7195 

} Winter 95 R7 33 1217 0.2 1.6 96.1 2.1 3.7581 

Summer96 .. 14 330 0.9 0.9 97.9 0.3 1.5606 

Monsoon 96 .. 15 105 - 29.5 66.6 1.9 2.1805 

Mean 21 551 0.3 11.0 87.5 1.1 2.5064 

Winter 95 R8 35 1243 0.8 2.6 89.0 7.6 4.1851 

Summer96 17 346 3.8 3.1 92.8 0.3 2.6734 

Monsoon 96 18 128 - 21.9 71.1 25383 

Mean 23 569 1.5 9.2 86.7 2.6 3.1323 

Winter 95 R9 17 1185 - 20 79.3 o-:7 3.1326 

Summer96 " 18 592 - 13.2 86.0 0.8 2.5898 

Monsoon 96 
" 

19 140 - 13.6 83.6 ':2:8 2.3857 

Mean 18 659 15.6 82.9 1.5 2.7027 
--------- L - ----· ·- ..... 

,. 
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Table 4.20 

Season Sampling No. of Total Algal n:::ru::IIL<:IY~ Cornpo:;1uur of Different Algae Shannon-
Location ~ru>riP<: Count Weaver 

Recorded (No.l100 Cyano- Chlofo-. Badllario- Dino- Index 
phyceae phyceae phyceae phyoeae 

17 1041 - - 98.0 2.0 3.0378 

" 
17 634 - 5.9 93.5 0.6 2.8280 

'Mvo•;::~vv 22 225 29.8 68.4 1.8 2.5107 
" -

Mean " 
19 633 - 11.9 86.6 1.5 2.7921 

R1 36 1821 3.2 0.9 87.4 8.5 4.0763 

" 
25 700 - 0.6 98.8 0.6 3.1942 

MLn•;:.vv• " 22 160 15.6 83.1 1.3 2.8821 

Mean 
" 

28 894 1.1 5.7 89.7 3.5 3.3908 

R12 32 1069 1.2 9.4 85.6 3.8 3.3844 

Sum " 29 598 - 10.0 88.0 1.0 3.1775 

I 

" 
40 158 - 12.7 80.4 6.9 3.9765 

Mean 34 606 0.4 10.7 80.5 3.4 3.5128 

Winter R13 40 1849 1.9 - 88.6 9.5 4.3716 

" 
46 937 8.5 0.5 80.2 10.8 4.5762 

" 
46 228 - 3.5 89.9 6.6 4.4458 

Mean 44 1005 3.5 1.0 86.2 8.3 4.4645 

R14 44 1102 - 0.3 94.6 5.1 3.8624 

.. 46 808 2.0 - 91.6 6.4 4.6713 

Mv11;:>vv1 .. 48 416 0.2 0.7 89.9 9.2 4.4617 

Mean 
" 

46 775 0.7 0.3 92.1 6.9 4.3311 

5 48 2882 2.3 0.6 91.1 6.0 4.4600 

.. 47 1480 4.8 . 88.0 7.2 4.7520 

1\IV!i;;:,UUI 
" 

48 678 0.1 - 92.8 1 4.5704 

Mean 48 1680 2.4 0.2 90.7 6.7 4.5941 

Recorded 
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Table 4.23 

Biomass I ....... Hn .... 
3

\ 

Month Sampling Location 

R3 R4 R5 R6 R6A R7 R8 

Nov 95 2.2 2.4 2.8 .2 1.1 1.0 0.4 

Dec 1.8 1.6 1.1 1.0 1.4 0.8 .9 2.4 

Jan 96 2.8 2.1 1.8 1.9 2.0 3.0 2.5 4.5 3.2 2.8 6.0 

Feb 2.7 1 1.6 1.5 1.6 2.6 2.1 3.2 2.8 2.4 4.5 

Mar 3.4 2.9 2.6 2.5 2.2 3.5 2.9 4.9 3.8 3.4 3.6 

1 1.3 .4 1.7 u 1.9 Ul 2.2 2.4 2.0 2.5 

.4 1.3 1.2 1.2 1.2 2.2 1.2 2.8 2.2 2.0 4.0 

.7 Hi 1.4 1.5 1.6 2.0 1.6 1.8 3.4 

1 1 1.2 .4 1.2 1.2 .4 L3 2.4 

1 1.0 1.6 .2 1.0 1.0 .4 1.8 i 

~ 

14 

/" 
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Table 4.27 

list of Nekton Recorded In Mandovi River 

Finfishes Rasbora neigherriensis 

23. Sieyepterus graseus 

1. Ambassis commersonii 24. Scatophagus 

2. Ambassis dussumieri 25. Sillago sihama 

3. Awaous grammepomus Stenogobius gymnopomus 

4. Barilius evezardi Teuthis vermiculata 

5. Cynoglossus puncticeps 28. Chanos chanos 

6. Danio devario 

7. Etroplus suratensis Shellfishes 

.!"' 
8 . Garra gotyla gotyla 

9. Gonoproktopterus thomassi 29. Macrobrachium malcolmsoni 

10. Labeo kawrus 30. Metapenaeus 

11. Leiognathus blochii 31. M.monoceros 

12. Mugil cephalus M.dobsoni 

13. Nemacheilus rubidipinnis 33. Penaeus marguiensis 

14. Osteobrama dayi 34. P.indicus 

15. Pseudorhombus arsius 35. Scylla serrata 

16. Parluciosoma daniconius 36. Unidentified {small crab) 

17. Puntius filamentosum 37. Macrobrachium 

18. P.amphibius 38. Villorita cyprinoides 

19. P.nigrofasciatus 39. Meretrix meretrix 

20. P.ophiocephalus 40. M.casta 

21. P.arulius 41. Paphia malabarica 
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Table 4.28 

Annual Marine Fish Catch In Goa State (Tonnes} 

Sl. Fish Group 1992 1993 1994 1995 
No. 

1. Sharks 115 314 201 26 

2. Rays 30 1 5 3 

3. Skates - - - 1 

4. Eels - - 3 4 

5. Catfishes 123 772 687 1710 

6. Wolf herring 360 229 172 143 

7. Oil sardines 3330 877 210 79 

8. Other sardines 10761 2080 4160 1574 

9. Hilsa shad - - 2 -
10. Other shad - - 3 -
11. Anchovies - - 3 27 

12. Stolephorus 35 74 65 -
"" 13. Thryssa 11466 220 525 -

14. Other clupeids 1113 319 321 269 

15. Bombay duck - - 2 -
16. Lizard fishes 355 147 150 -
17. Butter fish - - - 96 

18. Halfbeaks & Fullbeaks 34 - 10 -
19. Gofies - - - 76 

20. Rock cods 2 - 3 2 

21. Milk fish - - - 2 

22. Snappers - - 4 -
23. Threadfin breams s. 5 25 21 

24. Other perches 566 684 912 -
25. Goatfishes - 1 1 -
26. Croakers 851 644 1214 1006 

27. Ribbonfishes 2955 1420 2628 2181 

Contd ... 
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Table 4.28 (Contd .•. ) . 
0 

Sl. Fish Group 1992 1993 1994 1995 
No. 

28. Horse mackerels 9329 283 805 -
29. Scads 1821 13 2150 -
30. leather jackets 245 7 3 -
31. Other carangids 4750 1511 1567 168 

32. Silverbellies 409 44 152 126 

33. Big-jawed jumper 304 118 198 -
34. Black pomfrets 149 153 185 877 

35. Silver pomfrets 62 73 45 228 

36. Chinese pomfrets 4 7 3 -
37. Indian mackerel 7733 57684 38230 42712 

38. Seer fishes 1673 380 3496 917 

39. Indian whiting - - - 2 

40. Auxis sp. 2724 106 168 -
41. Thunnus tonggol 14 80 75 -
42. Other tunnies 87 - - -
43. Barracuda 43 42 45 -
44. Mullets 16 3 4 3 

---. 
45. Soles 891 3118 4213 3498 

46. Penaeid prawns 2997 3166 4355 5193 

47. lobsters 1 4 3 2 

48. Crabs 332 890 1987 1649 

49. Stomatopods 12310 17057 17143 "' 

50. Cephalopods 1096 6835 8996 7467 

51. Miscellaneous 847 1525 702 1142* 

Total 96407 101192 96726 71885 
- -

* In Stomatopods and miscellaneous fishes are recorded together 

Source : Director of Fisheries, Goa 
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Sl. I Name of the Society 
No. 

2. 

3. 

5. 

Goa. 

Table 4.29 

Fishery Co.-operative Societies In Goa 

Year of I Membership 
Establishment 

1964 135 

1964 499 

1990 45 

1991 70 

1991 140 
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Major Activities 

Boat Owners, Suppliers of 
High Speed Diesel, 
Maintenance of Fishlanding 
Centre 

local traditional fishermen 

Boat Owners, Suppliers of 
H.S.D 

Boat Owners, Suppliers of 
H.S.D 

Boat Owners, Suppliers of 
H.S.D 

-

f 
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The state has a fishing population of 10,000. But in spite 
returns from aquaculture and the availability of technical and fi 
there have been only a few fishermen to accept aquaculture to a large extent. 

the reasons for this, is the absence of clear titles to brackish 
investment on each hectare of farm averages nearly Rs. 4 

bank loans cannot be against mortgage property. 

Further, the Tenancy Act has led to the fragmentation of 

purchase of large areas. Long term lease of such 

agricultural purposes, and aquaculture is not recognised as an 
Besides, banks do not accept leased lands for mortgage. Lack of 
among Goa's land holding farmers, tardiness 

in disbursing subsidy are the other hindrances to prawn 

farmers. Another reason for the poor performance of the sector is the mve,uuu 

and high cost of prawn seeds. The Government has set up in 1989 a prawn uat .. u<;;;! 

at Benaulim in south Goa with the capacity to produce 50 
prawn. A private hatchery is also being set up at a cost of Rs. 

needs of farmers the region. 

4.8 Statistical Analysis 

4.8.1 Zooplankton 

Effect of salinity on the distribution of zooplankton species was assessed 
recourse to correlation and cluster analysis. During the study period of 
1995 to October 1996 a total of 52 zooplankton species were rPrru-£1 

Mandovi estuary. Samples were collected at monthly 
locations. salinity in Mandovi estuary/river ranged from 0 to 

on the season and the distance of the sampling location from the sea. 

February was considered as winter, March to May as summer and June to 
as monsoon season. analyses Were nPrtnrm SPSS package. 

Correlation Between Salinity and Abundance of Species 

the 
Coefficient measures linear 

data on species density was transformed to 
to ensure linearity of the data. The correlation 

sumrner, and monsoon are 
The correlation between any particular species 

followed bv two stars. This means that, 

of 
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Table 4.30 

Correlation Coefficient Between Salinity and 
of Abundance of Zooplankton 

Si. Species Season 
No. 

Winter 95 Summer96 
Ciliata 

1 Tintinnopsis sp. 0.5457"" 0.5915 ... 

2 Fave!la sp. 0.6384*" 0.6558"* 

3 Rhabdonella sp. 0.3055" 0.3307" 

Foraminifera 

i 4 Globigennia sp. 0.4105** 0.3789" 

i Cnidarla 
I 

I 5 Siphonophora sp. 0.4446" 0.3986"" 

I Ctenophora 

6 P!eurobrachia sp. - -
Copepoda 

7 Undinula sp. 0.5493"* 0.4953** 

8 Acartia sp. 0.2927" 0.2537 

9 Temora sp. 0.5280"" 0.5150"" 

10 Eutemora sp. 0.3546"" 0.3774" 

11 Oithona sp. 0.5806"* 0.7476** 

12 0. plumifera 0.2000 0.3805" 

13 Euterpina sp. 0.1160 0.4769*" 

14 Paracalanus sp. 0.5758*" 0.5161" .. 

15 Eucalanus sp. 0.3040"' 0.2561 

16 Centropages sp. 0.3936"" 0.4281** 

17 Pseudocalanus sp. 0.4806*" 0.4864"" 

18 Macrosetella sp. 0.6161"" 0.5101"* 

19 Microsetella sp. 0.4436** 0.4685** 

20 Metridia sp. 0.1920 0.4257 .... 

21 /sias sp. 0.3170* 0.5005** 

22 Candacia sp. 0.4129""' 0.3640"* 

23 Canthocalanus sp. 0.4596** 0.4159** 

24 Nannocalanus sp. 0.3111* 0.3451* 

25 Rhincalanus sp. 0.3790 .... 0.4806-

4-137 

values 

Monsoon 96 

0.3876** 

0.5129** 

0.3508"" 

0.2678 

0.2678* 

0.2252 

0.3645** 

0.5617*" 

0.2556* 

0.5733"* 

0.6068""' 

0.4954" ~.~ 

0.6618*" 

0.4102"* 

0.6118** 

"" 0.5247"* 

0.3728"" 

0.5491"" 

0.4520** 

0.5793""' 

0.5699"' .. 

0.5192"' 

0.6243 .... 

0.5968** 

0.6261 .... 

l 
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Table 4.30 

Sl. Species 
No. 

Winter95 
26 Microcalanus sp. 0.3406" 

27 Paradontella sp. -
28 Labidocera sp. 0.4680"" 

29 Oncaea sp. 0.3194* 

30 Heliodiaptomus sp. -0.7284 ... 

31 Mesocyclops sp. - 0.7185"* 

32 Microcyclops sp. - 0.7572"" 

33 Diaptomus sp. - 0.6649 .... 

Cladocera 

34 Penilia sp. 0.3781"" 

35 Evadnesp. 0.4416"" 

36 Moina sp. - 0.6616 .... 

37 Daphnia sp. - 0.6955""' 

38 Macrothrix sp. - 0.6556** 

Rotifera 

39 Brachionus sp. 0.6278** 

40 . Keratella sp. - 0.5007** 

41 Polyarthra sp. - 0.5898"* 

Pteropoda 

42 Creseis acicula I 0.4451** 

43 Creseis sp. 0.4904** 

Appendicularla 

44 Oikopleura sp. f 0.4804""' 

larval forms 

45 Brachiopoda 0.3644** 

46 Polychaeta 0.2591 

47 Cope pod 0.2683 

48 Cirri pede 0.4129*" 

49 Arachnactis 0.2985" 

50 Bivalvia 0.1811 

51 Gastropoda 0.4212*" 

52 fish eggs & larvae 0.1793 

Significant less than equal to 0.05 
.... Significant less than equal to 0.01 

Season 

Summer96 
0.3686" 

0.4648** 

0.4043"* 

0.2987 

- 0.6122** 

- 0.6240"" 

- 0.7236"* 

- 0.6704" 

0.2201 

0.3278* 

- 0.6405 .. 

- 0.5470 .. 

-0.5111** 

- 0.7553** 

- 0.6457** 

- 0.7138*" 

0.2915 

0.1817 

0.1267 

0.0730 

0.1702 

0.1026 

0.4506 .... 

0.1723 

0.1492 

0.1646 

0.2467 
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Monsoon 96 
0.5529** 

'0.5263"" 

0.5003"" 

0.5961** 

- 0.4821 .... 

-0.4467*" 

- 0.4239"" 

- o.4376"" I 
! 

0.5591-

0.5353-

- o.4s2o- I 
- 0.4531* I 

I 

- 0.4086" ! 

- 0.4696** 

- 0.4803*" 

- 0.4388** 

0.5455" 

0.5895""' 

0.5433"* 

0.6679*" 

0.0152 

0.4720"* 

0.6000"" 

0.1246 

0.4349"" 

0.0862 

0.4668*" 
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The results of Q technique applied to 
season are presented in Annexure 4. 7, Fig. 
done for winter and summer season. 

samples collected 
It also suooorts the 

The result of R-technique presented Annexure 

three seasons shows the existence of two distinct groups of zooplankton :-.ucouc:-.. 

the species are represented by species number for example 

represented as Species no. l, Fa vella is represented by species no. 2 etc. It is 
observed from the dendro!!ram that the species with oositive correlation 
group the second group comprises 

4.8.2 Phytoplankton 

xis 

correlation coefficient between 
transforming the abundance of phytoplankton 

species density, is presented in Table 4.31. 

4.8.3 Fish 

and abundance 
density to 

The between 
transforming the abundance of species 
density, is presented in Table 4.32. 

and abundance of 
to log(x+l), where xis 

4.9 Socio-Economic Environment 

This s:ction presents the baseline status of socio ecoi10mic 
along the river basin in the two states. In Kamataka, where 

* 

* 

power house would take place, the critical issues refer to : 

Submergence of 2 land to construction 

area 

land (inclusion 
purposes) 

other 

1 

use (Deforestation) 
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Table 4.31 
Correlation Coefficient Between Salinity and log values of 

Abundance of 

Sl. Species Season 
No. 

Winter 95 Summer 96 Monsoon 96 

! Cya >h 

1 Trichodesmium erythaeus 0.0943 0.3527" 0.3309' 

Chlorophyceae 

2 Pediastrum sp. 0.1815 0.2439 - 0~4995 .. 

3 Spirogyra sp. 0.3910** - 0.4630* - 0.2847" 

4 Ulothrix sp. - 0.2681 -0.0190 0.0152 

5 Cosmarium sp -0.1596 -0.0317 -0.0677 

6 Microasterias sp. -0.0377 0.1797 - 0.0657 

7 Zygnema sp. 0.0009 0.0787 - 0.1755 

Bacillariophyceae 

8 Cosonidiscus sp. 0.1739 0.3120 0.3748** 

9 Skelelonema sp 0.0742 0.0945 0.4878'* 

10 Hemidiscus sp. 0.1429 0.6396'* 0.6452'' 

11 Melosira sp. 0.0113 0.5249*' 0.6589'* 

12 Stepanophyxis sp. 0.3428* 0.3999* 0.6572 .. 

13 Triceratium sp. -0.0097 0 5051'* 0.5809 .. 

14 Biddulphia sp 0.2496 0 5247 .. 0.6201*' 

15 B. mobiliensis. 0.3626'' 0.5435'* 0.6684 .. 

16 B. sinensis 0.4503** 0.5832 .. 0.6481 .. 

17 Guinardia sp. 0.5101** 0.4978** 0.5439 .. 

18 Bellerochea sp 0.1540 0.4371 .. 0.5871'' 

19 Ditylum sp. 0.4484** 0.4829 .. 0.6834 .. 

20 Uthodesmium sp. 0.4444" 0.4297"* 0.5679 .. 

21 Chaetoceros sp. 0.4140" 0.6325'* 0.7128'' 

22 Grannatophora sp. 0.4053 .. 0.4213 .. 0.5524" 

23 Canpylodiscus sp. 0.0494 0.4069* 0.4379** 

24 Planktoniella sp. 0.1536 0.4838'" 0.5211 •• 

25 Bacteriastum sp. -0 0037 04280** 0.5654*• 

26 Eucampia sp. 0.1401 0.4532** 0.6387*. 
' --····-------------- ~· 
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SL Species 
No. 

27 Climacodium sp. 

28 Streptotheca sp. 

29 Thalassiosira sp. 

30 T. gravida 

31 Thalassionea sp. 

32 Rhizosolenia sp. 

33 R. stolterfothii 

34 R. styliformis 

35 R. hebatata 

36 Fragillaria oceanica 

37 Thalassiothrix sp. 

38 T. longissima 

39 Asterionella japonica 

40 Gyrosigma sp. 

41 Pleurosigma sp. 

42 Navicula sp. 

43 Nitzschia sp. 

44 N. longissima 

Dinophyceae 

45 

46 

47 

48 

49 

50 

51 

52 

53 
----

Prorocentrum sp. 

Dinophysis sp. 

Peridinium sp. 

Ceratium tripos 

C. fusus 

C. massiliensis 

C. furca 

Pyrocystis Fusiformis 

Noctiluca miliaris 

less than 
less than 

Table 4.31 

to 0.05 
to 0.01 

Winter 95 

0.3739** 

0.0886 

0.3216* 

0.2613 

0.3952*• 

0.3102* 

0.0814 

-0.1305 

0.0324 

0.2223 

0.2770* 

0.3036* 

0.3822** 

-0.0771 

-0.2725 

0.1352 

-0.1208 

0.1035 

0.1479 

-0.0120 

0.2632 

0.0676 

0.2801* 

0.2081 

0.2625 

0.0137 

0.1273 
......... 
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Season 

Summer 96 Monsoon 96 

0.5540** 0.5388** 

0.4157** 0.5379** 

0.6464** 0.5458** 

0.4574** 0.6074** 

0.5449** 0.5143*-

0.6673** 0.5233** 

0.4274*" 0.5244"* 

0.5526** 0.6767 .. 

0.6023"* 0.5494** 

0.4495** 0.6168"* 

0.5251 .. 0.6312** 

0.4742 ... 0.6905** 

0.5467** 0.6298** 
• 

0.3859* 0.6619** 

0.5241 .. 0.6862** 

0.4433** 0.6019** 

0.5239** 0.6608** 
' 

0.4685** 0.7840** 

0.4555** 0.6719** 

0.5422** 0.6073** 

0.4982** 0.5619** 

0.4676*• 0.5416** 

0.4289** 0.4891** 

0.5141** 0.4884 •• 

0.5406** o.662o·· 

0.4832** 0.6881** 

0.3928* 0.4652** 
~---------------- --



SL .... 
.I" 

Noo 

Table 4.32 

Correlation Coefficient between Salinitv and Loa Value 
of Abundance of Fish 

Season 

Winter 95 Summer96 Monsoon 96 

Fin Fish 

Ambassis commersonii 0.2886 0.1192 002690* 

2. Ambassis dussumieri 0.2072 Oo 1330 0.0950 

Awaous grammepomus -0.3139* -0.2729 -0.3007'' 

4. Barilius evezardi -0.2417 -0.3046* -0.1859 

5. '"' 
..:. 0.2248 0.1962 -0.1199 Jl• v 

6. Danio devario -0.3819"' -0.314r -0.2791* 

7. suratensis -0.0537 0.1210 0.0870 

Garra -0.2398 -0.2802 -0.2309 

90 Gorn.JJ.JI thomassi -0.2330 -001957 $ 

1 Labeo kawrus 0.1219 0.1446 -0.1562 

1iognatf' bloehii 0.2581 0.2891 Q 

12. (.;I:Jj.Jiii:IIU;:> -001343 0.0162 0.1076 

1 Nemacheilus "''· -0.3394* -0.6501"" -0.3172 .... 

14. Osteobrama -0.4227- -0.2794 -0.3313-

15. Pseudorhombus arsius 0.1181 -0.0677 -
16. Parluciosoma daniconius -0.5122'"' -0.4428"" -0.2254 

170 Puntius filamentosus -0.3999- -0.3348" -0.3357-

1 P. dmpf''"" -0.1719 -0.3380 -0.1685 

1 P. ,ig.· "''""'"'"''us -0.1719 -0.3874* -0.1182 

20. P. Oplii<.JV"'f·" .t. -0.2455 -0.2602 ~ 

~ '~· 
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Table 4.32 (contd •.• ) 

Sl. Species 
No. 

21 P. arulius 

22 Rasbora neilgherriensis 

23 Sieyepterus graseus 

24 Scatophagus argus 

25 Sillago sihama 

26 Stenogobius gymnopomus 

27 Teuthis venniculata 

28 Chanos chanos 

Shell Fish 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

Macrobrachium malcolmsoni 

Metapenaeus affinis 

M. monoceros 

M. dobsoni 

Penaeus marguiensis 

P. indicus 

Scyfla serrata 

Unidentified (small crab) 

Macrobrachium rude 

Viflorita cyprinoides 

Meretrix meretrix 

M. casta 

Paphia malabarica 

" Significant less than equal to 0.05 
Significant less than equal to 0.01 

Winter 95 

-0.1719 

-0.1719 

0.2740 

0.1710 

0.0957 

-0.0120 

0.3439" 

0.2706 

-0.4884** 

0.3134* 

0.4127** 

0.1985 

0.0771 

0.2125 

0.0640 

-0.2981 

-0.4545*" 

-0.3346* 

0.2759 

-
0.2174 

4-144 

Season 

Summer96 Monsoon 96 

-0.3660 -0.1642 

-0.5683** -0.2966* 

-0.3117* -0.2073 

0.0431 -0.0947 

0.0276 -0.1030 

0.0735 0.1980 

0.3496* -
-0.2802 -

-0.4979"" -0.4082-

0.2251 -
0.0800 -0.2023 

0.0788 0.2528* 

0.1260 0.2757* 

0.0194 - I 

0.2145 -0.1088 l 
I 
I 

-0.2685 -0.1182 

-0.1896 -0.2741* 

-0.0179 -0.1956 I 

-0.0339 -
0.2000 -

0.2011 -



* 

* 

* 

are: 

* 

* 

- 330 ha (needed 
area affected is 

Resettlement (R and 

~ubmerged villages 
1-lmi .. "t affected Population (PAP) 

affected households 

the PAPs 

1 \...,.CU~U~ 

3 

Compensation to nmtPf't affected population 

related issues are : 

1 Census 

3 
'620 

114 

besides R & 

on agricultural activities in the area due to submergence/ 
acquisition of agricultural land for the project 

Employment opportunities and income generation leading to change in 
economy (auxiliary and ancillary industries due to power supply) 

Health risks 

migrant and strain on existing infrastructure 

Change style of the local people 

Change in aesthetic attributes in the area 

Goa, the Mahadayi/Mandovi of km before 
the Arabian Sea near Panaji, the critical issues reference to the MHEP 

Effect on agricultural activity in the area due to changed flows arising from 
the impoundage and regulated release of water for power generation. This 

may lead to a change in existing irrigation practices in a few stretches, 

saline to fresh water 

Change in the life style of the people 

4-145 
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4.9.1 Demography 
0 

Along Mahadayi river in Karnataka, 

of Belgaum district. The demographic 

Annexure 4.8, Table 1 and summarised 

observations are : 

are D villages 

these 

Annexure 4.8, Table 2. 

demographic 

of the same 

Land area these is 37953 ha 

is 11080 a density of 291 per 

Sex ratio is (females per 

population is not recorded census 

Scheduled Caste population is 

population 

negligible, 

rate is 32% 

wrn .. nr rate is 50% of 

Cu 

of the workers are 

commerce, and industries 

Mandovi Goa 

(Fig. 

are 18 

are presented in Annexure 4.8, Table 3 along 

Annexure 4.8, Table 4. The silmificant observations are : 

These 

Panaji, 

are spread over 

and Sanguem 

area of these villages is 15997 

is 43809 a 

IS per 

4-146 
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Scheduled Caste is 1.26 % of the 

Scheduled Tribe population is 
census) are recorded 

Literacy rate is 66.2% which is 

population 

negligible, only 2 ( 

good 

However, the employment rate is only 34.29% indicating a 

between literacy and employment. The employed are even 
ibuted, viz. 30% in agriculture, 18% in industries, 19% 

commerce and 23% in other fields such as fishing etc. (Fig. 

4.9.2 Infrastructure 

support 
HQ on Belgaum-Panaji 

The 
the project 
Highway 
district place). 

point for access to the project 

is the nearest rail station on broad gauge, 
Railway. The nearest airport is Belgaum and the nearest sea port is Margoa. 
infrastructure resource base of the villages within the studv area Mahadavi is 
presented in Annexure 4.8, Table 5. 

In Goa, at present the communication between urban 
satisfactory as the villages are closely connected to urban centres 
network of roads and transportation facilities. This facilitates good amount 
marketing and other allied activities. 

Satari talukas good educational swadi, Ponda 
Facilities for higher technical 
only at Panaji. 

education like engineering, medicine etc. are 

4.9.3 Economy in the Region 

Belgaum 

the staple 
for 

4-148 

as as 
an important economic 

90 % of the population 
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vi. Volvoi: Main occupations of the villagers are agriculture, fishing 
to Panaji and Panda. Sand is dredged from river for use as building 
started this business due to saline nature river water. River water is not 
agriculture and drinking purpose. Rice, vegetables, chilly, coconut are the 
People opined that due to the project activities, water table of the 
go down and will cause adverse impact on fishing. 
available to some extent in the village but are not upto satisfactory level. 

vii. Beteui: Main occupation of the villagers is 
people are engaged in business and service. Rice, vegetable, supari, C·oconut, uruw . .ua. 

are main crops. Irrigation facility is 
available to some extent. People reported regarding 

to industries. They also stated that Mandovi water cannot be 
and irrigation as it is saline. 

Marsela: Main occupations the 
the main crop and is harvested twice a year. 

village but dissatisfaction prevails 

are business, and 
infrastructuralu1 ... unt~;:, 

Old Goa: People are engaged in various jobs viz. agriculture, 
fishing, transports, hotels, shops etc. People expressed satisfaction regarding 
and employment, and the standard of living is good. Mandovi river water is not 
for agriculture and drinking purpose as the water is saline. All infrastructural 

the vicinity. People reported that crime rate has increased 
are available' the area but dissatisfaction 

people due to inadequacy and bad quality services. 
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5. Identification of Impacts 

5.1 General 

The major step involved in the process of environmental assessment is 
identification of impacts as it leads to other steps such as 
evaluation of impacts. In order to identify and evaluate the impacts i:i:'>MJclau::u 

the project, it is necessary to establish a general checklist and 
environmental quality in the area under development, and the 
which may cause environmental impacts. Although the impacts 
in general while describing the existing environmental status, it is necessar 
stage, to identify for the various environmental components, the 

that are likely to arise due to the Mahadayi Hydro Electric Project. 

While a number of techniques like checklists, past incidents, 
matrices and network method are available for identification of 
case, the "Network Method" which involves understanding of 
effect relationship between an activity and environmental parameters, 
adopted. This method has been basically advantageous in recognizing 

be triggered by the proposed activities and provides a 
approach for the identification of second and third order effects. The 

the type impacts 
initially occur. The next step is to select each impact and identify 
tertiary impacts which will be induced as a result. This process is 

possible impacts are identified. The major advantage of 
allows identification of the impacts by selecting 
expected to occur. 

5.2 Impact Networks 

the backdrop of data collected during the site 
by the concerned authorities and the list of project activities 
report, the 'cause-condition-effect' networks have been generated 
components the project and presented in Figs. 5.1 

lines are to be read as 

are those taken up prior to start 
and include land acquisition, and 

any ·· 

impacts 
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Tabltt 

FIOWIII!t Ganjem bllfof"'! and after tlwi construction Kotnl R&SeNo!r 

Year/Month Flows at Totallnftow at Total Inflow Volume Volume Volume Volume 
Ganjem- at Kotni tapped at released from diverted llowing Ill 
ONe using Kotni to buitt Kotni tor from Kotni Gangem after 
(Cumecs) Correlatioo up storoge Power tor constructiOn 

(Meum) (Meum) Generation Irrigation Dam 
(Meum) (Meum) (Meum) 

1!17ll.aO 

June 54.62 141.58 50.0 50.0 0 

July 325.4 843.44 154 0 154.0 0 68944 

August 509.5 1320.62 307.0 229.65 n.35 977.67 

September 99.4 257.84 53.0 ·2005 73 05 1 

October 53.5 138.67 24.0 -45.07 69.07 1 

Nov-May 133.70 45.0 <246.53 291.53 380.23 

Total 2835.65 633.0 122.0 5!1.0 260035 

Volume which Is not aiiO\'V'ed to enter G0<11 "'3.995% 
Volume which will enter Goa " 96.1W. 

1980.a1 

June 220.78 572.26 155.0 155.0 0 417 26 

Juty 629.16 1630.78 313.0 313.0 

August 591.32 1532.7 269.0 195.72 73.28 

September 120.33 311.9 60.0 -6.3 66.3 13.3 318.20 

OctOber 43.33 12.31 45.0 -15.02 60.02 127.33 1 

Nov-May 81.99 67.0 -33•t0 401.0 

Total 4241.94 909.0 308.4 600.6 3820.24 

Volume which is not aiiO\'V'ed to enter Goa.. :t67"!. 
Volume which will enter GO<i .. 97.33% 

i981.a2 

June 131.30 340.33 56.0 56.0 0 284.33 

July 538.89 1396.8 290.0 290.0 0 

August 574.21 1488.35 313.0 239.44 7356 1135 61 . 76.3 

September 151.06 391.55 90.0 19.58 95.0 

October 53.03 137.45 42.0 -2302 65.02 16047 

Nov-May 96.38 56.0 -3344 390 390.4 

Total 3850.87 847.0 247.6 599.4 3449 

Volume which Is not allowed to enter Goa • 2.94% 
Volume which will enter Goa " 97.06*!. 

.r 
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June 

July 

August 

June 

July 

Total Inflow at Total innow 
Ganjem.. at Kotni 

(Cumecs) (Meum) 
(Meum) 

259,69 43.0 

1162.61 200.0 

702.07 I 
1819,77 

63.29 215.69 36.0 

64.1 33.0 

81.62 47.0 

I 
4223.69 669.0 

Is not allowed to entllr Goa ., 2.68% 
entllr Goa .. 97.32"A. 

444.01 140.0 

444.3 1151.63 220.0 

1327.88 214.0 

546.99 87.0 

62.4 I 161.74 :27.0 

108.08 41.0 

3740.25 729.0 

allowed to entllr Goa ,. 3.02"/. 

169.0 

1649.0 275.0 

293.5 76075 185.0 

331.0 44.0 

79.7 I 206.5 44.0 I 

110.15 I 42.0 

34-'10.61 759.00 

not allowed to enter Goa ,. 3.29% 
enter Goa .. 96.71% 

6,1 (Contd ... ) 

Volume Volume Volume Volume VoiUITI6 which 
tapped at released from diverted flowing at win flcMr after 
Kott1i to buin Kotni for from Kotnl Gangem after constn.tctioo of 1 

""' up storage Power lor collStruction ot Kotni Dam in 
(Meum) Generation Dam percent 

(Meum) (Meum) 

1962-83 

43.0 0 216.69 63.44 

200,0 0 1562.61 68.65 

256.91 73.09 1449.56 79.56 

Hi 34.4 113.3 214.29 99.26 

~36.3 71.3 122.41 145.54 

<~20.0 367.0 40Ui2 492.00 

545.79 545.79 3007.-41 

1983-8-4 

140.0 0 304.01 68.-47 

220.0 0 93163 1!0.9 

140.64 73.36 13.30 1073.94 80.88 

16.08 70.92 530.63 97.00 

~38.34 65.34 200.08 I 123.70 

-320.0 361.0 -'128.08 396.08 

570.62 570.62 3466.57 

1984-85 

-
169.0 0 55.89 

204.22 70.78 1444.81 87.62 

114.9 70.1 133 532.55 70.0 

42.4 329.4 99.52 

·26.4 72.4 234.98 113.14 

·329.92 371.92 440.07 399.52 

627.6 627.6 3195.91 

6--6 
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I 

Table {Contd ... ) 

Year/Month Flows at Totallnllow at Total inflow Volume Volume Volume Volume 
at Kotni tapped a! released from diverted llowlng at 

/' using Kotni to buin Kotnifor from Gangem 
(Cumecs) (Meum) Correlation up storage POI>Ver lor construc!lon 

(Meum) (Meum) Geneflltion Dam 
(Meum) (Meum) 

19115-86 

June 174.5 452.3 99.0 99.0 0 353.3 

July 323.3 837.99 165.0 0 672.99 

August 393.2 1019.17 210.0 773.95 

September 75.40 195.44 23.0 -47.3 242.74 

October 100.6 260.75 370 -35.02 72.02 295.78 

Nov-May 108.08 20 -185 7 205 7 293.78 

Total 2873.74 554.0 426.1 1426.1 2632.54 

Volume which Is not allowed to enter Goa"' 3.94% 
Volume which will enter Goa " 96.06% 

1986--87 

June 126.4 327.63 1660 166.0 0 Hl1.63 

July 288.3 747.27 216.0 129.2 86.8 618.07 

August 395.3 1024.62 98 0 23.26 74.75 888.00 

September 54.4 141.0 80.0 14.67 65.33 113.3 126.33 

October 29.8 77.24 71.0 69.5 75.74 

Nov-May 88.24 91.0 -282.55 373.55 370.79 

Total 240601 722.0 669.92 669.92 2240.62 

Volume which Is not allowed to enter G011 .. 4.70"/. 
Volume which will enter Goa .. 95.29% 

1981-<Sil 

June 60.50 156.82 75.0 0 81.82 

July 291 754.27 2300 230.0 0 524.27 

August 269.0 697.25 no 5.6 654 578.35 

September 95.09 246.47 63.0 1.2 61.8 13.3 245.27 

October 80.84 209.54 81.0 1.2 79.8 208.34 

Nov-May 100.4 60.0 ·185.7 245.7 286.1 

Total 2164.75 5800 1924.15 

Volume which Is not allowed to enter G011 ., 5.23% 
Volume which will enter G011" 94.17% 

6-7 



~ 

Table 6.1 (Contd ... ) 

Total infiow Volume Volume Volume Volume Volume which 
atKotni lapped at release<! from diverted flowing at will flow after 
using Kotni to buitt Kotni for from Kotni Gangem after construction of 
Correlation Power lor construction of Kotni Dam in 
(Meum) Generation Dam percent 

(Meum) (Meum) 

1988-89 

June 100.0 259.2 90.0 90.0 0 169.20 

I 
65.211 

July 1607.04 439.0 360.22 78.78 1246.82 77.58 

427.5 1108.08 86.0 74.87 983.65 

I 
B!l.n 

25113 

I 
652.67 169.0 73.1 13.30 557.37 65.4 

74.73 193.7 97.0 20.57 76.43 173X) 

I 
119.38 

82.82 102.0 -359.42 461.<12 442.24 533.98 

765.2 765.2 3572.41 

allowed to enter Goa " 2.90'!. 
enter Goa ,. 97.10% 

,/ 
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Table 6.2 

of Flows In Pre and Post Proiect Conditions 

Seg- Monsoon Summer 
Pre Project Post Project Pre Project Post Project 

! 

To To Ratio To To Ratio To To Ratio To To Ratio 
Sea Land Sea Land Sea Land Sea Land 

I 
2297.8 0.69 3110.1 2214.2 0.71 456.7 435.4 0.95 462.5 427.3 0.96 

I 3065.9 2067.6 0.67 2864.6 1984.6 0.69 418.4 399.4 0.95 425.2 390.8 0.96 

952.1 0.68 1371.5 932.0 0.68 197.6 184.4 0.93 201.0 181.4 0.94 
I 

1240.2 789.7 0.84 1199.3 n1.o 0.64 153.7 141.6 0.92 157.1 138.6 0.92 

372.3 0.51 604.7 382.9 0.63 48.4 43.8 0.90 50.0 42.2 0.88 

564.5 347.7 0.62 5n.4 358.2 0.62 43.9 39.4 0.90 45.4 37.8 0.87 

332.3 0.61 558.8 340.8 0.61 37.1 32.8 0.88 38.6 
./ 

31.2 0.84 

40U 0.63 5n.4 371.3 0.64 60.7 54.7 0.90 62.5 52.6 0.88 

9 .0 379.0 0.62 552.9 348.3 0.63 56.3 50.3 0.89 58.1 48.2 0.86 

355.1 0.61 525.6 322.5 0.61 50.3 44.5 0.89 52.0 42.4 085 

671 0.60 1065.8 844.5 0.60 80.4 70.6 0.88 83.9 67.0 0.83 

1503.5 968.4 0.64 1328.5 896.0 0.67 130.7 127.9 0.98 134.7 122.9 0.95 

938.1 0.57 1426.8 863.0 0.60 126.6 123.9 0.98 131.1 118.9 0.94 

592.1 0.53 831.7 417.0 0.50 117.6 115.4 0.98 122.0 110.S 0.94 

896.3 397.1 0.44 558.8 154.8 0.28 44.8 46.4 1.04 48.6 41,0 0.88 

813.4 0.47 1301.0 487.9 0.37 65.2 59.9 0.92 73.0 51.5 0.74 

1678.8 749.5 0.45 1216.3 408.4 0.34 16.0 1 .6 0.73 26.4 5.7 0.23 

' 
660.4 0.42 1070.5 273.3 0.26 12.7 7.1 0.56 24.5 3.2 0.13 

568.8 0.38 949.7 152.2 O.Hi 6.3 .8 0.29 21.3 0.2 0.01 

54.5 0.06 781.5 0.0 0.00 3.2 0.7 0.22 20.1 0.0 0.00 

47.3 0.05 781.2 0.0 0.00 1.5 0.0 0.00 Hl.S 0.0 0.00 

915.8 19.1 0.02 781.8 0.0 0.00 1.5 0.0 0.00 19.8 0.0 0.00 

-
890.3 0.0 0.00 782.0 0.0 0.00 1.5 0.0 0.00 19.8 0.0 0.00 

299.9 0.96 90.8 83.7 0.92 2.0 0.4 O.Hl 1.6 0.7 0.48 
-- ------

of "To land" "To Sea" flows 

S<>nmAnl Khandeoar river 

6-26 



II-

~ 

,g 
0 
c:: 

I 

Land-ward to Sea-ward Flow Ratio 

.2 

0.8 

.::....~ 

0.6 

0.4 

0.2 

0 
3 4 6 

A.'" .. PRE PROJ-MONSOON 

PRE PROJ-SUMMER 

t:::::::~ .. 

9 lO I 

Channel No 

6. 

6-27 

POST PROJ-MONSOON 

POST PROJ-SUMMER 



~ 

3500 

3000 

2500 

2000 

1500 

000 

500 

0 
1 4 

A_ PRE-PROJ:TO SEA 

POST-PROJ:TO SEA 

500 

400 

a 300 

~ 
u.. 

200 

100 

0 
3 4 

A_ PRE-PROJ:TO SEA 

POST-PROJ:TO SEA 

6 1 

6 7 

Monsoon Flow, cum/d 

6 'I 10 11 1:1 13 14 15 16 1 a 19 :11 22 23 24 

Channel No 

PRE-PROJ:TO LAND 

_Q_ POST-PROJ:TO LAND 

Summer Flow, cum/d 

'I 10 l1 12 13 14 Hi 16 17 16 19 21 22 21 24 

Channel No 

L PRE-PROJ:TO LAND 

LAND 

6.14 



40 

35 

30 

25 

20 

15 

10 

5 

0 

/' 

30 

25 

20 

15 

0 

5 

0 

I 

I 2 3 4 6 

A_ OBS PRE ffiOJ-SUM 

ffiD POST-SUM 

2 3 4 

OBS PRE PROJ-MON 

PRD POST-MON 

a 9 10 1 

Channel No 

PRD PRE PROJ-SUM 

6 9 10 11 

Channel No 

PRD PRE PROJ·MON 

- 6.15 

6-29 

l 18 l9 21 22 23 24 

21 22 24 



.,.,. 

on 

6-30 



~ ' 

' 
,.. 

. 

Table 6.3 

Revenue Gained from the Forest Produce from the 

SL 
No. 

1. 

2. 

Particulars 

forest area 

1. Sissum 
2. Nandi 
3. Matti 
4. Kindal 
5. 
6. Miri 
7. Hela 
8. OtherJ.W 

IL J.W. Poles 

' L 

Ill. 

IlL Fire wood 
IV. Bamboos 
v. Karvi 
VL Canes 

Total 

cost 

Net Revenue 

truck load "" 4 tonnes 

24.70 tonnes/ha 

52 noslha 

1325 Cum 
2980 Cum 
3125 Cum 
2975 Cum 
400 Cum 
50 Cum 
550Cum 

40500 Cum 

4183 nos. 
57815 nos. 
77447 nos. 

318425.00 Cum 
131345 nos. 
2914 trucks* 
24278 nos. 

I 

Source · Assistant Conservator of Forests. Khanaour Sub-Division, 

6-31 

.,....,.,..,.,.. .. ,..,,.. .. Area 

756/tonne 193 

40/no. 

19300/Cum 
7400/Cum 
9200/Cum 
8000/Cum 
2600/Cum 
4300/Cum 
2500/Cum 
2500/Cum 

375/no. 
250/no. 
250/no. 

250/Cum 
10/no. 

500/truck load 
5/no. 

I I 281 
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Table 6.4 

Tolerance of two Diversal Prawn at Variable Sizes and Acclimatlsat!on Salinities 

Species Acclimation Salinity (ppt) ! 
5 15 30 

Size Group Salinity Tolerance 
(mm) Min Max Min Max Min Max 

Penseus 10-15 4 20 5 30 10 42 

'"''1uiensis 30-35 3 30 30 10 44 

• •~,-~••acrUS 10-15 3 35 5 35 10 40 

monoceros 30-35 3 35 35 5 42 
~ -~ ~ -- '---~-

""' 
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Table 6.5 

Noise Sources and Predicted Noise Levels 

-
95 
-
83 
-
90 
-
97 
-
82 ,. I 

Dozer 96 

Drill 85 

Crusher (150 t 80-82 

Water tanker 85 

Mixer 80 

2000 kg) 120 
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1 

6.6 

Seismic Sources and their Potential around the Kotnl Dam Site 

Epi Dis Focal Mag Dis to Eng Accer Feature 
! 

Depth Zone 

8 12 6.0 10.00 0.18 Lineament A 

15 12 6.0 16.15 0. 3 Lineament 8 

50 12 6.0 50.35 0.05 Lineament C 

30 12 6.0 0.08 Deep sealed 
fault 

-~---·· .~- '-----------~ ~-- --- -----·~·-'---~--· 

The attenuation relationship Abrahamson and Utehiser 
In this case E and Fare taken to be 0. 

Lineament A 8 and C are shown in Fio. 4.4. 
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