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CHAPTER-1
INTRODUCTION
1.1 GENERAL
Basin study for any river basin can be defined as its ability to provide optimum support for
various natural processes and allow sustainable activities undertaken by its inhabitants. The
same is determined in terms of the following:
. Inventorisation and analysis of the existing resource base and its production,
consumption and conservation levels.
. Determination of regional ecological fragility/sensitivity based on geo-physical,
biological, socio-economic and cultural attributes.
. Review of existing and planned developments as per various developmental plans.
. Evaluation of impacts on various facets of environment due to existing and planned
development.
The basin study involves assessment of stress/load due to varied activities covering, e.g.
exploitation of natural resources, industrial development, population growth which lead to
varying degree of impacts on various facets of environment. The basin study also envisages
a broad framework of environmental action plan to mitigate the adverse impacts on

environment which could be in the form of:

o preclusion of an activity

J infrastructure development

J modification in the planned activity

o implementation of set of measures for amelioration of adverse impacts.

Thus, basin study is a step beyond the EIA study, as it incorporates an integrated approach
to assess the impacts due to various developmental projects. The present study basically
assesses impacts on aquatic ecology due to development of various hydroelectric projects in
the area to be studied as a part of the present study.

1.2 CONCEPT OF SUSTAINABLE MANAGEMENT

Implementation of any developmental project requires sustainable management of natural
resources. In order to ensure sustainable management of resources, an inventory of the
existing resource base and its production and consumption pattern needs to be studied. This
helps in developing conservation strategies for the resources and identification of
intervention areas for conservation effort. Sustainable development is also assessed by
determining the carrying capacity, which defines the upper limit of growth.

WAPCOS Limited 1
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Sustainable development calls for keeping life-supporting ecosystems and interrelated socio-
economic systems resilient for avoiding irreversibility, and for keeping the scale and impact
of human activities within supportive and assimilative capacities.

Sustainable development is a process in which the exploitation of resources, the direction of
investments, and institutional changes are all made consistent with future as well as present
needs. The sustainable development could be achieved through:

Carrying capacity based developmental planning process
Preventive environmental policy

Structural change in economic sectors

Enlarged and objective use of tools like

Environmental Impact and Risk Assessment
Environmental Audit

Natural Resource Accounting, and

. Life Cycle Assessment.

Planning for sustainable development based on the premises of carrying capacity implies
adoption of a normative, rationalist approach to planning, wherein planners subject both the
ends and means of public policy to rational considerations. Sustainable development
requires pragmatic management of natural resources through positive and realistic planning
that balances human expectations with the ecosystems carrying capacity. It aims not only at
environmental harmony, but also at long-term sustainability of the natural resource base with
economic efficiency in the utilization of non-renewable resources, and structural shifts to
renewable resource utilization in economic processes.

1.3 NEED FOR THE STUDY

The Basin Study for Bichom Basin in Arunachal Pradesh has been initiated at the instance of
Ministry of Environment & Forests, Government of India while according prior Environmental
Clearance to Dibbin hydroelectric project being developed by M/s KSK Dibbin Hydropwer
Private Limited, New Delhi. Subsequently through a series of presentations, the Expert
Appraisal Committee (EAC) approved the TOR for the Basin Study for Bichom Basin. The
cost of the study has been shared on pro-rata basis by various project developers who
propose to commission hydroelectric projects in the study area. The work for Basin study
was awarded to WAPCOS Limited, a government of India undertaking under Ministry of
Water Resources (MoWR).

1.4 STUDY AREA

The Basin Study will assess impacts within the Bichom river basin up to confluence of river
Bichom with river Tenga. The Bichom basin map is enclosed as Figure-1.1 A total of 11
projects are envisaged in the study area to be covered in the Bichom basin. The list of the

WAPCOS Limited 2
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same is given in Table-1.1 and location of these projects is given in the study area map

e

nclosed as Figure-1.2.
TABLE-1.1

Details of projects in Basin Area to be covered as a part of the study

S. Project Name Project Proponent Levels Capacity
No. (masl) (MW)
1 Bichom HEP NEEPCO 770 - 600
2 Utung HEP KSK Dibbin HPL 1475-1325 100
3 Nazong HEP KSK Dibbin HPL 1325-1220 60
4 Dibbin HEP KSK Dibbin HPL 1220-1054 120
5 Dimijin HEP KSK Dibbin HPL 1054-982 20
6 Dikhri HEP KSK Dibbin HPL 1450-1225 15
7 Dinchang HEP KSK Dibbin HPL 1190-800 360
8 Jameri HEP KSK Dibbin HPL 1060-800 50
9 Dinan HEP KSK Dibbin HPL 1450-800 10
10 Nafra HEP Sew Energy Limited 990-780 100
11 Gongri HEP Patel Energy Limited 1450-1250 70

Total 1505

The Bichom hydroelectric project being developed by NEEPCO has already been accorded
Environmental Clearance by Ministry of Environment and Forests and the project is currently
under construction. Hence, the same has been excluded for the present study. Thus, a total
of 10 (ten) projects listed at S.No. 2 to 11 in Table-1.1 are being covered as a part of the

present study for Bichom Basin. As per the current level of investigations, these projects

shall generate a total of 1245 MW of hydropower.
1.5

The status of Environmental Clearance of the projects in Basin Area to be covered as a part

STATUS OF ENVIRONMENTAL CLEARANCE OF THE PROJECTS IN STUDY

AREA

of the study is given in Table-1.2.

TABLE-1.2
Status of Environmental Clearance of the projects in Basin Area to be covered as a
part of the study
S. Project Name | Project Proponent Status of Environmental Clearance
No.
1 Utung HEP KSK Dibbin HPL Process yet to start
2 | Nazong HEP KSK Dibbin HPL Process yet to start
3 | Dibbin HEP KSK Dibbin HPL TOR Approved by EAC for River Valley
Projects, Ministry of Environment and
Forests
Public Hearing conducted
4 | Dimijin HEP KSK Dibbin HPL Process yet to start
5 | Dikhri HEP KSK Dibbin HPL Process yet to start
WAPCOS Limited 3
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S. Project Name

Project Proponent

Status of Environmental Clearance

6 | Dinchang HEP

KSK Dibbin HPL

Project under  Appraisal for  Prior
Environmental Clearance (Scoping) by EAC
for River Valley Projects, Ministry of
Environment and Forests.

7 Jameri HEP

KSK Dibbin HPL

Process yet to start

8 Dinan HEP

KSK Dibbin HPL

Process yet to start

9 Nafra HEP

Sew Energy Limited

Project accorded Environmental Clearance
by EAC for River Valley Projects, Ministry of
Environment and Forests

10 | Gongri HEP

Patel Energy Limited

Project accorded Environmental Clearance
by EAC for River Valley Projects, Ministry of
Environment and Forests

1.6 SCOPE OF WORK
In the present study emphasis is laid on terrestrial and aquatic ecology.

The study

envisages both primary as well as secondary data collection. The detailed Terms of
Reference approved by Expert Appraisal Committee (EAC) for River Valley Projects of
Ministry of Environment & Forests (MoEF) is enclosed as Annexure-I.

The key features of the Terms of Reference for the basin study are presented in the
following paragraphs.

Primary data collection has been colletced for the following aspects:

. Water quality
. Aquatic ecology
. Terrestrial Ecology

Secondary data collection has been collected for the following aspects:

Meteorology

Water resources

Flora

Fauna

Aquatic Flora and fauna

The following impacts studied as a part of the present study:

o Modification in hydrologic regime due to diversion of water for hydropower
generation.
o Depth of water available in river stretches during lean season, and its assessment of

its adequacy vis-a-vis various fish species.
o Length of river stretches with normal flow due to commissioning of various

hydroelectric projects due to diversion of flow for hydropower generation.

WAPCOS Limited 4
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o Impacts on discharge in river stretch during monsoon and lean seasons due to
diversion of flow for hydropower generation.

J Impacts on water users in terms of water availability and quality

J Impacts on aquatic ecology including riverine fisheries as a result of diversion of flow
for hydropower generation.

o Assessment of maintaining minimum releases of water during lean season to sustain

riverine ecology, maintain water quality and meet water requirements of downstream

users.
J Impacts due to loss of forests

J Impacts on rare, endangered and threatened species
J Impacts on economically important plant species

J Impacts due to increased human interferences

J Impacts due to agricultural practices.

The key outcomes of the study were to:

o provide sustainable and optimal ways of hydropower development of Lohit river,
keeping in view of the environmental setting of the basin.

o Assess requirement of environmental flow during lean season with actual flow, depth
and velocity at different level.

1.7 BICHOM RIVER BASIN

1.7.1 Meteorology

Climatologically, a calendar year can be divided into four seasons. The pre-monsoon lasts

from March to May. The months of April and May are characterized by thundershowers. The

area comes under the influence of south-west monsoons from June to August, followed by

the post-monsoon season which begins from September and continues upto November.

During post-monsoon season, temperatures declines noticeably and precipitation received

also declines perceptibly. Winter season in the area is observed from December to March.

A meteorological station 5 km upstream of barrage site of Gongri hydroelectric has been

established by the project developer to record daily meteorological data. Monthly average

rainfall data from September 2007 to August 2008 was provided. The maximum rainfall

during the above monitoring period was received from June to September. On the other

hand, the months from January to March were the drier months. The annual rainfall received

during the monitoring period was 1190 mm.
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The temperature gradually rises from March to September and again starts declining from
October to December. The area witnesses a humid climate as there is little variation in
humidity throughout the year.

Temperature

The temperature in the study area varies with altitude. At higher altitides, temperature in the
winter months goes even below the freezing point. The temperature rises gradually after
February, and the month of August is the hottest month of the year, with mean monthly
maximum temperature of 23°C. The temperature under monsoon season is slightly warmer
than the summer season lasting from March to May. The temperature begins to drop in
monsoon months. January is the coolest month of the year with the mean minimum
temperature dropping up to 1°C. The average maximum and minimum temperatures at
monitoring station at Bomdila are 17.71°C and 7.91°C respectively. The month wise
variations in maximum and minimum temperatures are shown in Figure-1.3 and summarized
in Table-1.3.

TABLE-1.3
Monthwise variations in Temperature in the study area
Month Temperature (°C)
Maximum Minimum
January 11.27 1.18
February 12.04 2.0
March 15.42 4.66
April 18.19 7.35
May 20.128 10.32
June 21.17 12.31
July 22.44 13.73
August 23.14 13.75
September 22.03 12.82
October 18.53 9.44
November 15.09 4.91
December 12.86 2.39
Average 17.71 7.91
Total

Source: Socio-Economic Review of West Kameng District 2003

Rainfall
The rainfall is received throughout the year in the basin area. The precipitation is received in
the following periods:

e Pre-monsoon
e Summer monsoon

WAPCOS Limited 6
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e Monsoon
e Post-monsoon

Pre-monsoon

In Eastern-Himalayas, first pre-monsoon precipitation, mostly in form of thunderstorms, sets
in by the end of March. The months of April and May are characterized with thundershowers.
Summer-monsoon

The onset of the summer-monsoon in north-eastern India lies normally between the 30" of
May and the 5" of June. The southern trade winds cross the equator and move towards the
extreme low-pressure region in northern India and turn into the south-west monsoon, also
known as the summer monsoon.

Post-monsoon

In September the influence of the summer-monsoon begins to wane. During the post-
monsoon season i.e. from September to October/November, sharp decline in temperatures
is observed. The precipitation activity also declines perceptibly. Weather at this time of the
year is generally pleasant. In the mornings, valleys are filled with dense fog, but at higher
reaches, the sky is generally clear.

Winter-monsoon

In the north-eastern Indian mountain ranges, winter (November to February) is severe and is
characterized by low temperatures (but without significant snowfall). Precipitation occurs
only in conjunction with western disturbances (flat low-pressure areas). The temperatures
begin to rise slowly again from February onwards.

The annual average rainfall in the basin area is of the order of 2,000 mm. A major portion of
the rainfall is received under the influence of south-west monsoons during the months from
April to October. The months of June and July contribute most of the rainfall. Western
disturbances pass across or near the region from west to east from November to March. In
association with these disturbances, precipitation is received at lower elevations and
snowfall at higher elevations.

The monthly distribution of rainfall at three raingauge stations i.e. Bhalukpong, Dirang and
Seppa are shown in the Table-1.4. Seppa is located in eastern as well as upper part of
Kameng, whereas Bhalukpong in the lower part, Dirang is located in the Western part of
Kameng catchment. The average annual rainfall at various stations varies from 992 mm to

4407 mm. The rainfall varies received at a station varies with attitude.
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TABLE-1.4

Detail of average monthly rainfall at various raingauge stations

Average Monthly rainfall (mm)
S.No. | Month -
Bhalukpong Dirang Seppa
1. January 36 6 26
2. February 55 6 39
3. March 57 18 43
4. April 145 60 154
5. May 406 76 300
6. June 795 169 446
7. July 910 169 449
8. August 784 205 389
9. September 786 178 315
10. October 359 87 174
11. November 47 16 34
12. December 28 3 17
Average Annual rainfall 4407 992 2386

The month wise variations in rainfall received in the area are shown in Figure-1.4.

Humidity

Humidity is high throughout the year. The relative humidity is close to 90% during monsoon
months. However, during other months of the year, humidity is marginally lower as it ranges
from about 82 to 84%. The details are given in Table-1.5. The month wise humidity

variations are shown in Figure-1.5.

TABLE-1.5

Monthwise variation in humidity in the Study Area

Month Relative Humidity (%)
January 84.24
February 83.63
March 83.14
April 83.9
May 87.31
June 89.08
July 88.46
August 88.01
September 89.58
October 88.81
November 83.65
December 82.36
Average 86.01

Source: Socio-Economic Review of West Kameng District 2003
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Cloud Cover

During winter months, morning sky remains often obscured due to lifted fog, which withers
away as the day advances. During the period from March to May, the sky generally becomes
moderately clouded. Heavy cloud cover is occasionally observed. During monsoon months
from June to mid-October when the hills and ridges are enveloped in cloud, generally heavy
cloud cover is observed. Clear or lightly clouded skies are a common climatic feature of the
Monsoon season. However, during the north-east monsoon months too, heavily clouded and
overcast conditions prevail.

Special Weather Phenomena

The cyclonic storms originating from the Bay of Bengal sometimes on their way to upper
Assam, affect the project area. Thunderstorms occur between February and June. Those
occurring between March to May are similar to the north-westers of Bengal, and are violent.
Fog appears frequently in the valleys in the monsoon and winter months.

1.7.2 Topography

The entire study area lies in the state of Arunachal Pradesh, which is situated in the north-
eastern part of Himalayan region and can be divided into four distinct zones; the snow
capped mountains with elevations above 5.500 m, the lower Himalayan ranges ranging
between 2,000 and 3,500 m, the sub Himalayan Siwalik hills at around 700 m and the
eastern Assam plains. The catchment of river Bichom stretches between the snow capped
mountains and the lower Himalayan range, with elevations ranging from 1,000 m to 5,500 m.
The Bichom basin is a part of Kameng basin, which is a part of Brahmputra basin. River
Kameng is right bank tributary of river Brahmputra.

Gongri/Digo river valley resembles typical V-shaped valley of Himalayan terrain surrounded
by denudational hills. Developments of terraces were observed at few locations along
present river course on both sides of the river banks with an average elevation of about 5 to
15 m from the river bed. Development of shoals is also observed at some places along the
river.

In general both the banks of the river are mostly covered with slopewash deposits with
occasional bed rock outcrops. Major geodynamic features observed along the left bank of
the river are dormant slide zones with slopewash deposits and potential rock fall zones.

The river Gongri/Digo originates in the western part of Kameng basin at an elevation of 4600
masl. The main tributaries of river Gongri/Digo are Saskang Rong, Pasom Rong, etc. River
Gongri/Digo in its upper reaches generally flows in north-south direction, taking almost
straight course. The river has very steep bed slope that is almost of order of 104 m/km in its

WAPCOS Limited 9
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upper reaches up to Saskang Rong diversion site. The overall river bed slope up to diversion
site is 1 in 28. This river has a drop of about 3200 m from its origin upto diversion site.

1.7.3 Geomorphology

The geomorphology of the basin area shows the characteristics of the south-eastern
Himalayan Foothills. The drainage pattern is characterized by a bifurcated network of
tributary streams and nallas which drain steep-sided valleys. The surface is dominated by
overburden which is covered by dense vegetation. QOutcrops of bedrock are rather scattered
and are of smaller areas. Further in the north, at higher elevations, Higher Himalayas with its
rough mountainous morphology and less vegetation are observed.

1.7.4 Regional Geology

The rock sequences of the areas in the study area are principally of crystalline nature, of
high metamorphic degree and are complexly folded. These petrographic sequences of
Proterozoic age are attributed to the Central Himalayan or Inner Lesser Himalayan tectonic
domain. The tectonic domain is limited in the south by thrust faults from the Outer Lesser
Himalaya tectonic domain, with a rock succession represented by highly folded Permian
Gondwana rocks (coal-bearing fossiliferous rocks) with moderately metamorphosed
Paleozoic rocks of Pre-Gondwana age (phyllite, quartzite, dolomite). The Main Boundary
Thrust (MBT) limits the Lesser Himalayas from the autochthonous Sub-Himalayas in the
south (hills along the Brahmaputra Plain), represented by the Siwalik sedimentary rocks.

In the north, the Main Central Thrust (MCT) limits the Central or Inner Lesser Himalayan
from the Higher Himalayan tectonic domain, which forms the basement of the Phanerozoic
succession of the Tethys Himalaya (Tibetan Plateau). The trend or strike of the tectonic
domain boundaries and the principal thrusts are WSW-ENE. A generalized succession of the
different geological units existing in the Kameng District is given in Table-1.6.

WAPCOS Limited 10
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TABLE-1.6

Generalized succession of different geological units of district Kameng

Age Formation Lithology
Upper Massive brownish to grey sandy rocks, shaly
sandstones with inter-calated clay

Mio- Siwalik Group = mememeeee Tectonic Contact ------------

Pliocene Middle Reddish brown friable sandstone, Micaceous
With bands of pebbly sandstones and shale
——————————————— Tectonic Contact ------------------

Lower Grey to chocolate coloured sandstones with
a few trap rocks occurring as bands
MAIN BOUNDARY THRUST ----------mmmmmmmeee-

Permian Gondwana Group Fine to coarse grained brownish white to grey
sandstones, carbonaceous shale with plant
fossils of Permian age and a few thin coal
bands

TECTONIC CONTACT
Upper Slate, Phyllite, Quartzite and minor
Limestone

Paleozoic Bichom

(Pre- Pre-Gondwana Foromation

Permian) Group Lower Diamitites of various colours, slates

and sherty conglomerates with
minor limestone bands
TECTONIC CONTACT
Tenga Group Phyllite, Quartzite and Biotite Schist
Protero- Crystalline TECTONIC CONTACT ---------------
zoic Gneissic
Complex Dirang Fm.  Schist and Quartzite
Bomdila
Group Bomdila Augen gneiss, quartzite-
gneiss biotite gneiss with occasional

Dibbin Project area

TECTONIC CONTACT

bands of Quartzite

Upper Non-foliated kyanite-Sillimenite
bearing schist & gneiss with
Quartz migmatites
Sela Group
Lower Granite, ambhiboilites with cale-

MAIN CENTRAL THRUST

silicate marbles and sillimenite
bearing schists

Source: DPR Dibbin HEP, (Acharya, 1978; Kaura & Basu Roy, 1981)

WAPCOS Limited
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1.7.5 Seismicity

Seismically the north-eastern parts of the Himalayas are one of the most active zones in the
world. They are located at the tri-junction of three tectonic plates, the Indian, the Indo-
Burmese and the Eurasian. These plates are constantly in collision with each other, and as a
result, the rocks of this area have undergone repeated intense folding, faulting and thrusting
in a highly complex way so much so that many of the rock sequences have either been
eliminated or repeated. The structural pattern has at most of the times controlled the
drainage pattern of the rivers. This pattern is generally elongated in a WSW to NE-SW
direction but many transverse structural features have modified them.

Most Himalayan earthquakes have shallow foci (0-40 km), but there are few events with
focal depth in the range of 41-70 km

As per the Seismic Zoning Map of India (IS 1893:2002), the whole of the north-east including
Arunachal Pradesh has been placed in Zone V. This zone is susceptible to major
earthquakes. The seismic zoning map of India is enclosed as Figure-1.6. The list of major
earthquakes that have occurred in the region are given in Table-1.7.

TABLE-1.7
List of major earthquakes in the region
S. No. |Year Month Date ([Time Latitude Longitude Ms [Mw Depth
(Utc) (km)

1 1905 Feb 17 11:42 30.00 [95.00 - 7.1 |

2 1906 May 12 05:50 25.00 92.00 - 6.5 |

3 1906 August 31 14:57:30 [27.00 [97.00 7.0 | -

4 1908 December (12 12:54:54 26.50 97.00 7.6 |- -

5 1941 January 27 12:41:48 |27.00 [92.00 6.7 | -

6 1947 July 29 13:29:25 28,50 194.00 75 7.3 |

7 1950 August 15 14:09:28.5 [28.7 96.6 - 8.6 |

3 1950 August 15 21:42:16  [25.00 [95.80 8.0 | -

9 1950 August 16 06:41:59.5 [28.60 [95.70 7.0 | -

10 1950 September [13 11:07:34.1 |27.80 194.30 7.0 | -

11 1951 March 11 14:52:20 [28.70 [94.20 6.5 | -

12 1951 November (18 00:44:10 [27.70  [94.60 6.7 | -

13 1962 February |20 22:02:35 [26.13  96.94 6.7 | -

14 2000 June 7 21:46:55 [26.856 [97.238 6.5 6.4 |

15 2003 August 18 09:03:02 [29.547 [95.562 - 5.5 29
16 2005 June 1 04:16:48 [28.871 [94.59 - 5.7 [18

Keeping in view that the projects are located in high seismic area and considering the past
seismic events, it is emphasized that site specific studies are to be carried out by specialized

agency for optimal safe design of structures. This is also mandatory as per the Model TOR
WAPCOS Limited 12
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formulated by Ministry of Environment and Forests (MoEF).

1.7.6 Vegetation

The state of Arunachal Pradesh is a part of Eastern Himalayan Ranges. The state falls
within the Himalayan global biodiversity hotspots and is also among the 200 globally
important eco-regons of the world. It harbours the world’s northern-most tropical rain forest
and is estimated to contain nearly 50% of the total flowering plant species in India. The
diversity of topographical and climatic condition has favoured the growth of luxuriant forests,
which are home to various floral and faunal species.

Arunachal has a wide altitudinal range varying from 100 m to 7,090m(amsl). There are nine
wildlife reserves covering total area of 9,246 km?. It largely covers the low and mid elevation
forests. This is despite the fact the 23% of Arunachal lies above 3000 m. Only small parts
of some of the existing reserves extend into high altitude zone.

Based on altitude, rainfall and dominant species composition, vegetation of the study area
can be broadly classified as below:

e Temperate and sub-alpine forests at an elevation of 2800 to 4000 m.
e Sub-Tropical forests with an altitudinal variation of 900 m to 1000 m.
e Tropical forests upto an elevation of 900 m.

a) Temperate and sub-alpine coniferous forests

Temperate and sub-alpine coniferous forests occur between an elevation of 2800 m to 4000
m beyond temperate broad-leaved evergreen forests. They are found in areas which
experience snowfall during winter months. The lower limit of such forests is dominated by
mixed coniferous types, which include species of Abies, Pinus, Taxus, etc. whereas the
upper limit predominantly comprises of Abies, Juniperus, Larix, Picea, Tsuga and Taxus
species.

b) Tropical Evergreen Forests

The tropical evergreen forest extends upto an elevation of 900 m in the areas with heavy
rainfall. The top canopy or the upper storey in these forests mainly consists of tall trees.
Some of the commonly occurring species in these forests are Agalaia hiemii, Atlingia
excelsa, Artocarpus chama, Bilschofia javanica, Bombax ceiba, Callicarpa arborea,
Castanopsis indica, Dillenia indica, etc.

The next canopy is dominated by small trees and shrubs. Some of these species observed
are Ardisia crispa, Bauhinia purpurea, Baliospermum corymbiferum, Buddleja asiatica,
correa benghalensis, Oendrocnide sinuata, Illicium manipurense, Magnolia hodgsonii,
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Grewia disperma, Micromelum minutum, Oxysopra paniculata, Solanum laNum, Sambucus
hookeri. Canes, e.g. Calamus erectus and Calamus leptospadix occur in the swampy areas
and form impenetrable thickets.

This forest category is dominated by densely covered lianas and epiphytes. Some of the
common lianas species observed are Acacia, Bauhinia, Derris, Entada, Gnetum, Hodgsonia,
Mucuna, Piper, Thunbergia, Toddalia, Vitis etc. Several species of Calamus also stretch long
distances from one tree to another. Some of the common epiphytic orchids are species of
Aerides, Dendrobium, Cymbidium, Eria, Oberonia, Pholidata, and the epiphytic ferns belong
to Asplenium, Nephrolepis, Drymoglossum, Colysiis, etc.

The ground flora is dominated by herbaceous elements such as Begonia roxburghii, Chima
oblongifolia, Commelina sp., Derringia amaranthoides, Floscopa scandens, Oxalis
comiculata, Lobelia pyramidalis, etc.

c) Sub-tropical Forests

The sub-tropical forest in the mid-hill zone are rich in hardwood species like oak and
chestnut, pine and number of medicinal plants, bamboo and orchids. Depending on the
species composition, vegetation type can be further divided into two sub-types, Sub-tropical
Pine Forests and Sub-tropical Broadleaved Forests.

Sub-tropical Pine Forests

Sub-tropical pine forests occur at elevations between 1000 and 1800 m. These forests are
mainly represented by species Pinus in association with species like Alnus nepalensis and
Rhus javanica, shrubby and herbaceous vegetation, viz., Desmodium sp., Indigofera sp.,
Rubus sp., etc. The moist ground adjacent to the streams are covered with the taxa mainly
of Polygonaceae, Poaceae, Cyperaceae, Chenopodiaceae are very common with other taxa
of restricted occurance.

Subtropical Broadleaved Forests

The top canopy is dominated by species like Cinnamomum bejolghota, Bielschmedia
pseudomicropora, Engelhardtia spicata, Castanopsis indica, Euodia trichotoma, Quercus
grifftfhii, Lithocarpus fenestrata, Magnolia caveana, Michelia doltsopa, Ostodes paniculata,
Sterculia guttata, Ulmus lancifolia, Acer oblongum, Schima wallichii, etc. In valleys where
higher moisture Populus and Alnus flourish. This phenomenon may be due to the weather
condition alone, and that the species found on the drier slopes are probably better adapted
to such conditions while those in the valley require moisture and are not able to survive in

arid situation.
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1.7.7 Fauna

Jhum cultivation is prevailing in the study area being covered as a part of the present study.
The area under Jhum cultivation is disturbed and vast stretches of basin area do not support
large scale faunal. The study area is neither potential site for wildlife sanctuary nor offer
migration route to any major animal species. There is no national Park or sanctuary in the
study area.

The study area provides habitation and sustenance for numerous fauna. The mountains,
forests and streams, abundant food, shelter, water and large stretches of uninhabited and
comparatively inaccessible country provide favorable factors for sheltering many kinds of
wild animals. Earlier, this area used to harbour good wildlife. However, with increase in
human interferences, and as a result of clearing of forests for Jhum cultivation, forests and
wildlife are under threat. Wildlife is also under threat on account of pressure due to large-
scale hunting in the area.

The terrestrial fauna covers a wide variety of the taxa from vertebrates and invertebrates. In
the present context mammals, aves, amphibia and reptiles have been assessed from
vertebrates and insects from invertebrates.

Among mammals jungle cat, mangoose and field mouse are reported. Among reptiles House
Gecko is reported. Avian fauna includes Pegion, Dove, Myna, sparrow, etc.

1.7.8 Economy

Agriculture, mainly jhum, is the mainstay of the economy. Fishing and hunting, the main
pastime, is a source of subsistence food. The Mijis have kitchen gardens too, wherein they
use oak leaves as manure.

Even with low productivity, they are self-sufficient in foodgrains, mainly due to low population
and higher landholdings. Earlier, they only knew the use of bamboo stick as an agricultural
implement, but at present, iron hoes too being used.

Jhum cultivation is done in two phases. In the first phase, which takes place between
January and March, a jhum plot (pam) is prepared. A plot of land is selected, trees felled,
timber removed, and bushes and undergrowth put on fire. Ashes are then left on the ‘pam’
itself to act as manure. This phase may involve a family, a group of families, or even the
entire village, depending upon the size of the pam.

In the second phase, the seeds are sown in the ash. Usually, pam is cultivated for one or
two years. Then the land remains fallow from 4 to 8 years. The plots could be owned on
communal basis, though the trend is moving towards individual ownership. Seeds for the
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succeeding harvest are selected during the preceding one, and stored in big earthen jars.
The Mijis use oak leaves as manure. They raise two crops a year; the main ones being
paddy, wheat, barley, maize, millet and the minor ones are pulses, potato, yam, tuber,
cotton, chilly, etc. Usually, the first crop is of wheat and barley, which is sown in November
and harvested in May. The second crop is of maize, millet, buck-wheat, etc., which is sown
in May-June and harvested in September-October.

Food-gathering is predominantly carried out by the Miji womenfolk. Miji land has an
abundance of edible plants and leaves, which the women gather in large numbers for 6 to 7
months in a year, to supplement their food resources.

They spin the yarn from short staple cotton, obtain their dyes from the jungle, and weave
their fabrics on loin loom. In earlier days, when bamboo was the main industrial raw material,
the Mijis lived in bamboo huts, made household utility articles from it, wore ornaments,
raincoats and hats made of bamboo, and ate bamboo shoots and pickles. Also, bamboo jars
were used for storing beer as well as fetching water from the village spring and the river. In
the modern scenario, bamboo products are being replaced by metal utensils procured from
the markets at Bomdila, Tenga and Bhalukpong.

Livestock consists of mithuns, pigs, goats and fowl. Barring the mithun, the domestic animals
are kept in the basement of the dwelling. Mithuns are let loose to roam about in a state of
semi-wilderness, and brought home only when bride price has to be paid or a sacrifice
offered.

1.8 OUTLINE OF THE REPORT

The report is presented in two volumes listed as below:

Volume-I : Main Report

Volume-lI : Annexures

The outline of Volume-I (Main Report) is given as below:

Chapter-1 covers the need for the basin study, study area to be covered as a part of the
study. The scope of work and a brief profile of the study area is also summarized in the
Chapter.

Chapter-2 summarizes the details of various projects proposed to be developed in the study
area.

Chapter-3 outlines the methodology adopted for conducting the Basin study. The
information has been collected mainly from secondary data sources. The data available in
the project reports and DPRs of various projects. The secondary data was provided by
various project developers.
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Chapter-4 presents information on hydrological aspects of the Bichom river Basin.
Chapter-5 covers the findings of the water quality survey conducted as a part of the study.
As a part of the basin study, water quality sampling was conducted once per month for six
months from April 2009 to September 2009. The findings of the same have been presented
in this Chapter.

Chapter-6 presents the aquatic ecological aspects of environment. The study is based on
collection of data from primary as well as secondary data sources. As a part of the basin
study, detailed ecological survey was conducted once per month for six months from April
2009 to September 2009. The findings of the aquatic ecological survey were analysed and
ecological characteristics of the study area have been covered in this Chapter.

Chapter-7 presents the findings the terrestrial ecological survey conducted for two seasons
as a part of the study. The survey was conducted in the months of April 2009 and July 2009.
The information collected through secondary sources has also been presented in this
chapter.

Chapter-8 : describes the anticipated positive and negative impacts as a result of the
commissioning of various projects in the study area being covered within Bichom Basin. The
emphasis was mainly on water environment including water availability, water quality and
aquatic ecology including riverine fisheries.

Impact prediction is essentially a process to forecast the future environmental conditions of
the project area that might be expected to occur as a result of commissioning of various
projects in the study area. An attempt has been made to forecast future environmental
conditions quantitatively to the extent possible. But for certain parameters, which cannot be
quantified, qualitative assessment has been done so that planners and decision-makers are
aware of their existence as well as their possible implications.

Chapter-9 presents the Environmental Flows to be released for sustaining the riverine
ecology. Environment Flows have been estimated using various methods namely Tenant’s
Method, Index Method, Hughes and Munster Method and Building Block Methodology.
Chapter-10 delineates an Environmental Management Plan (EMP) for amelioration of
anticipated adverse impacts likely to accrue on water resources, aquatic and terrestrial
ecology as a result of commissioning of various projects in the study area. The approach
adopted for formulation of the Environmental Management Plan (EMP) has been to

maximize the positive environmental impacts and minimize the negative ones.
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CHAPTER-2
DESCRIPTION OF PROJECTS IN THE STUDY AREA
2.1 GENERAL
As mentioned earlier in Chapter-1, a total of 10 projects are envisaged in the study area to
be covered as a part of the Bichom basin study. The list of the projects is given as below:

Utung hydroelectric project
Nazong hydroelectric project
Dibbin hydroelectric project
Dimijin hydroelectric project
Dikhri hydroelectric project
Dinchang hydroelectric project
Jameri hydroelectric project
Dinan hydroelectric project
Gongri hydroelectric project
Nafra hydroelectric project

The investigations for seven of the ten projects are in preliminary stage and only
Reconnaissance survey reports have been prepared. These projects are:

Utung hydroelectric project
Nazong hydroelectric project
Dimijin hydroelectric project
Dikhri hydroelectric project
Dinchang hydroelectric project
Jameri hydroelectric project
Dinan hydroelectric project

For Gongri hydroelectric project, Pre-Feasibility Report (PFR) alongwith hydrological data
was provided. The Detailed Project Report (DPR) were available for only two hydroelectric
projects namely Dibbin and Nafra hydroelectric projects.

The description of various projects covered in the present Basin Study is given in the
following:

2.2 UTUNG HYDROLELETRIC PROJECT

The catchment area intercepted at Utung hydroelectric project site is about 630 km?. Three
tributaries join river Bichom upstream of the Dibbin dam; these are the Dakhri, Dibri and
Deyang, whose confluences are 1.1 km? 5.8 km® and 11.1 km® respectively. At the
proposed Full Reservoir Level (FRL), reservoir of the Dibbin project will extend back about
3.3 km up the Bichom valley and about 2 km up the Dakhri valley.

The Utung hydroelectric project would be the upstream most project to be developed on river
Bichom and would develop the highest head of the various projects which have to be studied
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(up to 300 m). By locating the dam a short distance downstream of the confluence of the
Devang nalla and the Bichom, a total catchment area of 311 km? would be intercepted.

As a part of the Reconnaissance Study, various layouts were considered for the project
headworks, including a dam up to 120 m height; which would provide considerable additional
generating head. However, the reservoir would lie within steep and narrow valley, are the
project would have a small generation capacity. The axis considered for dam is situated at a
narrowing of the Bichom valley, several hundred metres downstream of the Devang
confluence.

In view of the steep gradient of the upper part of the Bichom valley, it was decided to locate
the head works as far upstream as possible as this could allow a considerably higher head
for hydropower generation. The problem with this option is, however, the need also to make
use of the inflows from the Deyang Dalla, the confluence of which is only a short distance of
the dam site discussed above. The option considered was to locate the dam on this latter
nallah, on the sharp curve about 2 km upstream of the confluence, where the level is
estimated to be about 1750 m above mean sea level. From the reservoir so created, a
pressure tunnel about 2.5 km long which leads to the surge chamber will be constructed.
The inflow from the upper Bichom valley could be diverted into this reservoir by means of a
separate adduction tunnel, about 2 km long. Although this option would require longer
tunnels, the gain in head, and hence in energy production, could well justify the additional
costs.

Power waterways and power station

The left flank of the valley is the most suitable for the location of the pressure tunnel, which
would be about 2 km long and lead to a surge chamber based on a steep ridge roughly one
km from the head of Nazong reservoir. At the present level of investigations, both surface as
well as underground power houses are feasible. The final decision shall be made during
subsequent investigations to be conducted as a part of DPR Preparation.
Electro-mechanical equipment

Depending on the dam site selected, and the reservoir storage level (i.e. dam height) the
installed capacity of the Utung power plant will be in the range of 100 MW to 200 MW. In the
reconnaissance site survey report, the capacity envisaged is 96 MW with two units Francis
turbines. Depending on the civil design of the power house, switchyard is prepared to be
located on an excavated platform near to a surface power house.

The transmission lines from the Utung power station would extend down the Bichom valley
to the switchyard at the Dibbin power station, a distance of about 15 km. The project layout
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is enclosed as Figure-2.1. The salient features of the project are summarized in Table-2.1.

TABLE-2.1
Salient Features of Utung hydroelectric project
1. GENERAL
State Arunachal Pradesh
District West Kameng
Tehsil Nafra
Coordinates of the Dam Site 27° 29'13"N
92°31’32"E
Nearest rail head/Nearest Airport Bhalukpong / Tezpur

Name of the River

Bichom River

Name of river basin

Bichom River/ Kameng River

2. HYDROLOGY

Catchment Area upto headworks 311 km®
Average Annual Discharge: 23.8m%/s
Hydraulic Design Flood (1,000 year 2211 m%/s
Flood)
PMF 4351 m%/s
3. DAM AND RESERVOIR
Type Concrete Gravity Dam
Maximum height above deepest 38m
foundation (m)
Elevation of top of Dam (m) 1603 m asl
Length of Dam at crest (m) 129.7m
Full Supply Level (FSL) 1600 m asl
Minimum Operation Level(MOL) 1590 m asl
Gross storage capacity 1.3 Mm*®
Live storage capacity 0.6 Mm°®
Dead storage capacity 0.7 Mm°®
4. SPILLWAY
Type Gated overflow spillway
Discharge capacity (m®/s) 2211 m°4
Number of bays 3
5. POWER WATERWAYS
Head Race Tunnel

- Length 3600 m

- Diameter 3.6m

- Design Discharge and Velocity

36 m°/s and 4 m/s

Penstock

- Length

450 m

- Diameter

3m

- Design Discharge and Velocity

36 m%/s and 6 m/s

6 POWERHOUSE

Powerhouse

- Type Surface

- Location Left Bichom bank, at confluence of Dibri Bru
Turbines

- Type of turbine

Francis
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- Number of units 2

- Installed capacity 96 MW

- Rated net head (m) 291.7m

- Maximum flow through each unit 19 m%/s
Tail Water Level 1300 masl
7 POWER BENEFITS
Annual Design Energy (90% 380.4 GWhr/year
dependable year)
Mean Annual Energy 443.0 GWhr/year
8 COST ESTIMATE
Civil Rs. 313.7 Crores
Electrical/ Mechanical Rs. 97.4 Crores
Design, supervision & administration Rs. 20.6 Crores
Sub-Total (Generation) Rs. 431.7 Crores
I.D.C. Rs. 46.7 Crores
Total (including initial financing charges) Rs. 481.2 Crores

2.3 NAZONG HYDROELECTRIC PROJECT
The dam of the proposed Nazong hydroelectric project is envisaged to be located
immediately downstream of the confluence of river Bichom and Dibri nalla. The elevation of
the rivers at this confluence, has been estimated as 1300 masl, which is about 100 m higher
than the FSL of Dibbin reservoir.
In the Reconnaissance Survey Report, two options were considered for the Nazong scheme:

e concrete gravity dam to impound a reservoir and thus to create a greater generating

head

e run-of-river diversion weir for a lower head and providing little if any storage capacity
From these structures the power waterways, located in the left flank of the Bichom valley,
would serve a power station located at the upstream end of Dibbin reservoir. Barn heights
over the range of 40 to 120 m have been considered for the Nazong site, corresponding the
gross generating heads of 80 to 160 m above FSL of Dibbin reservoir. Given the steep slope
of the narrow Bichom valley, even a dam of significant height would impound a reservoir of
only relatively small volume and limited regulating capacity, which would extend back only
about 1.5 km upstream of the dam.
The pressure tunnel extending from the left end of the dam to the surge chamber would be
about 2 km long. It will be excavated through the left flank of the valley, across the curve of
the river, as this location will allow a somewhat shorter alignment for the available head.
Depending on the dam height selected, installed capacity of the Nazong power house will be
in the range of 32 MW to 76 MW. In the proposed project, a surface power house with a
capacity of 32 MW with 2 units of 16 MW each of Francis turbines are proposed. The
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transmission lines from the Nazong power station would extend down the Bichom valley to
the switchyard at the Dibbin power station, a distance of about 8 km. The project layout map
is enclosed as Figure-2.2 and the salient features are given in Table-2.2.
TABLE-2.2
Salient Features of Nazong hydroelectric project

1. GENERAL

State Arunachal Pradesh

District West Kameng

Tehsil Nafra

Coordinates of the Dam Site 27° 27°02°N
92°30’' 56" E

Name of the River

Bichom River

Name of river basin

Bichom River/Kameng River

2. HYDROLOGY

Catchment Area upto headworks 391 km*

Average Annual Discharge: 29.8 m°/s

Hydraulic Design Flood (1,000 year 2620 m°/s

Flood)

PMF 5155 m®/s

3. DAM AND RESERVOIR

Type Concrete Gravity Dam

Maximum height above deepest
foundation (m)

38m

Elevation of top of Dam (m) 1303 m asl

Length of Dam at crest (m) 131.5m

Full Supply Level (FSL) 1300 m asl

Minimum Operation Level(MOL) 1290 m asl

Gross storage capacity 0.2 Mm®

Live storage capacity 0.1 Mm°®

Dead storage capacity 0.1 Mm°®

4. SPILLWAY

Type Gated overflow spillway

Discharge capacity (m®/s)

2620 m°/s

Number of bays 3

5. POWER WATERWAYS

Head Race Tunnel
- Length 2350 m
- Diameter 40m

- Design Discharge and Velocity

49 m°/s and 4 m/s

Penstock

- Length

100 m

- Diameter

3.25m

- Design Discharge and Velocity

49 m®/s and 6 m/s

6 POWERHOUSE

Powerhouse
- Type Surface
- Location Left bank of river Bichom, approx. 2.1 km
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downstream of dam site

Turbines
- Type of turbine Francis
- Number of units 2
- Installed capacity 32 MW
- Rated net head (m) 72.2m
- Maximum flow through each unit 25 m’/s
Tail Water Level 1220 m asl
7 POWER BENEFITS
Annual Design Energy (90% 128.2 GWhr/year
dependable year)
Mean Annual Energy 149.1 GWhr/year

8 COST ESTIMATE

Civil Rs. 254.9 Crores
Electrical/ Mechanical Rs. 46.9 Crores
Design, supervision & administration Rs. 15.1 Crores
Sub-Total (Generation) Rs. 316.9 Crores
I.D.C. Rs. 34.6 Crores
Total (including initial financing charges) Rs. 353.5 Crores

2.4 DIBBIN HYDROELECTRIC PROJECT
The dam site of the proposed Dibbin hydroelectric Project is located in the upper reach of

river Bichom just downstream of confluence of Bichom Chu with Difya with its co-ordinates at
27°27'00"N and 92°31' 16"E. The dam site is approachable through PWD road from Rupa up
to Nafra and then a foot path of about 15 km up to Dibbin village. Power house site is
located near Nachibin village with its co-ordinates at 27°26'49"N and 92°30'58"E. Nafra is
connected to Rupa town by a PWD road. Up to Rupa town the road from Balipara is

maintained by Border Roads Task Force (BRTF) of the Government of India. Balipara, in

turn is connected to Tezpur on the National Highway No. 52. The nearest airport is at Tezpur

located about 25 km from Balipara.

The proposed project envisages construction of:

A gated dam 92 m high located 1 km downstream of the confluence of Dakri Bru
river with Bichom river. The length of the dam will be 165.8 m consisting of 54 m
of overflow section and 111.8 m of non-overflow section.

Reservoir upstream of dam will have gross and live storage of 7.085 Mm?® and
7.04 Mm*

A spillway with 3 bays of 12.0 m width each and controlled by 3 nos. radial gates
each of size 12 m x 15.53 m. Crest elevation of spillway shall be 1206.0 m.

A head race tunnel (HRT) 5.5 m diameter and 3.97 km long.

A surge shaft at the outlet of the head race tunnel 2.4 m diameter and 102.5 m
height.

A surface power house located 250 m upstream of confluence of Bichom Bru and
Debra Bru having installation of 2 units of 60 MW each with Francis type turbine
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designed for a net head of 158 m. The maximum flow through each turbine shall
be 44.5 cumec.

e A tail race tunnel/channel of 150 m length to discharge the tail water of Dibbin
hydro electric project into Ditch Bru

The salient features of the project are given in Table-2.3 and layout plan shown in Figure-
2.3.

TABLE-2.3
Salient features of Dibbin Hydroelectric Project
LOCATION
State Arunachal Pradesh
District West Kameng
Tehsil Nafra
River Bichomchu, tributary of Kameng river, Dokri Bru,
Difya Nalla
Longitude 92°30'58" E
Latitude 27°26'49" N
Access to the project By road from Tezpur (Assam) via Balipara
Bhalukpong and Rupa
Nearest Rail head Bhalukpong
Airport Tezpur
HYDROLOGY
Catchment area intercepted at Dam Site | 630 sg.km
Average Annual discharge at dam site 39.6 cumec
Average annual rainfall 2800 mm
Specific runoff 1975 mm/year
Probable Maximum Flood 7300 cumec
DAM
Type Mass concrete gravity dam

Maximum  Height above deepest | 92.0 m
foundation level

Elevation at top of dam 1223 m
River Bed Level 1158 m
Total length at crest 165.8 m
RESERVOIR

Full reservoir level (FRL) 1220.0 m
Free board (m) 3.0to FSL
Minimum Draw down level (MDDL) 1218.0 m
Gross storage capacity 7.085 Mm®
Live storage capacity 7.040 Mm*®
Dead storage capacity 0.045 Mm*®
SPILLWAY

Type Gated overflow
Discharge capacity 7380 cumec
Bay Width 12m

No. of bays 3 bays
Crest level of spillway 1206 m

HEAD RACE TUNNEL
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Size (Diameter) 55m

Shape Circular

Velocity 3.6 m/sec

Length 3970 m

SURGE SHAFT

Diameter Shaft:2.4, Tank:11.5m
Height Shaft: 102.5m, Tank : 71.5m
Top Elevation 1261.5m

Bottom Elevation 1081.0 m

POWER HOUSE

Installed Capacity 120 MW

Units 2 x 60 MW

Type of Turbine Francis

Design net head 158 m

Design energy (GWh/year) 370.5

Mean energy (GWh/year) 449.8

TAIL RACE TUNNEL

Size (m) 20

Length (m) 150

FINANCIAL ASPECTS

Total Project Cost Rs. 767.10 crores (including IDC)
Tariff for 1% year Rs. 5.44 per kWh
Levelised tariff Rs. 4.45/kWh

2.5 DIMIJIN HYDROELCTRIC PROJECT
Three possible layout options for the Dimijin HEP were evaluated in the Reconnaissance
Survey Report.
The dam site is proposed to be located immediately downstream of the confluence of Dimijin
Nallah with river Bichom, just over 3 km above the road bridge over the Bichom, on the
approach to Nafra village. The possible locations considered for the power house site
include:

- On the left bank of river Bichom, directly downstream of the dam (Alternative-I)

- On the left bank alluvial terrace, below the new government rest house (PWD),

about one km downstream of the Nafra road bridge (Alternative Il)

- In the Bichom valley, 3 km downstream of Nafra bridge (Alternative 1)
The most favourable site for alignment of dam axis of the Dimijin HEP is the sharp right-hand
bend of the Bichom river, just downstream of the Dimij confluence. The steep, massive rock
spur around which the river flows have been considered for construction of short river
diversion tunnels and the spillway structure. The height of the proposed dam is limited by the
tailwater level of the Dibbin scheme, the power station of which will be situated about 4 km
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further upstream. A maximum storage level of 1054 m asl has therefore been fixed for the
Dimijin reservoir, which corresponds to a dam with a maximum height of about 50 m above
river bed level.

In principle, the Dimijin site lends itself to the construction of a concrete-face rockfill dam
(CFRD), not least because much of the required volume of rock could be obtained from
excavation on the right abutment for the spillway structure. The geological reconnaissance of
the site has shown that this excavated rock would be ideal as construction material for a
dam of the relatively limited height required.

A membrane cut-off wall, of plastic concrete (concrete with bentonite), would be provided
below the plinth, should site investigations during detailed studies show that a grout curtain
in the alluvial deposits is not feasible or very expensive. This solution of a cut-off wall was
adopted in a dam of similar size in river Dhauliganga.

As per the present level of investigations, the type of dam to be constructed is yet to be
finalized on account of diversion of the river during the construction period and, specifically,
the maximum discharge needing to be diverted. In this respect, a rockfill dam has a serious
disadvantage, as it requires the river to be diverted away from the construction area during
whole of the year, and the exclusion of all risk of the partially-completed dam being
overtopped in the event of a large flood. A concrete dam, on the other hand, needs only to
be protected during the dry season; flooding of the site during the monsoon season can be
accepted and overtopping of the dam will not cause it to be destroyed or seriously damaged.
This means that, only one relatively small diversion tunnel would be needed, and
dimensioned to pass only dry-season flows. For a rockfill dam, however, it will be necessary
to pass around the site a wet-season flood of, perhaps 50-year return period, the estimated
peak discharge for such a flood at Dibbin has been estimated to be about 2000 m%/s. This
could require two tunnels, each of about 10 m diameter, and concrete lined. The effect of
such tunnels on the cost of a rockfill dam would be significant although, given their short
length, of about 0.5 km each, not prohibitive. However, as per the salient features outlined in
the Reconnaissance Survey Report, a concrete face rockfill dam has been proposed.

The spillway on the right abutment would be designed for a 1,000 year flood, for which the
peak outflow would be about 4020 m%s. A spillway structure similar to that designed for
Dhauliganga can be assumed; this has three submerged orifices, equipped with large (8 m x
14.5°m) radial gates, discharging into a stilling basin. This spillway structure will be located
in such a way that the flood flows are discharged directly into the straight reach of the river,
downstream of the site.
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Layouts considered for the pressure waterways and power station

Alternative I: power house adjacent to the dam

The power house could be located on the left bank of the river, at the foot of the very high
and steep slope of the Bichom valley. The intake structure would be situated at the end of
the dam crest so that the pressure waterways would be short (less than 200 m). Either
steeply-inclined tunnels or surface steel penstocks would be possible; a surge chamber
would not be required.

Bedrock crops out extensively in the steep flank of the valley and adequate foundation
conditions for the power house are assured; however, it will be necessary during design to
avoid excavation which extends to far into the slope, as this will create high and steep rock
faces, possible needing stabilisation works.

The head developed by this variant is essentially the height of the dam, and is not expected
to exceed about 45 m, corresponding to full supply level of the reservoir. Two units of about
18 MW are proposed.

Alternative II: power house near Nafra rest house

The second layout considered would harness the head across the long bend of the Bichom
river, upstream of Nafra town. Over this reach of about 4 km length, the level of the Bichom
drops by about 25 m, whilst a pressure: tunnel system across the bend would be little more
than 2 km long.

The proposed site of the power house is the flat terrace below the road, at present used as a
sports field, where the river is diverted sharply to the right by the alluvial fan on which Nafra
town has been built. Above the road, the mountain slope rises steeply to over 1500 masl
elevation. The layout proposed consists of a pressure tunnel (1600 m long, diameter about
5.7 m, concrete-lined) through this ridge, and a surge shaft. The single steel penstock, about
4.5 m diameter, would be constructed on the slope, adjacent to the rest house. The
maximum head developed would be 74 m and an installed capacity of 65 MW (with two
units) is proposed.

Alternative lll: Power house south-east of Nafra town

Over a distance of about 4 km, south-east of Nafra town, river Bichom flows in a deep valley.
At the end of this reach is the site proposed for the dam of the Nafra hydro power project,
being developed by Sew Energy Limited. The FRL of the 96 MW Nafra scheme is about 950
masl. This reach of the river represents an additional head of about 30 m, compared to
Alternative-II.

The total head of this variant, about 100 m, could be developed by a pressure waterway
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system through the mountains forming the left flank of the Bichom valley. The problem,
however, is that this mountainous area is crossed by the lateral valley of the nalla on the
alluvial fan of which Nafra town has been built, and a pressure tunnel would have to pass
through or beneath this geologically problematic area, about which no information is at
present available.
For this reason, alignment of the pressure waterways for Alternative-1ll has been shifted to
the north-east, in order to allow it to pass beneath this lateral valley in bedrock at greater
depth, i.e. to reduce the risk of it encountering the alluvial materials filling this valley, in which
tunnelling excavation would be difficult. This increases the length of the waterway system to
about 4.5 km, or 20% greater than that of a more direct but riskier alignment. This concept
would, however, allow the full head between Dimijin dam and the Nafra hydroelectric project
to be harnessed for power production. A possible site for the power house for Alternative Il
is in alluvial terrace on the left bank of the Bichom. This would be equipped with two units,
each of about 40 MW under a head of 104.
The project layout map for Dimijin hydroelectric project is enclosed as Figure-2.4. The salient
features of the project are given in Table-2.4.
TABLE-2.4
Salient Features of Dimijin hydroelectric project

1. GENERAL

State Arunachal Pradesh
District West Kameng
Tehsil Nafra

Coordinates of the Dam Site 27° 22'27°N

92°32' 50" E

Name of the River Bichom River

Name of river basin Bichom River / Kameng River

2. HYDROLOGY

Catchment Area upto headworks 691 km?
Average Annual Discharge: 52.7 m*/s
Hydraulic Design Flood (1,000 year 4020 m*/s
Flood)

Probable Maximum Flood (PMF) 7912 m°%s

3. DAM AND RESERVOIR

Type

Concrete Faced Rockfill Dam

Maximum height above deepest
foundation (m)

60.5 m

Elevation of top of Dam (m) 1060.5 masl
Length of Dam at crest (m) 206m

Full Supply Level (FSL) 1054.4 masl
Minimum Operation Level(MOL) 1040 masl
Gross storage capacity 34.7 Mm®
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Live storage capacity 19.9 Mm®
Dead storage capacity 14.8 Mm°®
4. SPILLWAY
Type Conduit spillway
Discharge capacity (m®/s) 7912 m°5
Number of bays 3
5. POWER WATERWAYS
Head Race Tunnel
- Length 3900 m
- Diameter 6.1m

- Design Discharge and Velocity

115 m°/s and 4 m/s

Penstock

- Length

250 m

- Diameter

5m

- Design Discharge and Velocity

115 m®/s and 6 m/s

6 POWERHOUSE

Powerhouse

- Type Surface

- Location Left Bichom bank, d/s Nafra village
Turbines

- Type of turbine Francis

- Number of units 2

- Installed capacity 96 MW

- Rated net head (m) 91.8m

- Maximum flow through each unit 58 m%/s
Tail Water Level 950 m asl

7 POWER BENEFITS

Annual Design Energy (90%
dependable year)

331.3 GWh/year

Mean Annual Energy

383.9 GWh/year

8 COST ESTIMATE

Civil

Rs. 490.7 Crores

Electrical/ Mechanical

Rs. 133.4 Crores

Design, supervision & administration

Rs. 31.2 Crores

Sub-Total (Generation)

Rs. 655.3 Crores

I.D.C. Rs. 98.5 Crores
Total (including initial financing Rs. 759.1 Crores
charges):

9 ECONOMIC EVALUATION

90% Dependable Year

- First year tariff (including free power)

Rs. 4.43 /kwhr

- Levellised Tariff

Rs. 3.64 /kwhr

2.6 DIKHRI HYDROELECTRIC PROJECT

The Dikhri hydropower scheme would develop the head available over a distance of about 5
km along the lower reach of river Dikhri, a steep mountain torrent which drains a catchment
of 190 km? to the north-west of Dibbin village, and which joins river Bichom, a short distance
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north of Dibbin village.

Two possible sites for a dam on the Lower Dikhri were identified in the reconnaissance

survey report. The minimum level which can be developed along this tributary valley is 1220

masl, equal to the full supply level of Dibbin reservoir, which will extend back about 2 km up

the Dikhri valley. The dam sites studied in the Reconnaissance Survey Report are briefly
described in the following paragraphs:

- Site I: situated immediately downstream of the important nalla which flows into river Dikhri
about 5 km upstream of its confluence with river Bichom (i.e. about 3.5 km upstream of
the head of Dibbin reservoir, where estimated river bed level is 1370 masl).

- Site II: further down the Dakhri, about 1 km upstream of the head of the Dibbin reservoir
(river bed level 1270 masl).

Site-1 has the advantage of providing a significantly greater head whilst still harnessing a

relatively large proportion of the total catchment. The gain in catchment area between sites |

and Il is quite small but the reduction in head is considerable. The power house would be
located near head of Dibbin reservoir.

Two alternative alignments of the power water ways (PWW) were studied for alternative-I.

e Alternative-l consists of a concrete-lined pressure tunnel/shaft in the left (north) flank

e Alternative-ll envisages a reinforced concrete conduit running hillside at the left
(northern) flank. It is foreseen to place the access road to the dam site beside the
conduit. For the short tunnel needed from dam site under Alternative-Il, on the other
hand, the right side of the valley would possibly be more suitable. The lengths of
these two power waterway systems would be 4 km and 250 m respectively.

A concrete gravity dam with crest spillway (three bays) is proposed for both of the alternative

sites and the following ranges of reservoir levels were considered for the comparative

studies:

- Dam site for Alternative I: 1420 to 1480 masl (head range 200 to 260 m): installed

capacity 48 to 72 MW.

- Dam site for Alternative Il: 1320 to 1380 masl (head range 100 to 160 m): 24 to 48 MW.

It can be seen that for Alternative-1, about 150 m head is due to the slope of the river, while

30 to 110 m is contributed by the height of the dam. For Alternative-II, the drop in river level

between dam and power house is about 50 m, and the contribution from the dam height is

the same. The power house would preferably be equipped with two Francis
turbine/generator units.

The transmission lines from the Dikhri power station would extend down the Bichom valley to
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the switchyard at the Dibbin power station, a distance of about 8 km. The project layout is
enclosed as Figure-2.5 and the salient features are given in Table-2.5.
TABLE-2.5
Salient Features of Dikhri hydroelectric project

1. GENERAL
State Arunachal Pradesh
District West Kameng
Tehsil Nafra
Coordinates of the Dam Site 27° 26'45"N
92°31"17"E
Nearest rail head/Nearest Airport Bhalukpong /Tezpur
Access to project site By road from Tezpur (Assam) via Balipara,
Bhalukpong and Nechiphu
Name of the River Bichom River
Name of river basin Dakhri River / Bichom River
2. HYDROLOGY
Catchment Area upto headworks 190 km?
Average Annual Discharge: 14.5m%s
Hydraulic Design Flood (1,000 year 1524 m®/s
Flood)
Probable Maximum Flood (PMF) 2999 m%/s
3. DAM AND RESERVOIR
Type Concrete Gravity Dam
Maximum height above deepest 70m
foundation (m)
Elevation of top of Dam (m) 1425 masl
1455 masl (maximum)
Length of Dam at crest (m) 160 m
Full Supply Level (FSL) 1420 masl
1450 masl (maximum)
Minimum Operation Level(MOL) 1410 masl
Gross storage capacity 0.9 Mm°®
Live storage capacity 0.4 Mm°®
Dead storage capacity 0.5 Mm®
4. SPILLWAY
Type Gated overflow spillway
Discharge capacity (m®/s) 1524 m°%s
Number of bays 3
5. POWER WATERWAYS
Head Race Tunnel
- Length 3650 m
- Diameter 3.1m
- Design Discharge and Velocity 29 m%s; 4 m/s
Penstock
- Length 100 m
- Diameter 2.6m
- Design Discharge and Velocity 29 m%s; 6 m/s
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6 POWERHOUSE
Powerhouse

- Type Surface

- Location Left Dikhri bank, approximately 1.6 km

upstream of confluence with Bichom river

Turbines

- Type of turbine Francis

- Number of units 2

- Installed capacity 48 MW

- Rated net head (m) 190 m

- Maximum flow through each unit 15 m%/s
Tail Water Level 1220 m asl
7 POWER BENEFITS
Annual Design Energy (90% 173.2 GWhr/year
dependable year)
Mean Annual Energy 200.6 GWhr/year
8 COST ESTIMATE
Civil Rs. 215.04 Crores
Electrical/ Mechanical Rs. 53.8 Crores
Design, supervision & administration Rs. 13.44 Crores
Sub-Total (Generation) Rs. 282.3 Crores
I.D.C. Rs. 30.65 Crores
Total (including initial financing charges) Rs. 314.7 Crores

2.7 DINCHANG HYDROELELCTRIC PROJECT

INTRODUCTION

The Dinchang Hydro-electric project is a run of river project envisaged with diurnal storage
located on Digo river just downstream of Selari village in West Kameng district of Arunachal
Pradesh. The river Digo originates in the western part of Kameng basin at en elevation of
4600 m a.s.l. Digo river is a right bank tributary of Bichom river with its confluence near Lali
village.

The project is located near Bomdila town, the headquarters of West Kameng district in the
state of Arunachal Pradesh, India with the diversion site near Selari village, about 25 km
from Bomdila and about 365km from Guwahati, the commercial capital of Assam. Nafra town
is located on the banks of Bichom river, further 30 km from Selari village. The road from
Nafra town to Bichom dam is under-construction which provides access to the confluence of
Bichom and Digo rivers about 10km downstream, near which the Dinchang powerhouse is
proposed. The project is located on the Digo River in the West Kameng District of Arunachal
Pradesh.

The Diversion Site is located about 2km downstream of Selari Bridge on the river Digo. The
Diversion structure is envisaged as concrete gravity dam 190 m long & 69 m high above
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deepest foundation level. To care of PMF 5 nos. radial gated spillway having breast wall at
top and flip bucket energy dissipating devices are proposed. The size of the gates are
proposed as 10 m (w) x 14 m (H) with the crest level at 1132.50m.

For temporary diversion of the river during the construction period, a diversion tunnel is
proposed on the right bank with upstream and downstream coffer dams. Intake with rashrack
arrangement is proposed at left bank of the river.

Two feeder tunnels of size 4.5m x 5.5m, modified D-shaped, offtake from the intake shall
lead to the de-sanding chambers. 2 nos. underground de-sanding cambers have been
proposed on left bank of the river to exclude silt particles of size of 0.25mm. The size of each
de-sanding chamber is 210m (L) X 14m (W) X 19m (H).

Two link tunnels from the downstream end of de-sanding chambers join to form the
Headrace Tunnel. The total length of the tunnel up to surge tank is about 12.15 km. A 6.4m
modified horse shoe shaped section is proposed for the headrace tunnel (HRT), provided
with a 300 mm thick concrete lining. Four construction adits are planned for the HRT to allow
excavation to proceed unhindered on several faces simultaneously, one at the upstream end
of HRT, one near the Surge shaft and two at intermediate locations.

A surge tank is provided at the downstream end of the HRT to reduce the pressure surges
created due to water hammer and to limit their further transmission to HRT. Restricted orifice
type Surge shaft having dia 16m and height 95m is proposed at this stage. A pressure shaft
of 5.1m diameter emanates from the surge shaft and drops down to the powerhouse level
where it is branched into three unit penstocks to feed the three generating units.

The underground powerhouse complex is proposed on the left bank of Digo river. The power
house cavern is of 90.5m (L) x 20m (W) x 46.3m (H) size, including space for three
generating units, an erection bay and a control block. The center line of machines is set at
El. 793.00m. The transformer hall cavern is located 35m downstream of the Powerhouse
Cavern. The transformer hall cavern is of size 94m (L) x 16m (W) x 25m (H). Three bus duct
galleries are provided between the machine hall cavern and the transformer hall cavern. The
bus duct galleries are 4.5m (W) and 5.5m (H), D-shaped.

Three unit tailrace tunnels are envisaged as an extension of the draft tubes. The tailrace
tunnels empty into collection gallery of size 54m (L) x25m (H) with the width varying from
122m at one end to 20m at the other. Main TRT is of size 6.4m diameter and modified horse
shoe shaped. The invert at the exit of TRT has been fixed at El. 799.0m tentatively. Each of
the three Vertical axis Francis turbines will be rated to match the generator output of 120
MW at a rated net head of 330.46 m. The preliminary cost estimate has been carried out on
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the basis of component sizes as per the preliminary design computations. The total project
cost is estimated to be about 2409.98 Crores (Civil works — 1066 crores, E&M Works — 450
crores, Escalation — 496.3 crores and IDC and financing charges — 397.7 crores).

The project layout of Dinchang hydroelectric power project is given in Figure-2.6 and the

salient features are given in Table-2.6.

TABLE-2.6

Salient Features of Dinchang hydroelectric project
1. GENERAL
State Arunachal Pradesh
District West Kameng
Tehsil Nafra
Coordinates of the Dam Site 27°14'34.6" N

92° 27'27.5"E
Nearest rail head/Nearest Airport Bhalukpong / Tezpur
Access to project site By road from Tezpur (Assam) via
Balipara, Bhalukpong and Nechiphu

Name of the River Digo River
Name of river basin Bichom River/ Kameng River
2. HYDROLOGY
Catchment Area upto headworks 1236 km*
Rain fed area 1236 km®
Probable Maximum Flood (PMF) 9025 m/s
3. DAM AND RESERVOIR
FRL 1160 m asl
MDDL 1152 m asl
Length of Reservoir at FRL 2.05 km
Submergence Area at FRL 23.3 ha
Top of the Dam 1162 m asl
River Bed Level 1118.55 m asl
4. INTAKE (ON LEFT BANK)
Numbers 02
Intake Crest elevation 1140.0 m asl
Nominal Discharge 144.66 m%/s
Gate Type Vertical lift fixed wheel type
Gate Size (wxh) 2 No., 4.5m x 5.5m
5. FEEDER TUNNELS
Nos. 02
Size (W x H) of each tunnel 4.5 m x 5.5 m Modified D-shaped
Length 130m, 160m
6. DE-SANDING CHAMBERS
No. & Size (LxHxW) 2 Nos., 210m x 19m x 14m
Size of Particle to be Removed >0.25 mm
Average Discharge for each Chamber 66.3m° /s
Flushing Discharge for two Chambers 241 m’/s
7. HEADRACE TUNNEL
Excavated Shape Modified Horse shoe
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Finished Size 6.4 m Diameter Modified Horse shoe
Lining type Concrete lined

Lining thickness 300 mm

Length/Slope 12155m ; 1:264

Design Discharge 120.55 m%/s

8. SURGE SHAFT

Type Underground Verticle Shaft
Diameter 16 m

HRT invert at surge shaft 1092.5 m asl

Surge shaft bottom 1102.0 m asl

Surge Shaft Top 1197.0 m a sl

Total Height 95.0

9. PRESSURE SHAFT

Number and Diameter 1 Nos. 5.1 m dia

Length of main Pressure Shaft

474.8m (Vertical Reach 242.1 m)

Design Discharge through Pressure Shaft

120.55 m°/s

10. UNIT PENSTOCK

No. & Dia

3Nos.,,2.9m

Combined Length

226.7 m

11. UNDERGROUND POWER HOUSE

Dimensions (W x Hx L)

20m x 46.3m x 90.5m

Turbine Type

Vertical Axis Francis Turbine

Number of Units

3

Turbine Setting Elevation 793.0 m asl

Rated Discharge per Unit 40.16 m%/s

Minimum tail water level 800 m asl

Normal tail Water Level 802 m asl

12 . UNIT TAILRACE TUNNEL

Length 62.5m

Shape Rectangular, 7.23m (W)x 3.81m (H)
13. TAILRACE TUNNEL

Length 451 m

Shape Modified Horse Shoe, 6.4 m dia

Tailrace Outfall Gate Type

Vertical lift wheel type

Tailrace Outfall Gate Size (WxH)

1 No. 6.4m x 6.4m

Hoist Type

Rope Drum Hoist

Outlet sill elevation 799.55m

14. ESTIMATED COST

Civil works Rs. 1066.0 Cr.
E&M works Rs. 450.0 Cr.
Total basic cost Rs. 1516.0 Cr.
Escalation for Civil and E&M works Rs. 496.3 Cr.
Interest during construction & Financing | Rs. 397.7 Cr.

Charges

Protest Cost including Escalation, IDC &
Financial Charges

Rs. 2409.98 Cr.

Cost per MW installed

Rs. 6.69 Cr./ MW

15. POWER BENEFITS
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| 90% dep. Energy | 1445.66 MU |

2.8 JAMERI HYDROELECTRIC PROJECT

From the desk studies conducted as a part of Reconnaissance Study Report, various
alternatives for Jameri scheme were studied. Two possible dam sites, both situated east of
village Jameri were evaluated initially. Maximum Reservoir Level (MRL) of 1055 masl,
corresponding to a dam about 90 m high, were studied. The maximum storage level was
governed by the need not to allow submergence upstream of the Tenga road bridge and
Military camps.

Three possible power house locations were studied. Site | was located on the left bank of
river Jameri and would require a pressure tunnel 3.05 km long from dam site 1 to develop a
gross head of 150 m. Sites 2 and 3 were on the right bank and were connected with dam
site 2, and the latter site would correspond to the maximum retention level of the reservoir
formed by the diversion weir at the Kameng (Bichom) headworks. These two sites would be
served by a pressure tunnel following essentially the same alignment, with that for site 2
being about 1500 m shorter. The gross head developed would be between 215 to 255 m and
245 to 285 m for sites 2 and 3 respectively.

The left bank alignment is more direct and is located at greater depth, hence, it will pass
through more favourable geological conditions. The right bank tunnel would be located at
shallower depth on the outside of the bend of the river, hence, it would pass through more
disturbed rock formations. On the other hand, short intermediate adit(s) could be excavated
to increase the number of working faces for tunnel construction.

The Jameri dam would be a concrete gravity weir with a maximum height of up to 90 m and
with a gated (4-bay) spillway with radial gates and ski jump. The power intake structure
would be located at the dam abutment, with an adjacent low-level sluice to allow flushing of
sediment from the apron area of the intake. Directly downstream of the intake, an
underground silt chamber is envisaged. Upstream of each power house location, and at an
appropriate elevation, sites exist for an excavated surge shaft which would be connected
with the turbines by high-pressure underground shafts or surface penstocks. The options of
surface or underground power house will examined in detail during the feasibility study. The
project layout is shown in Figure-2.7 and salient features are given in Table-2.7.

WAPCOS Limited 36



Bichom River Basin Study

TABLE-2.7
Salient Features of Jameri hydroelectric project

1. GENERAL
State Arunachal Pradesh
District West Kameng
Tehsil Nafra
Latitude & Longitude (Dam Site) 27°13'21"N

92°38'22" E
Nearest rail head/Nearest Airport Bhalukpong / Tezpur

Access to project site

By road from Tezpur (Assam) via Balipara,
Bhalukpong and Nechiphu

Name of the River/ Tributary

Tenga River

Name of river basin

Tenga River / Kameng River

2. HYDROLOGY

Catchment Area upto headworks 939 km?
Average Annual Discharge: 24.1 m%/s
Hydraulic Design Flood (1'000 year Flood) | 5244 m®/s
Safety Check Flood (PMF) 10321 m%/s

3. DAM AND RESERVOIR

Type

Concrete Gravity Dam

Maximum height above deepest foundation | 50 m
(m)
Elevation of top of Dam (m) 1020 masl
Length of Dam at crest (m) 130 m
Full Supply Level (FSL) 1015 masl
1060 masl (maximum)

Minimum Operation Level(MOL) 1005 masl
Gross storage capacity 10.6 mill m®
Live storage capacity 6.2 mill m*
Dead storage capacity 4.2 mill m*
4. SPILLWAY
Type Gated overflow spillway
Discharge capacity (m®/s) 5244 m°/s
Number of bays 4
5. POWER WATERWAYS
Head Race Tunnel

- Length 5600 m

- Diameter 4m

- Design Discharge and Velocity

50 m%/s; 4 m/s

Penstock

- Length

250 m

- Diameter

3.25m

- Design Discharge and Velocity

50 m%/s; 6 m/s

6 POWERHOUSE

Powerhouse
- Type Surface
- Location Right Tenga bank, about 8 km d/s of dam

site
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Turbines
- Type of turbine Francis
- Number of units 2
- Installed capacity 128 MW
- Rated net head (m) 236 m
- Maximum flow through each unit 30m%s
c) Tail Water Level 770 m asl
7) POWER BENEFITS
Annual Design Energy (90% 294.4 GWh/year
dependable year)
Mean Annual Energy 401.1 GWh/year
8) COST ESTIMATE (in crores Rupees)
Civil Rs. 334.12 Crores
Electrical/ Mechanical Rs. 104.88 Crores
Design, supervision & administration Rs. 21.95 Crores
Sub-Total (Generation) Rs. 460.95 Crores
I.D.C. Rs. 50.44 Crores
Total (incl. initial financing charges) Rs. 519.55 Crores
9) ECONOMIC EVALUATION
90% Dependable Year
- First year tariff (incl. free power) Rs. 3.47/kwhr
- Levellised Tariff Rs. 2.86 /kwhr

2.9 DINAN HYDROELECTRIC PROJECT

As a part of Reconnaissance studies for the project, three alternatives were considered for
Dinan hydroelectric project. Alternative-l, comprises of a high dam located at the narrow
section of the valley located less than 1 km upstream of the confluence with river Bichom.
Dams between 70 to 110 m high, with an adjacent power house, were considered for this
site. The sites for alternative-ll and Ill are further upstream and here only low, run-of-river
weirs can be developed. These weirs would divert water into high-level canals excavated
along the left, south flank of the valley, which would feed penstocks and a power plant near
the Bichom confluence.

Alternative-l

The dam under Alternative-l would create most of the head as the difference in elevation
between the dam site and the Bichom river is only about 30 m. For dams in the range of 40
to 80 m high the gross head would be 70 to 110 m and the corresponding installed
capacities shall range from 5 to 10 MW. The low power generation capacity are due not only
on account of small available head but also due to rather low mean runoff from the small
catchment area. On the other hand, a dam up to 80 m high, probably at best a concrete
gravity structure, would be relatively expensive, although this would be compensated
somewhat by the short power waterways, less than 0.5 km long.
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Alternatives Il and Il

An alternative layout for the small power plant on the Dinang river considered under
Reconnaissance Report comprises of open headrace canal excavated along the valley flank
from a diversion weir (Tyrolean weir) further up the valley. At its downstream end, this canal
would discharge through a small, open balancing pond with an overflow section, into a
penstock feeding a power house located on the bank of river Bichom. This layout is quite
common in Himalayan regions as well as in the mountains of South America and Europe.
Whilst maximising the head that can be developed, the need for a high dam and/or
underground waterways can be avoided. The disadvantage is that the head pond is too
small so that only very limited flow regulation is possible.

The two possible sites for the diversion weir considered were about 2.0 and 5.3 km
upstream of the Bichom confluence. Site 2 would be at 930 masl (head 140 m) and site 3 at
1170 masl (head 400 m). In both cases, penstock from the end of the canal to the power
house would be less than 500 m in length.

The layout of Dinan hydroelectric project is given in Figure-2.8 and the salient features of the
project are given in Table-2.8.

TABLE-2.8
Salient Features of Dinan hydroelectric project
1. GENERAL
State Arunachal Pradesh
District West Kameng
Tehsil Nafra
Coordinates of the Dam Site 27°19'27°N
92°35'51" E
Nearest rail head/Nearest Airport Bhalukpong / Tezpur
Access to project site By road from Tezpur (Assam) via Balipara,
Bhalukpong and Nechiphu
Name of the River Dinang River, Tributary of Bichom River
Name of river basin Kameng River
2. HYDROLOGY
Catchment Area upto headworks 140 km”
Average Annual Discharge: 5.1 m°/s
Hydraulic Design Flood (1,000 year Flood) 1216 m°/s
Probable Maximum Flood (PMF) 2394 m%/s
3. DAM AND RESERVOIR
Type Tyrolean Weir
Maximum height above deepest foundation (m) | 14 m
Elevation of top of Dam (m) 1170 masl (Weir crest)
1177 masl (Platform)
Length of Dam at crest (m) 65 m
Full Supply Level (FSL) 1170 masl
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1450 masl (maximum)

Minimum Operation Level(MOL)

1170.0 masl

Gross storage capacity

4. SPILLWAY
Type Ungated ogee weir
Discharge capacity (m®/s) 1216 m°5
Number of bays 1177.5 masl
5. POWER WATERWAYS
Head Race Tunnel
- Length 5200 m
- Diameter 20X2.0m

- Design Discharge and Velocity

8.5 m°%/s and 4 m/s

Penstock

- Length

600 m

- Diameter

1.4 m

- Design Discharge and Velocity

8.5 m%/s and 6 m/s

6 POWERHOUSE

Powerhouse
- Type Surface
- Location left bank of Dinang River, near the
confluence with Bichom river
Turbines
- Type of turbine Francis
- Number of units 2
- Installed capacity 30.5 MW
- Rated net head (m) 385 m
- Maximum flow through each unit 4.25 m%s
Tail Water Level
- Maximum water level (m) 770 m asl
7 POWER BENEFITS
Annual Design Energy (90% 96.8 GWhr/year
dependable year)
Mean Annual Energy 125.9 GWhr/year

8 COST ESTIMATE

Civil

Rs. 87.5 Crores

Electrical/ Mechanical

Rs. 28.8 Crores

Design, supervision & administration

Rs. 5.8 Crores

Sub-Total (Generation)

Rs. 122.1 Crores

I.D.C.

Rs. 13.2 Crores

Total (including initial financing charges)

Rs. 136.0 Crores

2.10 NAFRA HYDROELETCRIC PROJECT

The proposed Nafra Hydro Electric Project is a run-off-the-river scheme on the Bichom river

of Kameng Basin in Arunachal Pradesh. The project construction includes a 40 m high
composite dam located at latitude 27°21'15.71" N and longitude 92°33'56.66" E where the
river bed level is at an elevation of 944 m above mean sea level. The water of river Bichom
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will be diverted through a tunnel to a surface power house on the right bank of Bichom River.
The Power House site is located at Latitude 27°19'24.91" N and Longitude 92°35'25.25" E
where natural ground elevation is 810m above mean sea level. Installed capacity planned for
the power house is 96 MW (2 units of 48 MW each vertical Francis type Turbine designed for
a net head of 173.31m).

The project site is located at Nafra village of West Kameng District in the state of Arunachal
Pradesh. The site is accessible by road from Guwahati via Tezpur, Bhalukpong and
Bomdila.

Tezpur is the nearest rail head and the nearest air port is located about 215 km from the
project site.

Various components of the project are briefly described in the following paragraphs:
Composite Dam

The Nafra Dam location has been selected to take optimum advantage of the' topographical
and geological conditions of the site. Average river bed level at the dam site is EL. 944.0.
The dam with its deepest assumed excavated level at EL 944.0m is 40 m high with its top at
EL 984.0. It is about 40 m above the river bed level. The rock fill dam comprises central clay
core with shouldering of 200mm thick sand and gravel filters and thereafter the compacted
rockfill. The u/s is protected by 1000mm thick rip rap material to safeguard against wave
action/level variation. The dam with its u/s and d/s slopes of 2.5.1 and 2.1 has a top width of
10m and has been provided with 3m free board. The clay core trenches into the existing
foundation clay. The top soil removal and clay stock piling work shall start immediately after
mobilization and completed in a period of 10 to 11 months.

Intake Structure

The intake structure is located on right bank of the river. After establishing access to the
intake structure, open excavation works will be taken up. Excavation of rock in 1:10 slope
starting from top will be carried out in benches. Installation of rock bolts, shotcrete and
provision of drainage holes will be carried out on the excavated slope before taking up the
next benching to safeguard against disturbance in the cut slope. Excavation of Intake will
take 4 months time.

Head Race Tunnel

The total length of the Nafra Hydro-Electric Project head race tunnel (HRT) is 3680 m. The
tunnel will be of modified horse shoe shape profile of 5.0 m finished diameter and excavated

diameter of about 5.95 m.
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Surge Shaft

The restricted orifice type surge shaft will be of 10.5 m diameter and 50.0 m in height with
the orifice dia. of 2.35 m. The surge shaft will also be open at the top. For carrying out
construction of surge shaft, access road has been provided at the top of the shaft at EL
1005.0 m. Further an adit of 100 m length has been provided at the bottom of the shaft at EL
940.0 m.

Pressure Shaft

From the surge shaft bottom steel pressure tunnel of 3.0m dia. of about 100 m length up to
valve chamber of size 16m x 8m has been provided. From valve chamber, surface
penstocks of 3.0 m dia take off and terminate into power house units.

Power House

The deep seated power house proposed on the right bank of Bichom River is located on a
flat terrain on terrace deposit. Elevation of the river bed at this location is around EL 800m
and power house terrace is at EL 810 m. The powerhouse will be in a deep pit and
sufficiently away from the river. Hence seepage is not expected to be major problem;
however provision for drainage pumping shall be kept. A protection bund of suitable height
around the complex has been planned to safeguard against floods up to PMF. The deepest
foundation level is at EL 781.70 m.

Tailrace Arrangement

The tail race channel of 165.0 m length has been provided from the Power house up to the
Bichom River. The excavation work for the tail race channel will be taken up after the
excavation work for Power house is completed.

Switch Yard

An outdoor 220 KV switchyard (53 m x 42 m) has been planned on the platform near the
power house at an elevation of 813 m.

The project layout is given in Figure-2.9 and the salient features are given in Table-2.9.

TABLE-2.9

Salient features of Nafra hydroelectric project
LOCATION
State Arunachal Pradesh
District West Kameng
River Bichom
River basin Kameng
Nearest Railway Station Bhalukpung
Nearest Airport Tezpur
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Coordinates of the Dam Site

27°21°15.71”N
92° 33’ 56.66” E

HYDROLOGY

Catchment area upto Dam Site 776 km?
Average annual rainfall 3188 mm
Probable max. flood 5988 m®/s
90% available discharge 38.43 m°/s
Annual Inflow 1219.29 Mm®
DAM

Type Composite
Max. height above river bed level 40m

River bed level 944.0 masl
Elevation of top of Dam 984.0 masl
Length of Dam at top 241 m
Freeboard 3.0 mto FRL
Width at top 10.0m
SPILLWAY

Type Sluice Spillway

No. and size of gates (Radial)

4 Nos x 10m wide x 12m high

Discharge capacity

5978 m°/s

No. of bays 4 Nos.
Length of spillway 58.0m

Bay width 10.0m
Crest elevation (masl) 952.0 m
RESERVOIR and SUBMERGENCE

Full Reservoir Level FRL (masl) 981.0m
Maximum Water Level (masl) 982.0m
Minimum Draw Down Level (masl) 972.0 m
Gross capacity 5.267 Mm”®
Live capacity 2.413 Mm°®
Dead storage capacity 2.854 Mm”®
Submergence area at FRL 32.67 ha
No. of villages affected Nil

HEAD RACE TUNNEL

Length 3.68 km
Diameter 50m
Shape Modified Horse Shoe
Design discharge 61.38 m°/s
Design velocity 3.02 m%s
Invert level of intake (masl) 961.50 m
SURGE SHAFT

Type Restricted orifice type Surge Shaft

Surge Shaft Diameter

10.50 m

Orifice Diameter 2.35m
Height 57.00 m
Top elevation (masl) 1002.0 m
Bottom elevation (masl) 945.0 m
Gates for Penstock 2 Nos
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PENSTOCK

Type Sub-surface penstock
Number of Pressure shaft f penstock 2 nos

Maximum discharge through Pressure 3

shaft of penstock 30.69 m'/s

Diameter of each Pressure shaft of Penstock | 3.0m

Maximum velocity 4.34 m%s

Length of Subsurface Pressure shaft 100.0 m

Length of penstock 486.00 m

POWER HOUSE

Type Surface

Location 1.5 km upstream of river Digo confluence

With river Bichom

Number of units 2 nos

Rated unit capacity 48MW

Installed Capacity 96MW
Maximum Gross head 184.40m
Design net head 173.31 m

Type of turbine Vertical Francis
Maximum flow through each unit 30.69 m%/s

Normal Tail Water level

796.57 m (two units running at full load)

Minimum Tail Water level

794.84 m (one unit running at full load)

Speed specific and synchronous

375 rpm

Type of Switch yard

Outdoor (53 x 42 m)

POWER BENEFITS

Peaking Capacity

96MW

Annual Energy (GWh/Yr) for 50%
dependable year

491.60 MU

load factor for operation (annual/lean
period) for 50% dependable year

58.46 %,30.72 %

Annual Energy (GWh/Yr) for 90%
dependable year

423.95 MU

load factor for operation (annual/lean
period) for 90% dependable year

50.41 %, 22.76 %

ESTIMATED COST

Civil Works (Including gates and hoists)

Rs. 379.44 Crore

E and M Works (Including costs of
transmission line to pooling station)

Rs. 149.30 Crore

Total Basic Cost

Rs. 528.74 Crore

Total cost including monitoring as per MOA

Rs. 529.27 Crore

Escalation during Construction

Rs. 73.75 Crore

Interest during Construction

Rs. 80.90 Crore

Working capital margin

Rs. 6.78 Crore

Total (Generation Works)

Rs. 690.70 Crore

Cost per MW installed

Rs. 7.19 Crore

FINANCIAL ASPECTS

Levelized Tariff for Design Energy at 90%
Dependable year

Rs. 3.53/ KWh

Project Internal Rate of Return for 3-5 Years

10.46 %
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(PIRR)

CONSTRUCTION PERIOD

36 months

Source: Detailed Project Report (DPR)-Nafra Hydro Electric Project

2.11 GONGRI HYDROELETCRIC PROJECT

The project envisages construction of a located 1.5 km upstream of Munna camp. The

barrage height is 24 m from deepest foundation level. The power house is located at

approximately 7.0 km downstream of barrage site. The site is located in a narrow gorge with

good rock in abutments The proposed project envisages power generation of 90 MW. The

project layout is given in Figure-2.10 and the salient features of the project are given in

Table-2.10.
TABLE-2.10
Salient Features of Gongri hydroelectric Project

PROJECT LOCATION
Location Arunachal Pradesh
District West Kameng
River Gongri/Digo
Vicinity Jhala Village
Coordinates of the Dam Site 27°19'12°N

92°23'35" E
HYDROLOGY
Catchment area 1039 km®
Average Discharge 72.5 m%/s
Maximum Discharge 361.16 m*/s
Minimum discharge 12.43 m%/s
For 90% dependable year
Average Discharge 53.55 m°/s
Maximum Discharge 144.46 m%/s
Minimum discharge 20.54 m°/s
1.in 50 years flood Discharge 1500 m°/s
1.in 500 years flood Discharge 950 m%s
RESERVOIR
Full reservoir Level (FRL) 1455.5 masl
Min. Draw Down Level (MDDL) 1445.0 masl
Gross storage at FRL 0.48 Mm*®
Live storage 0.43 Mm®
Length of submergence at FRL 1100 m

RIVER DIVERSION

Diversion Arrangement

Diversion channel through one half of river

Diversion Discharge

790 m®/s

BARRAGE-SPILLWAY

Latitude 27°20°22” N
Longitude 92°18' 52" E
Top of Barrage 1456.5 masl|
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Stream Bed Level 1439.0 masl
Barrage Length 110 m
Barrage Foundation Level (Lowest) 1432.5 masl|
Barrage Height from Foundation Level 24 m
Barrage Sill Elevation at Barrage Axis 1439.0 masl

Gate Type and Size (WxH)

5 Nos. Radial; 6.0mx7.7m

Hoist Type and Capacity

Twin Hydraulic Hoist (2x35MT)

Stop log Type and Size (WxH)

Vertical lift slide type, 6.0mx16.4m

Hoist Type and Capacity

Gantry Crane, 20MT

INTAKE (ON LEFT ABUTMENT)

Number of Feeder Tunnels

2

Size of Feeder Tunnel (WxH)

3.5mx4.25m, Modified D-shaped

Intake well size

51.0m x 10.0m x 20.5m

Sill elevation of intake Gates 1436.0 masl|

Nominal Discharge 87.0 m*/s

No. of Trash rack bays & Trash rack size 7Nosx6.0mx13.5m

Sill level of Trash rack 1443.0m

Clear Opening between trash bars 100 mm

Trash rake panel size 6.0m (W) x 2.283m (H)
Total number of panels 42 Nos.

Intake Bulk head gate

Vertical lift fixed wheel type

Intake Bulk head Size (WxH)

2 Nos. 3.5mx4.0m

Hoist Type and Capacity

Rope Drum Hoist, 10.0M T

Intake Gate Type

Vertical lift wheel type

Intake Gate Size (WxH)

2 Nos. 3.25mx4.0m

Hoist Type and Capacity

Rope Drum Hoist, 15.0 T

FEEDER TUNNELS

Nos. and Size (WxH) 2 Nos. Modified D

shaped 3.5mx4.25m

DESILTING CHAMBERS

Desilting Chamber Size (LxHxW)

200mx18.7mx12m, 2Nos.

Size of Particle to be Removed >0.25 mm
Design Discharge for each Chamber 36.25m%s
Flushing Discharge for each Chamber 7.25 m*/s
Flushing Duct Size (WxH) 1.35mx1.8m

Desilting Chambers outlet Gate Type

Vertical lift fixed wheel type

Gate Size (WxH)

2 Nos. 3.5mx4.0m

Hoist Type and Capacity

Rope Drum Hoist, 15.0 MT

Flushing Tunnel Gate Type

Vertical lift slide type

Flushing Tunnel Gate Size (WxH)

4 Nos. 1.35mx1.8m (2 Nos. Service and 2 Nos.
Emergency gates)

Hoist Type and Capacity

Double acting Hydraulic Hoist, 65.0 MT

LINK TUNNELS

Nos. and Size (WxH)

2 Nos. Modified D shaped 3.5mx4.25m

HEADRACE TUNNEL

Shape of HRT

Modified Horse Shoe Shaped Finished Size of
52m

Lining type

Concrete lined

Lining thickness

300mm
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Length/Slope 7626m; 1:195

SURGE SHAFT

Type Underground open to the surface Restricted
Orifice Vertical Shaft

Diameter 11.5m

Orifice Area 451 m?

Total Height 75m

PRESSURE SHAFT

Number and Diameter

1 No. and 4.0 m Thickness of Liner

Total Length of Pressure Shaft

488 m

Design Discharge through Pressure 72.50 m*/s
PENSTOCK

Number and Diameter 3 Nos., 2.3 m
Length of Longer Penstock 50 m

Design Discharge through each Penstock 2417 m°/s
SURFACE POWERHOUSE

Latitude 27°19'09”N
Longitude 92023’ 22" E
Dimensions (W X H X'L) 19m x 33.6m x 68.3m
Turbine Type Francis

Number of Units 3

Max./Min. Gross Head 203.55/187.60m
Rated Head 183.10 m

Installed Capacity

(3x30) 90 MW

EOT Crane capacity (Power House)

1 Nos. 125/ 20 MT

TAILRACE CHANNEL

Length

40m

Channel Shape

33.1 to 19.8m (W) x12.0 to 2.4m(H)

Outlet sill elevation

1251.6 masl|

SWITCH YARD

Type Out door

Area (LxW)82mx40.5m
ESTIMATED COST

Civil works Rs. 550.67 Crores

E & M works Rs. 180.00 Crores

Total basic cost (excl. transmission line cost)

Rs. 730.67 Crores

Escalation cost of Civil and E&M works

Rs. 141.08 Crores

Interest during construction & Financing
Charges

Rs. 143.16 Crores

Total cost

Rs. 1014.91 Crores

Cost per MW installed

Rs. 8.46 Crores

POWER BENEFITS

90% dep. Energy

591.3 MU

50% dep. Energy

682.0 MU

WAPCOS Limited

47




Bichom River Basin Study

CHAPTER-3

METHODOLOGY ADOPTED FOR THE STUDY
3.1 GENERAL
The Basin Study is based on collection of relevant data from primary and secondary sources
on environmental and baseline parameters. The parameters covered as a part of the study
include meteorology, water quality, terrestrial and aquatic ecology. Based on the baseline
setting and input loads due to the proposed hydroelectric projects to be developed in the
study area, impacts on water resources, terrestrial and aquatic ecology have been predicted.
Management measures have been recommended for amelioration of adverse impacts. The
present chapter describes the methodology adopted for conducting the Basin Study for the
Bichom Basin.
3.2 SAMPLING FREQUENCY
The frequency of sampling for various aspects to be covered under primary data collection
as a part of the study is given as below:

=  Water Quality : Once per month for six months
= Aquatic Ecology : Once per month for six months
= Terrestrial Ecology : Once per season for two seasons

3.3 PRIMARY DATA COLLECTION

As a part of the study, field studies have been conducted for water quality, aquatic and
terrestrial ecology. As a part of aquatic ecology, phytoplanktons, zooplanktons, periphyton,
benthic invertebrates, primary productivity, fisheries, etc. has been monitored. The
methodology adopted for estimation of various parameters is given in the following sections.
3.3.1 SAMPLING STATIONS

For water quality monitoring, the following two sites were monitored at each hydroelectric
project and the same are listed as below:

e Dam site
e 2000 m downstream of dam site

For aquatic ecological monitoring the following three sites were monitored at each
hydroelectric project:

e 2000 m upstream of dam site
e Dam site
e 3000 m downstream of dam site

For terrestrial ecological monitoring, three sites were monitored for each hydroelectric
project and are listed as below:

e (Catchment area
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e Submergence area
e Downstream of dam site

3.3.2 ESTIMATION OF DENSITY AND DIVERSITY OF PHYTOPLANKTON IN
RIVER WATER

Phytoplanktons are the autotrophic component of the plankton community and play an
important role in the primary production process in the stream ecosystems. They serve as a
base of the aquatic food web, providing essential ecological function for all aquatic life. In
terms of numbers, the important groups of phytoplankton comprises of diatoms,
dinoflagellates, cyanobacteria, and other groups of unicellular algae. In the present study,
the density and diversity of phytoplanktons in river water was studied by collecting the
samples from various sites listed in Section 3.3.1.
Methodology
For enumeration of phytoplankton and zooplankton population, 100 litre composite water
samples were collected from the river surface up to 60 cm depth and were filtered through a
20 um net to make 1 litre of bulk sample. The bulk samples so collected were preserved in
5% formalin solution and were brought to the laboratory for analysis. Ten replicate water
samples each of 15 ml were made out of the preserved 1 litre bulk sample and were
centrifuged at 1500 rpm for 10 minutes. After centrifuging, volume of aliquot concentrate was
measured. 1 ml of aliquot concentrate was used for enumeration of phytoplankton
population in each replicate. A plankton chamber of 1 ml capacity was used for counting of
plankton under a light microscope.
The total number of planktons present in a litre of water sample was calculated using the
following formula:

N=(nxvx100)/V

Where, N= Number of phytoplankton per litre
n = average number of plankton cells in 1 ml of aliquot
concentrate
v = volume of plankton concentrate (aliquot)
V= volume of water from bulk sample centrifuged

3.3.3 ESTIMATION OF DENSITY AND DIVERSITY OF PERIPHYTONS IN RIVER
WATER
Periphytons are a complex mixture of algae, cyanobacteria, heterotrophic microbes, and

detritus that is attached to submerged surfaces in most aquatic ecosystems. They serve as
an important food source for invertebrates, tadpoles, and some fish. They can also absorb
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contaminants; removing them from the water column and limiting their movement through
the environment. The periphytons are also an important indicator of water quality; responses
of this community to pollutants can be measured at a variety of scales representing
physiological to community-level changes.

In the present study, periphytic algal component were sampled at various project sites.
Samples of periphytic algae were collected by scraping 1 cm? area of the substratum on
which they were growing. The scrapped algae were then put in a small container and
brought to the laboratory for identification. Density of the periphytic algae has been
expressed in terms of no. per cm?.

3.34 ESTIMATION OF DENSITY AND DIVERSITY OF BENTHIC INVERTEBRATES
IN RIVER WATER
Benthic invertebrates are organisms that live on the bottom of a water body (or in the

sediment) and have no backbone. Their size spans 6 to 7 orders of magnitude and they
range from microscopic, e.g. micro-invertebrates, to a few tens of centimetres or more in
length, e.g. macro-invertebrates. Benthic invertebrates live either on the surface of bed
forms (e.g. rock, coral or sediment - epibenthos) or within sedimentary deposits, and
comprise several types of feeding groups e.g. deposit-feeders, filter-feeders, grazers and
predators. The abundance, diversity, biomass and species composition of benthic
invertebrates can be used as indicators of changing environmental conditions.

Construction of dams can impact the benthic invertebrates by alteration of the physical
characteristics of the river which includes substratum, current velocity, food availability,
water temperature, dissolved oxygen concentration, and water chemistry. Prior to
commissioning of power projects on a river an enumeration of the benthic invertebrates in
the proposed site is necessary. In the present study, an enumeration of benthic invertebrates
was done in order to assess their composition, density and diversity in different reaches of
the river.

Methodology

Benthic invertebrates were collected from the sampling stations by stirring an area of 1 m?
and dislodging the substrate to catch the dislodged organisms in a net (0.5 mm mesh) held
downstream. Three replicates were collected from each site. The species were then brought
to the laboratory and sorted order-wise and were later on identified and enumerated. The
identification was done under stereo-microscope to the lowest possible taxonomic levels
following Pennak (1978) and Thirumalai (1989, 1994).
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3.3.5 ESTIMATION OF INDICES
Phytoplankton species diversity indices were calculated using PAST. The following formulas
were used in the PAST implementation.
e Simpson index = 1 - dominance (D). Measures ‘evenness’ of the community from 0 to
1.
e Shannon index. A diversity index taking into account the number of individuals as

well as number of taxa. Varies from 0 for communities with only a single taxon to high

values for communities with many taxa, each with few individuals. & = —E% In (?]

e Equitability. Shannon diversity divided by the logarithm of number of taxa. This

measures the evenness with which individuals are divided among the taxa present.

3.3.5 DIVERSITY OF ICHTHYOFAUNA IN THE PROJECT AREA

The state of Arunachal Pradesh is the largest in terms of geographical as well as river
drainage. It harbors many rivers, streams and streamlets which supports diverse fish species
of which many are endemic to the region. Recently, Bagra et al. (2009) prepared a checklist
of 213 species of fishes for Arunachal Pradesh of which 138 species were first hand
collections from 35 rivers in the state. Construction of dams over these rivers can block or
delay upstream fish migration and thus contribute to the decline and even the extinction of
species that depend on longitudinal movements along the stream continuum during certain
phases of their life cycle. Mortality resulting from fish passage through hydraulic turbines or
over spillways during their downstream migration can be significant. Hence, prior to dam
construction, a survey of the diversity of fish fauna is necessary.

Random sampling in selected areas of the project areas in the river basin was carried out
using a cast net at morning (6:00 — 8:00) hours. The sampled fishes were identified using
the taxonomic keys (Nath & Dey 2000, Bagra et al. 2009, Viswanath NBFGR).

3.3.5 ESTIMATION OF RIMARY PRODUCTIVITY IN RIVER WATER

Phytoplanktons are autotrophic, prokaryotic or eukaryotic algae that live near the water
surface where there is sufficient light to support photosynthesis. Among the more important
groups are the diatoms, cyanobacteria, dinoflagellates and coccolithophores.
Phytoplanktons account for half of all photosynthetic activity on earth and contribute
significantly to primary productivity process in aquatic ecosystems. Phytoplankton primary
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productivity is defined as the rate of organic matter production by the growth of planktonic
plants.

Methodology

The primary productivity was determined by light and dark bottle method (Wetzel and Likens
1991). The water samples were collected in light and dark BOD bottles. Three replicates
were maintained for each sample. The experimental bottles were kept for 6 hours in the river
from where the water samples were collected. Winkler's method was used for determination
of oxygen in the light and dark bottles. Following formula was used for calculation of
phytoplankton primary productivity.

Gross Primary productivity (GPP) (mgC/m?®/hr) =

(O, content of light bottle - O, content of dark bottle) x 0.375x1000
1.2 x Incubation hour

Net Primary productivity (NPP) (mgC/m®hr) =

( O, content of light bottle - O, content of control bottle) x 0.375x 1000
1.2 x Incubation hour

3.3.7 VEGETATION SURVEY

Considering the difficult terrain, quadrat method was used for vegetation sampling. The
phyto-sociological data for trees and shrubs were collected from random quadrats of 10 x 10
m size laid at the project site. Random quadrats of 1 x 1 m size were laid for the study of
herb component at each site.

During survey, number of plants of different species in each quadrat was identified and
counted. The height of individual trees was estimated using an Abney level/ Binocular and
the DBH of all trees having height more than 8 m was measured.

Based on the quadrat data, frequency, density and cover (basal area) of each species were
calculated. The importance value index (IVI) for different tree species were determined by
summing up the Relative Density, Relative Frequency and Relative Cover values. The
Relative Density and Relative Frequency values were used to calculate the IVI of shrubs and
herbs.

The volume of wood for trees was estimated using the data on DBH (measured at 1.5 m
above the ground level) and height. The volume was estimated using the formula: nr®h,
where r is the radius and h is the estimated height of the bole of the tree. The data on
density and volume were presented in per ha basis.
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Two species diversity indices viz., Shannon index of general diversity (H) and Evenness
index (e) were computed using PAST software:

e Shannon index. A diversity index taking into account the number of individuals as

well as number of taxa. Varies from 0 for communities with only a single taxon to high

ni

values for communities with many taxa, each with few individuals. H = —E”T__i In (T)

e Buzas and Gibson’s evenness index was calculated using the formula: % /5,

where H is the Shannon’s index and S represents the number of species.

As a part of the vegetation survey, herbaria were prepared for the plants those had flowers.
Rare and endangered species were identified referring to the Red Data Book of India and
flora and herbarium pertaining to the rare/ endangered species of Arunachal Pradesh.

3.3.8 Water Quality

The existing data on water quality has been collected to evaluate river water quality on
upstream and downstream of the project site. The water quality was monitored once per
month for six months from April 2009 to September 2009. For water quality monitoring, the
following two sites were monitored at each hydroelectric project and the same are listed as
below:

e Dam site
e 2000 m downstream of dam site

Thus, a total of 20 sites were monitored as part of the Study. The water samples were
collected from various locations in the study area and analyzed for physico-chemical
parameters. The list of various parameters analysed is given in Table-3.1.

TABLE-3.1
Water quality parameters analysed as a part of the field studies

pH

Electrical Conductivity (EC)

Total Dissolved Solids (TDS)

Hardness

Chlorides Sulphates
Phosphates Nitrates
Sodium Potassium
Calcium Magnesium
Iron Alkalinity
Copper Lead

Zinc Chromium
Mercury Cadmium

Biochemical Oxygen Demand (BOD)

Chemical Oxygen Demand (COD)

Dissolved Oxygen (DO)

Phenolic compounds

Oil & grease

Total Coliform
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3.4

SECONDARY DATA COLLECTION

The following reports/ documents were reviewed and the data as reported in these reports

was used as basis for the present report:

Reconnaissance survey Report for Utong hydroelectric project.
Reconnaissance survey Report for Nazong hydroelectric project.
Reconnaissance survey Report for Dimiju hydroelectric project.
Reconnaissance survey Report for Dikhri hydroelectric project.
Reconnaissance survey Report for Dinchang hydroelectric project.
Reconnaissance survey Report for Jameri hydroelectric project.
Reconnaissance survey Report for Dinan hydroelectric project.
Detailed Project Report for Dibbin hydroelectric Project
Detailed Project Report for Nafra hydroelectric project
Pre-feasibility Report for Gongri hydroelectric project
Hydrological Data for Gongri hydroelectric project

The meteorological data for the project area was collected from India Meteorological

Department (IMD) and Project Reports. The data on geology was collected from Project

Reports. For terrestrial and aquatic ecology, Secondary data as available with the Forest

Department and other secondary sources was collected.

3.5

SUMMARY OF DATA COLLECTION

The summary of the data collected from various sources is outlined in Table-3.2.

TABLE-3.2
Summary of data collected from various sources
Aspect Mode of | Parameters Frequency Source
Data covered
collection

Meteorology Secondary Temperature, - India  Meteorological

humidity, rainfall, Department (IMD) and

etc. Project Reports
Water Secondary Flow, Design | - Project Reports
Resources hydrograph and

design flood

hydrograph
Water Quality Primary Physico-chemical | Once per Field studies

and month for six

bacteriological months

parameters
Geology Secondary Geological - Project Reports

characteristics of

study area
Terrestrial Primary and | Floral and faunal | Two seasons | Field studies for
Ecology secondary diversity summer and

MoNnsoon seasons.
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Aspect Mode of | Parameters Frequency Source
Data covered
collection

Secondary data

Forest Department

as

available  with  the

Aquatic Primary and | Presence and | Once per | Field studies and

Ecology Secondary abundance of | month for six | secondary data
various species months sources

3.6 IMPACT PREDICTION

Prediction is essentially a process to forecast the future environmental conditions of the

project area that might be expected to occur because of implementation of the project.

Impact of project activities has been predicted using mathematical models and overlay

technique (super-imposition of activity on environmental parameter). For intangible impacts

qualitative assessment has been done. The following impacts were assessed as a part of

the present study:

Modification in hydrologic regime due to diversion of water for hydropower
generation.

Depth of water available in river stretches during lean season, and its assessment of
its adequacy vis-a-vis various fish species.

Length of river stretches with normal flow due to commissioning of various
hydroelectric projects due to diversion of flow for hydropower generation.

Impacts on discharge in river stretches during monsoon and lean seasons due to
diversion of flow for hydropower generation.

Impacts on water users in terms of water availability and quality

Impacts on aquatic ecology including riverine fisheries as a result of diversion of flow
for hydropower generation.

Assessment of maintaining minimum releases of water during lean season to sustain
riverine ecology, maintain water quality and meet water requirements of downstream
users.

Impacts due to loss of forests

Impacts on rare, endangered and threatened species

Impacts on economically important plant species

Impacts due to increased human interferences

Impacts due to agricultural practices.
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3.7 OUTCOMES OF THE STUDY
The key outcomes of the study are:
e provision of sustainable and optimal ways of hydropower development of
Bichom river, keeping in view of the environmental setting of the basin.
e assessment of requirement of environmental flow during lean season with

actual flow, depth and velocity at different level.
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CHAPTER 4
HYDROLOGY

4.1 INTRODUCTION

The Bichom river basin is located in the easternmost state of India, Arunachal Pradesh
which shares a border with the states of Assam in the south and Nagaland in the south-
east, as well as with Myanmar in the east, Bhutan in the west and Tibet in the north.

The river Bichom River is one of the principal tributaries of river Kameng, which further
confluences with river Brahmaputra. River Bichom originates in the rugged mountains east
of Tawang at an elevation of more than 5,500 masl. The river then flows south-eastwards in
a deep and thickly-forested canyon to its confluence with the river Tenga. From this
confluence the Bichom then flows eastwards to join the Kameng river itself, about 10 km
south-west of the town of Seppa. The river Kameng then makes a long loop after it flows
almost westwards through the southern ridges of the mountains.

At a location only a few kilometers away towards the south-east of Nechephu pass, river
Kameng then turn towards south to enter the plain near the Bhaluphong town. In reach, river
is also known as the Bhareli.

The Kameng Hydro-Electric Project (HEP) at present is under construction and it will
develop the head across this loop of the Bichom and Kameng rivers by diverting the flow of
the former river at a dam which is being built about 10 km downstream of Nafra town, the
principal community of the upper Bichom valley.

At a short distance upstream from the Bichom dam, Digo river confluences with river
Bichom. In terms of the catchment area, river Digo is larger than river Bichom. The
catchment area of rivers Digo and Bichom at their confluence site is 1350 km? and 750 km?
respectively. The Digo catchment is bounded in the east by the Bichom and in the south by
river Tenga. The confluence of the Bichom and Digo rivers is essentially the lowest point
considered in the Bichom basin for the present study (POYRY, 2008).

It is proposed to construct 10 hydropower projects on river Bichom in the study area. In the
upper portion of Bichom basin (north of Nafra) Utung, Nazong, Dikhri, Dibbin and Dimijin
hydroelectric projects are located. In the lower portion of Bichom basin (south of Nafra)
Nafra, Dinan, Ongri/Digo, Dinchang and Jameri hydroelectric projects are located. The
schematic form of salient features of these proposed projects is shown in Figure-4.1.
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Figure-4.1: Salient features of different proposed projects in Bichom Basin

WAPCOS Limited

58




Bichom River Basin Study

4.2

REVIEW OF AVAILABLE INFORMATION

The following reports/ documents were reviewed and the data as reported in these reports

was used as basis for the present report:

4.3

Reconnaissance Study of 7 Hydro Power Projects in West Kameng District. Utung
H.E.P. (96 MW). Arunachal Pradesh, India. Volume 5. POYRY, August 2008.
Reconnaissance Study of 7 Hydro Power Projects in West Kameng District. Nazong
H.E.P. (32 MW). Arunachal Pradesh, India. Volume 6. POYRY, August 2008.
Reconnaissance Study of 7 Hydro Power Projects in West Kameng District. Dikhri
H.E.P. (48 MW). Arunachal Pradesh, India. Volume 7. POYRY, August 2008.
Reconnaissance Study of 7 Hydro Power Projects in West Kameng District. Dibbin
H.E.P. (130/62 MW). Arunachal Pradesh, India. Volume 8. POYRY, August 2008.
Reconnaissance Study of 7 Hydro Power Projects in West Kameng District. Dimijin
H.E.P. (96 MW). Arunachal Pradesh, India. Volume 9. POYRY, August 2008.
Reconnaissance Study of 7 Hydro Power Projects in West Kameng District. Dinan
H.E.P. (30,5 MW). Arunachal Pradesh, India. Volume 10. POYRY, August 2008.
Reconnaissance Study of 7 Hydro Power Projects in West Kameng District.
Dinchang H.E.P. (300 MW). Arunachal Pradesh, India. Volume 11. POYRY, August
2008.

Reconnaissance Study of 7 Hydro Power Projects in West Kameng District. Jameri
H.E.P. (128 MW). Arunachal Pradesh, India. Volume 12. POYRY, August 2008.
Detailed project report for Nafra HE project (96 MW), SMEC INDIA, Chapter 5
Hydrology.

Detailed project report for Gongri HE project (90 MW), Patel Engineering Limited,
Chapter 3 Hydrology.

DATA AVAILABILITY

The stream inflow series were based on run-off data of river Gauging and Discharge (G&D)

stations. Data were collected from three sites: Dibbin H.E.P., Bhalukpong G&D station and

Jameri H.E.P. in which Ten-daily and monthly average flow is given over different periods of

records. The details of data availability at the above sites are given in the following

paragraphs.
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Dibbin HEP
A series of Ten-Daily average flows at Dibbin dam site (C.A. 630 km?) for a period of twenty
(20) years has been determined from the analysis of the following flow records for the
Bichom River:

e Bichom Dam site (C.A. 2277 km?) for the period 1969 to 1982.

e Measured flows at Dibbin dam site during a period of eight months, between January

2005 and January 2006.

Bhalukpong G&D
No Gauge and Discharge data is available for the Ongri/Digo River, therefore flow data is
taken from Bhalukpong G&D station (C.A. 10450 km?) on the near river called Kameng and
transferred by area-proportion method to Ongri/Digo River (C.A. 1039 km?). Ten-Daily flows
are available covering the period of 14 years from May 1990 to December 2004.
Jameri HEP
The inflow series for Jameri (C.A. 938 km?) is based on the twelve (12) years time series of
measured data (1969 to 1981) in which data gaps were filled using mean monthly values,
since data available is on monthly bases.
4.4 DATA GENERATION
All available discharge records for stations in the region were collected and reviewed in
detail. After assessment of data quality for reliability and homogeneity the following data
series were selected for the generation of the inflow series in different dam sites.
Dibbin Inflow series
Final Ten-Daily inflow series at Dibbin H.E.P. covers a period of 20 years from 1969-70 to
1988-89. Following hydropower schemes are considered close to Dibbin site within areas of
similar vegetation and same effective rainfall, therefore flow series generated for Dibbin site
are transferred by area proportion for the Utung, Nazong, Dikhri, Dimijin, Nafra and Dinan
hydroelectric projects:
Jameri Inflow series
The inflow series for Jameri H.E.P. is given on monthly basis covering a period of 12 years
from 1969-70 to 1980-81. In order to transform data available on monthly to Ten-Daily basis,
a multiplicative factor is applied based on Ongri/Digo inflow series. A ratio of Ten-Daily flow
to Monthly flow is obtained as follows:

e Ten-Daily data available at Gongri dam site for every month is divided by monthly

average flow for corresponding month

WAPCOS Limited 60



Bichom River Basin Study

e This ratios is applied to transform monthly data available at Jameri G&D station into
Ten-Daily flow series.

Ongri/Digo Inflow series
Final Ten-Daily inflow series at Gongri H.E.P. (C.A. 1039 Km?) covers a period of 12 years
from 1969-70 to 1980-81. Ten-Daily inflow data is transferred by area-proportion method to
Dinchang H.E.P (C.A. 1352 Km?®) located about 19.2 km downstream of Gongri dam site
along river Gang.
The schematic form of data generation at different proposed hydroelectric project sites in
Bichom river basin are given in Figure-4.2.

GAGE &
DISCHARGE
STATIONS AT
BICHOM RIVER
BASIN
v ¢ v
DIBBIN HEP (G&D) JAMERI HEP (G&D) GONGRI HEP
C.A. 630 Km2 C.A. 938 Km2 C.A. 1039 Km2
(20 yrs Ten-Daily flow records (12 yrs Monthly flow records (12 yrs Ten-Daily flow records
from 1969-70 to 1988-1989) 1969-70 to 1980-81) from 1969-70 to 1980-81)
l v v
Data Generation Using Data Conversion Using ! n
Area Proportion Ratio from Monthly to DElE Ge”;::;f;‘igns'”g AT
Qsite = QDibbin™*(Asite/ ADibbin ) Ten-Daily Flows Based _ :
e e Quite = Qongri™ (A site/ AGongri)
v v h 4
UTUNG HEP JAMERI HEP DINCHANG HEP
C.A. (Km2) = 311 C.A. 938 Km2 C.A. (Km2) = 1352
(12 yrs Ten-Daily flow records
¢ 1969-70 to 1980-81)
NAZONG HEP

C.A. (Km2) = 391

v

DIKHRI HEP
C.A. (Km2) = 190

v

DIMIJIN HEP
C.A. (Km2) = 691

v

NAFRA HEP
C.A. (Km2) = 776

v

DINAN HEP
C.A. (Km2) = 140

Figure-4.2: Schematic form of data generation at different proposed hydroelectric
project sites in Bichom river basin
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4.5 DATA ANALYSIS
Ten-Daily average flow data were carried out at different length of year for dependability
analysis. For upper part of the Bichom basin which includes dam sites of Utong, Nazong,
Dikhri, Dibbin, Dimijin, Nafra and Dinan hydroelectric projects, total flow records cover the
period of 20 years flow records from 1969-70 to 1988-89. For lower part of Bichom basin
which includes dam sites of the proposed Gongri, Dinchang and Jameri hydroelectric
projects, total flow records used cover the period of 12 years from 1969-70 to 1980-81.
In all proposed sites, using Ten-Daily average flow, following is estimated:

e Monthly average, maximum, minimum, and corresponding standard deviation values

are estimated.

e Annual Yield volume (MCM).

e Annual Average Flow (AAF) among total years of records in cumec.
The area-ratio for catchment area for various hydroelectric projects for which Bichom HEP
Data has been used is given in Table-4.1.

TABLE-4.1

Area-ratio for catchment area for various hydroelectric projects for which Bichom
HEP data has been used

S. No. .
Project Name (CI:(arlrt]g)hment Area g::;:ohment Area

1 Utung Hydroelectric Project 311 0.494
2 Nazong Hydroelectric Project 391 0.621
3 Dikhri Hydroelectric Project 190 0.302
4 Dimijin Hydroelectric Project 691 1.097
S Nafra Hydroelectric Project 776 1.232
6 Dinan Hydroelectric Project 140 0.223

Note: Catchment Area intercepted at Dibbin HEP site is 630 km”.

The data for Dinchang HEP site using area-proportion method using Gongri HEP data. The
catchment area intercepted at Gongri and Dinchang HEP sites are 1039 km? and 1352 km?®.
Thus, the factor used for converting discharge data of Gongri HEP site for Dinchang HEP
site has been taken as 1.302.

The flow series at Dibbin HEP site and analysis of various sets of data is given in Annexure-
Il. The flow series at Gongri HEP site and analysis of various sets of data is given in
Annexure-lll. The flow series at Jameri HEP site and analysis of various sets of data is given

in Annexure-1V.
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The Assessment of the 50%, 75% and 90% dependable years at Dibbin HEP site is given in
Table-4.2. The flow duration curve for Dibbin HEP site is given in Figure-4.3. The
hydrological flow data of Dibbin HEP is mentioned above taking into consideration the
dependable years on annual basis, dependable flows for their corresponding dependable
years and the flow duration curve. The hydrological data was instrumental in interpretation of
the flow data for different dependable years of Utung, Nazong, Dikhri, Dimijin, Nafra, Dinan
the following hydroelectric projects. The flow data was calculated by using the catchment
area proportion of the HEP’s.

TABLE-4.2

Assessment of the 50%, 75% and 90% dependable years at Dibbin HEP
s Average Average
N-o. Year Discharge | Year Discharge | Rank % Time

(cumec) (cumec

1 1969-70 65.27 1981-82 | 79.21 1 4.76
2 1970-71 52.16 1969-70 | 65.27 2 9.52
3 1971-72 36.81 1973-74 | 61.55 3 14.29
4 1972-73 46.79 1987-88 | 58.84 4 19.05
5 1973-74 61.55 1985-86 | 56.82 5 23.81
6 1974-75 52.34 1974-75 | 52.34 6 28.57
7 1975-76 39.64 1970-71 | 52.16 7 33.33
8 1976-77 45.77 1986-87 | 49.97 8 38.10
9 1977-78 35.45 1972-73 | 46.79 9 42.86
10 1978-79 38.10 1982-83 | 46.77 10 47.62
11 1979-80 39.46 1988-89 | 46.66 11 52.38
12 1980-81 37.62 1976-77 | 45.77 12 57.14
13 1981-82 79.21 1984-85 | 44.51 13 61.90
14 1982-83 46.77 1975-76 | 39.64 14 66.67
15 1983-84 36.47 1979-80 | 39.46 15 71.43
16 1984-85 44.51 1978-79 | 38.10 16 76.19
17 1985-86 56.82 1980-81 | 37.62 17 80.95
18 1986-87 49.97 1971-72 | 36.81 18 85.71
19 1987-88 58.84 1983-84 | 36.47 19 90.48
20 1988-89 46.66 1977-78 | 35.45 20 95.24
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Figure-4.3 Flow Duration Curve of Dibbin HEP

The Assessment of the 50%, 75% and 90% dependable years at Gongri HEP site is given in

Table-4.3. The flow duration curve for Gongri HEP site is given in Figure-4.4. The

hydrological flow data of Gongri HEP is mentioned above taking into consideration the

dependable years on annual basis, dependable flows for their corresponding dependable

years and the flow duration curve. The hydrological data was instrumental in interpretation of

the flow data for different dependable years of the Dinchang hydroelectric project. The flow

data was calculated by using the catchment area proportion of the HEP’s.
TABLE-4.3
Assessment of the 50%, 75% and 90% dependable years at Gongri HEP

Average Average
S.No. | Year discharge | Year discharge | Rank | % Time

(cumec) (cumec)
1 1969-70 58.46 1970-71 | 80.02 1 7.69
2 1970-71 80.02 1974-75 | 76.50 2 15.38
3 1971-72 69.11 1971-72 | 69.11 3 23.08
4 1972-73 52.26 1975-76 | 67.45 4 30.77
5 1973-74 60.61 1977-78 | 60.82 5 38.46
6 1974-75 76.50 1973-74 | 60.61 6 46.15
7 1975-76 67.45 1969-70 | 58.46 7 53.85
8 1976-77 53.47 1976-77 | 53.47 8 61.54
9 1977-78 60.82 1980-81 | 53.08 9 69.23
10 1978-79 50.52 1979-80 | 52.64 10 76.92
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Average Average
S.No. | Year discharge | Year discharge | Rank | % Time
(cumec) (cumec)
11 1979-80 52.64 1972-73 | 52.26 11 84.62
12 1980-81 53.08 1978-79 | 50.52 12 92.31
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Figure 4.4 Flow Duration Curve of Gogri HEP

The Assessment of the 50%, 75% and 90% dependable years at Jameri HEP site is given in

Table-4.4. The flow duration curve for Jameri HEP site is given in Figure-4.5.

TABLE-4.4
Assessment of the 50%, 75% and 90% dependable years at Jameri HEP

Average Average

S.No. | Year Discharge Year Discharge Rank | % Time
(cumec) (cumec)

1 1969-70 | 26.95 1979-80 | 55.46 1 7.69

2 1970-71 29.90 1970-71 29.90 2 15.38

3 1971-72 | 22.65 1969-70 | 26.95 3 23.08

4 1972-73 14.51 1977-78 | 24.86 4 30.77

5 1973-74 18.33 1980-81 24.70 5 38.46

6 1974-75 | 21.20 1971-72 | 22.65 6 46.15

7 1975-76 18.17 1978-79 | 22.44 7 53.85

8 1976-77 16.42 1974-75 | 21.20 8 61.54

9 1977-78 | 24.86 1973-74 18.33 9 69.23

10 1978-79 | 22.44 1975-76 18.17 10 76.92
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Average Average
S.No. | Year Discharge Year Discharge Rank | % Time
(cumec) (cumec)
11 1979-80 55.46 1976-77 16.42 11 84.62
12 1980-81 24.70 1972-73 14.51 12 92.31
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Figure-4.5 : Flow Duration Curve of Jameri HEP

4.6 DEPENDABILITY ANALYSIS
For further dependability analysis at different sites, the next analysis were done :
e 90% dependability year among corresponding years.
e 90% dependable flow from 90% dependable year.
e Flow duration curve within various flows and dependable years (Ten-Daily average
basis) for each proposed site.
The summary of dependable flows at various project sites is given in Tables 4.5 to 4.14.

TABLE-4.5
Summary of different Dependable flow at Dibbin HEP (cumec)
Dibbin HEP Qgo Qs Qso
Dependable Flow of 90% Dependable year 1983-84 10.20 11.90 | 20.80
Dependable Flow of 75% Dependable year 1978-79 6.80 8.70 16.10
Dependable Flow of 50% Dependable year 1988-89 9.23 10.24 | 22.15
Average Ten Daily flow 9.42 11.25 | 22.74
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TABLE-4.6
Summary of different Dependable flow at Utung HEP (cumec)
Utung HEP ng Q75 Q50
Dependable Flow of 90% Dependable year 1983-84 5.04 5.88 10.27
Dependable Flow of 75% Dependable year 1978-79 3.36 4.28 7.95
Dependable Flow of 50% Dependable year 1988-89 4.56 5.06 10.94
Average Ten Daily flow 4.65 2.96 11.23
TABLE-4.7
Summary of different Dependable flow at Nazong HEP (cumec)
Nazong HEP Qgo Qszs Qso
Dependable Flow of 90% Dependable year 1983-84 6.33 7.39 12.92
Dependable Flow of 75% Dependable year 1978-79 4.22 5.40 10.00
Dependable Flow of 50% Dependable year 1988-89 5.73 6.36 13.76
Average Ten Daily flow 5.85 6.97 14.12
TABLE-4.8
Summary of different Dependable flow at Dikhri HEP (cumec)
Dikhri HEP Qg0 Qs Qso
Dependable Flow of 90% Dependable year 1983-84 3.08 3.59 6.28
Dependable Flow of 75% Dependable year 1978-79 2.05 2.63 4.86
Dependable Flow of 50% Dependable year 1988-89 2.79 3.09 6.69
Average Ten Daily flow 2.84 3.40 6.87
TABLE-4.9
Summary of different Dependable flow at Dimjin HEP (cumec)
Dimijin HEP Qgo Qs Qso
Dependable Flow of 90% Dependable year 1983-84 11.19 13.05 22.82
Dependable Flow of 75% Dependable year 1978-79 7.46 9.54 17.66
Dependable Flow of 50% Dependable year 1988-89 10.12 11.23 | 24.30
Average Ten Daily flow 10.33 12.34 | 24.95
TABLE-4.10
Summary of different Dependable flow at Nafra HEP (cumec)
Nafra HEP ng Q75 Qso
Dependable Flow of 90% Dependable year 1983-84 12.57 14.66 25.63
Dependable Flow of 75% Dependable year 1978-79 8.38 10.72 19.83
Dependable Flow of 50% Dependable year 1988-89 11.37 12.62 27.29
Average Ten Daily flow 11.61 13.86 28.02
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TABLE-4.11
Summary of different Dependable flow at Dinan HEP (cumec)
Dinan HEP Qg Qs Qso
Dependable Flow of 90% Dependable year 1983-84 227 265 |4.64
Dependable Flow of 75% Dependable year 1978-79 152 [1.94 |359
Dependable Flow of 50% Dependable year 1988-89 2.06 | 228 |4.94
Average Ten Daily flow 210 | 2.51 5.07
TABLE-4.12
Summary of different Dependable flow at Gongri HEP (cumec)
Gongri HEP Qg Qzs Q5o
Dependable Flow of 90% Dependable year 1978-79 13.49 17.35 | 32.04
Dependable Flow of 75% Dependable year 1979-80 14.80 18.85 | 29.52
Dependable Flow of 50% Dependable year 1969-70 21.98 |23.73 |34.48
Average Ten Daily flow 19.23 22.63 | 38.03
TABLE-4.13
Summary of different Dependable flow at Dinchang HEP (cumec)
Dinchang HEP Qoo Qs Qso
Dependable Flow of 90% Dependable year 1978-79 17.56 22.59 |41.72
Dependable Flow of 75% Dependable year 1979-80 19.27 2454 |38.43
Dependable Flow of 50% Dependable year 1969-70 28.62 |30.90 |44.89
Average Ten Daily flow 25.04 |29.46 | 49.51
TABLE-4.14
Summary of different Dependable flow at Jameri HEP (cumec)
Jameri HEP Qq Qs Qso
Dependable Flow of 90% Dependable year 1972-73 6.00 |7.07 |9.28
Dependable Flow of 75% Dependable year 1975-76 6.47 | 722 |1057
Dependable Flow of 50% Dependable year 1978-79 700 [8.79 |12.20
Average Ten Daily flow 742 1914 1291
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The summary of Hydrological statistical data is given in Table-4.15.

TABLE-4.15
Summary of Hydrological statistical data

Annual Max. Min.
Project g(ﬁ,‘z) ﬁ:ﬁlr;ec) Yield discharge | discharge ;Sct:helz:)w.

(MCM) (cumec) (cumec)
Utung HEP 311 23.96 755.73 156.5 2.62 92.48
Nazong HEP 391 30.12 950 196.73 3.29 116.25
Dikhri HEP 190 14.65 462 95.67 1.6 56.53
Dibbin HEP 630 48.51 1529.82 316.8 5.3 187.2
Dimijin HEP 691 53.21 1678.21 347.53 5.81 205.36
Nafra HEP 776 59.76 1884.74 390.3 6.53 230.63
Dinan HEP 140 10.82 341.15 70.65 1.18 41.75
Gongri HEP 1039 61.25 1932.72 221.74 13.73 163.3
Dinchang HEP 1352 79.75 2516.4 288.7 17.88 212.62
Jameri HEP 938 24.63 777.32 191.9 5.11 135.9

4.7 SUMMARY OF ANALYSIS

From hydropower development point of view, the availability of water for a given percentage
of time is important. Generally, 90 % dependable flow of 90% dependable year is
considered for reliable power production. The analysis has been carried out to estimate the
90 %, 75 %, and 50 % dependable years, and the corresponding 90 %, 75 %, and 5-0
dependable flows. For estimating the dependable flows at Utung, Nazong, Dikhri, Dibbin,
Dimijin, Nafra and Dinan, the flow series at Dibbin is considered. From the flow series of
Dibbin, the flows at other sites are estimated using area-proportion as these falls in same
similar catchments. Since the flows are estimated in area-proportion, the dependable years
remain same. However, the flows changes. For other sites like Dinchang and Gongri, the
flow of Ongri/Digo is taken as base. Since the monthly flows are available, the ratio of ten
daily to monthly flows of Dibbin are taken as base and the monthly flows of Ongri/Digo are
converted in to ten-daily flows. Thereafter, the flow series at Dinchang is derived using area-
proportion method. Using Ten-Daily flow series derived for Gongri HEP the 90%
dependable flow corresponds to 1978-79 and these include Gongri and Dinchang. Further,
availability of flow is analysed for Jameri site, and the dependable years and the dependable
flows are estimated. The 90 % dependable year at Jameri site corresponds to the year

1972-73.
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CHAPTER-5
WATER QUALITY
5.1 INTRODUCTION

As per the Terms of Reference, approved for the basin study, water quality monitoring is to
be conducted at various locations in the study area. The frequency of monitoring shall be per
month for six (6) consecutive months. The months in which monitoring was conducted are
given as below:

April 2009

May 2009

June 2009

July 2009
August 2009
September 2009

5.2 SAMPLING SITES

As mentioned earlier, ten hydroelectric projects are proposed to be commissioned in the
study area. Two sampling sites were monitored for each project. Thus, a total of twenty (20)
sampling locations were covered as a part of the study. The sampling locations covered as a
part of the study are listed as below:

e Dam site
e 3000 m downstream of dam site

The sampling locations covered as a part of the study are given in Figure-5.1. The drinking
water quality standards are given in Annexure-V.

5.3  FINDINGS OF THE WATER QUALITY SURVEY
5.3.1 Utung Hydroelectric project
As a part of the study, water quality was monitored at the following locations:

e Dam site (W1)
e 3000 m downstream of dam site (W2)

The results of water quality survey conducted for six months for Utung hydroelectric project
are given in Tables-5.1 to 5.6.
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TABLE-5.1

Results of water quality monitoring for Utung hydroelectric project : April 2009
Parameter W1 w2
pH 7.2 7.2
Electrical Conductivity, micromhos/cm 91 98
Total Dissolved Solids, mg/l 64 71
Hardness, mg/l 54 54
Chlorides, mg/I 16 18
Sulphates, mg/| <1.0 <1.0
Phosphates, mg/| <0.01 <0.01
Nitrates, mg/l <0.01 <0.01
Sodium, mg/| 5.2 5.7
Potassium, mg/I 1.0 1.2
Calcium, mg/l 15.6 16.1
Magnesium, mg/| 3.5 3.3
Iron, mg/| <0.1 <0.1
Alkalinity, mg/| 66 65
Copper, mg/l <0.1 <0.1
Lead, mg/l <0.1 <0.1
Zinc, mg/l <0.1 <0.1
Chromium, mg/| <0.05 <0.05
Mercury, mg/| <0.001 <0.001
Cadmium, mg/l <0.01 <0.01
BOD, mg/l 1.8 1.8
COD, mg/l 3.4 3.4
DO, mg/l 9.5 9.4
Phenolic compounds, mg/l BDL BDL
Oil & Grease, mg/| BDL BDL
Total Coliform MPN/100 ml Nil Nil

TABLE-5.2

Results of water quality monitoring for Utun

g hydroelectric project : May 2009

Parameter W1 w2
pH 7.2 7.2
Electrical Conductivity, micromhos/cm 92 96
Total Dissolved Solids, mg/l 65 70
Hardness, mg/l 52 54
Chlorides, mg/I 16 18
Sulphates, mg/l <1.0 <1.0
Phosphates, mg/| <0.01 <0.01
Nitrates, mg/| <0.01 <0.01
Sodium, mg/| 5.1 5.2
Potassium, mg/| 0.9 1.0
Calcium, mg/I 15.2 16.0
Magnesium, mg/l 3.3 3.2
Iron, mg/| <0.1 <0.1
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Parameter W1 w2
Alkalinity, mg/l 63 66
Copper, mg/l <0.1 <0.1
Lead, mg/l <0.1 <0.1
Zinc, mg/| <0.1 <0.1
Chromium, mg/| <0.05 <0.05
Mercury, mg/| <0.001 <0.001
Cadmium, mg/| <0.01 <0.01
BOD, mg/l 1.8 1.8
COD, mg/l 3.4 3.4
DO, mg/I 9.5 9.5
Phenolic compounds, mg/l BDL BDL
Oil & Grease, mg/| BDL BDL
Total Coliform MPN/100 ml Nil Nil
TABLE-5.3

Results of water quality monitoring for Utung hydroelectric project : June 2009
Parameter W1 w2
pH 74 7.1
Electrical Conductivity, micromhos/cm 88 86
Total Dissolved Solids, mg/l 64 63
Hardness, mg/I 48 49
Chlorides, mg/l 14 15
Sulphates, mgl/l <1.0 <1.0
Phosphates, mg/| <0.01 <0.01
Nitrates, mg/l <0.01 <0.01
Sodium, mg/l 4.5 4.5
Potassium, mg/I| 0.8 0.8
Calcium, mg/I 141 14.3
Magnesium, mg/| 3.0 3.0
Iron, mg/| <0.1 <0.1
Alkalinity, mg/| 59 61
Copper, mg/l <0.1 <0.1
Lead, mg/l <0.1 <0.1
Zinc, mg/| <0.1 <0.1
Chromium, mg/I <0.05 <0.05
Mercury, mg/| <0.001 <0.001
Cadmium, mg/I <0.01 <0.01
BOD, mg/l 1.7 1.7
COD, mg/l 3.1 3.2
DO, mg/l 9.5 9.5
Phenolic compounds, mg/l BDL BDL
Oil & Grease, mg/l BDL BDL
Total Coliform MPN/100 ml| Nil Nil
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TABLE-5.4

Results of water quality monitoring for Utun

g hydroelectric project : July 2009

Parameter W1 w2
pH 7.1 7.1
Electrical Conductivity, micromhos/cm 86 85
Total Dissolved Solids, mg/l 63 65
Hardness, mg/l 47 48
Chlorides, mg/l 14 14
Sulphates, mg/| <1.0 <1.0
Phosphates, mg/| <0.01 <0.01
Nitrates, mg/l <0.01 <0.01
Sodium, mg/| 4.2 4.4
Potassium, mg/| 0.7 0.8
Calcium, mg/I 14.0 14.0
Magnesium, mg/| 2.9 3.0
Iron, mg/| <0.1 <0.1
Alkalinity, mg/| 57 59
Copper, mg/l <0.1 <0.1
Lead, mg/l <0.1 <0.1
Zinc, mg/| <0.1 <0.1
Chromium, mg/| <0.05 <0.05
Mercury, mg/l <0.001 <0.001
Cadmium, mg/l <0.01 <0.01
BOD, mg/l 1.6 1.5
COD, myg/l 3.0 3.0
DO, mg/l 9.5 9.5
Phenolic compounds, mg/l BDL BDL
Oil & Grease, mg/| BDL BDL
Total Coliform MPN/100 ml Nil Nil

TABLE-5.5

Results of water quality monitoring for Utung

hydroelectric project : August 2009

Parameter W1 w2
pH 71 71
Electrical Conductivity, micromhos/cm 86 86
Total Dissolved Solids, mg/| 63 64
Hardness, mg/I 48 48
Chlorides, mg/l 14 14
Sulphates, mg/l <1.0 <1.0
Phosphates, mg/l <0.01 <0.01
Nitrates, mg/| <0.01 <0.01
Sodium, mg/l 4.1 4.4
Potassium, mg/| 0.7 0.8
Calcium, mg/l 14.1 14.1
Magnesium, mg/| 3.0 3.0
Iron, mg/| <0.1 <0.1
Alkalinity, mg/| 59 60
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Parameter W1 w2
Copper, mg/l <0.1 <0.1
Lead, mg/l <0.1 <0.1
Zinc, mg/| <0.1 <0.1
Chromium, mg/I <0.05 <0.05
Mercury, mg/I <0.001 <0.001
Cadmium, mg/l <0.01 <0.01
BOD, mg/l 1.5 1.5
COD, mg/l 3.0 3.0
DO, mg/l 9.5 9.5
Phenolic compounds, mg/l BDL BDL
Oil & Grease, mg/l BDL BDL
Total Coliform MPN/100 ml| Nil Nil
TABLE-5.6

Results of water quality monitoring for Utung hydroelectric project : September 2009
Parameter W1 w2
pH 71 7.0
Electrical Conductivity, micromhos/cm 88 88
Total Dissolved Solids, mg/l 66 66
Hardness, mg/l 49 48
Chlorides, mg/I 15 14
Sulphates, mg/| <1.0 <1.0
Phosphates, mg/| <0.01 <0.01
Nitrates, mg/l <0.01 <0.01
Sodium, mg/| 4.3 4.5
Potassium, mg/| 0.9 0.9
Calcium, mg/I 14.4 14.3
Magnesium, mg/| 3.1 3.1
Iron, mg/| <0.1 <0.1
Alkalinity, mg/| 61 60
Copper, mg/l <0.1 <0.1
Lead, mg/l <0.1 <0.1
Zinc, mg/| <0.1 <0.1
Chromium, mg/I <0.05 <0.05
Mercury, mg/l <0.001 <0.001
Cadmium, mg/l <0.01 <0.01
BOD, mg/l 1.6 1.5
COD, mg/l 3.1 3.0
DO, mg/l 94 9.4
Phenolic compounds, mg/l BDL BDL
Oil & Grease, mg/l BDL BDL
Total Coliform MPN/100 ml Nil Nil

The pH level in the project area of Utung hydroelectric project ranged from 7.0 to 7.2 at

various samples sites covered as a part of the study. The pH level indicate neutral nature of
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the water, and are within the permissible limit specified for meeting drinking water
requirements (Refer Annexure-V).

The TDS level ranged from 63 to 71 mg/l which is well below the permissible limit of 500
mg/l specified for drinking water. The TDS level was found to be lower in monsoon season
as compared to summer season. This trend was observed for various cations and anions
monitored as a part of the study. This could be attributed to higher discharges in monsoon
months.

The hardness level ranged from 47 to 54 mg/l indicating soft nature. The hardness level was
well below the permissible limit of 200 mg/l specified for drinking water. Hardness is caused
by divalent metallic cations. The principal hardness causing cations are calcium,
magnesium, strontium and iron. The low levels of calcium and magnesium are mainly
responsible for the soft nature of water.

Alkalinity of a water is a measure of its capacity to neutralize acids. The alkalinity of natural
water is due primarily because of the salts of weak acids. The alkalinity was found to be
higher than the total hardness in all the water sampling stations monitored as a part of the
study, which indicates that entire hardness in the water is on account of carbonate hardness
and there is no bicarbonate hardness in the water.

The chlorides level ranged from 14 to 18 mg/l, which are well below the permissible limit of
200 mg/l, specified for meeting drinking water requirements. The sulphates level at various
sampling stations was less than <1.0 mg/l in various samples monitored for a period of six
months as a part of the study. The sulphates was found to be well below the permissible limit
of 200 mg/l specified for drinking water purposes. The concentration of nitrates and
phosphates at various sampling locations was observed to below detectable limit of 0.01
mg/l.

The concentration of various cations, e.g. sodium, potassium, calcium and magnesium was
observed to be quite low which is also reflected by the low TDS level. Iron was found to be
well below the permissible limit of 1 mg/l specified for drinking water purposes.

The concentration of various heavy metals was found to be well below the permissible limits.
The concentration of phenolic compounds and oil & grease as expected in a region with no
major sources of water pollution from domestic or industrial sources was observed to be
quite low.

The BOD values are well within the permissible limits, which indicates the absence of
organic pollution loading. This is mainly due to the low population density and absence of

WAPCOS Limited 75



Bichom River Basin Study

industries in the area. The low COD values also indicate the absence of chemical pollution
loading in the area. The marginal quantity of pollution load which enters river Bichom, gets
diluted.

The DO level ranged from 9.4 to 9.5 mg/l at various sampling locations monitored on a
monthly basis for six months as a part of the study.

The Total Coliform level was nil at all the sampling sites. The DO, BOD and Total Coliform
level indicate that pollution loading is well within the carrying capacity of river Bichom in the

study area.

5.3.2 Nazong Hydroelectric project
As a part of the study, water quality was monitored at the following locations:
e Dam site (W3)
e 3000 m downstream of dam site (W4)
The results of water quality survey conducted for six months for Nazong hydroelectric
project, are given in Tables-5.7 to 5.12.

TABLE-5.7
Results of water quality monitoring for Nazong hydroelectric project : April 2009

Parameter w3 w4
pH 7.2 7.1
Electrical Conductivity, micromhos/cm 96 95
Total Dissolved Solids, mg/l 71 71
Hardness, mg/l 52 54
Chlorides, mg/I 17 18
Sulphates, mg/l <1.0 <1.0
Phosphates, mg/| <0.01 <0.01
Nitrates, mg/| <0.01 <0.01
Sodium, mg/| 5.4 5.3
Potassium, mg/| 1.0 1.0
Calcium, mg/I 15.1 14.9
Magnesium, mg/| 3.3 3.3
Iron, mg/| <0.1 <0.1
Alkalinity, mg/| 64 62
Copper, mg/l <0.1 <0.1
Lead, mg/l <0.1 <0.1
Zinc, mg/| <0.1 <0.1
Chromium, mg/I <0.05 <0.05
Mercury, mg/| <0.001 <0.001
Cadmium, mg/l <0.01 <0.01
BOD, mg/l 1.8 1.8
COD, mg/l 3.5 3.4
DO, mg/l 9.3 9.4
Phenolic compounds, mg/l BDL BDL
Oil & Grease, mg/l BDL BDL

WAPCOS Limited

76




Bichom River Basin Study

Parameter W3 w4
Total Coliform MPN/100 ml| Nil Nil
TABLE-5.8

Results of water quality monitoring for Nazong hydroelectric project : May 2009
Parameter w3 w4
pH 7.2 7.1
Electrical Conductivity, micromhos/cm 96 95
Total Dissolved Solids, mg/l 71 71
Hardness, mg/I 52 54
Chlorides, mg/l 17 18
Sulphates, mg/l <1.0 <1.0
Phosphates, mg/l <0.01 <0.01
Nitrates, mg/| <0.01 <0.01
Sodium, mg/| 5.4 5.3
Potassium, mg/| 1.0 1.0
Calcium, mg/l 15.1 14.9
Magnesium, mg/| 3.3 3.3
Iron, mg/| <0.1 <0.1
Alkalinity, mg/| 64 62
Copper, mg/l <0.1 <0.1
Lead, mg/l <0.1 <0.1
Zinc, mg/| <0.1 <0.1
Chromium, mg/I <0.05 <0.05
Mercury, mg/l <0.001 <0.001
Cadmium, mg/I <0.01 <0.01
BOD, mg/l 1.8 1.8
COD, mg/l 3.5 3.4
DO, mg/l 9.3 9.4
Phenolic compounds, mg/l BDL BDL
Oil & Grease, mg/l BDL BDL
Total Coliform MPN/100 ml Nil Nil

TABLE-5.9

Results of water quality monitoring for Nazong hydroelectric project : June 2009
Parameter w3 w4
pH 7.1 7.1
Electrical Conductivity, micromhos/cm 88 86
Total Dissolved Solids, mg/| 64 63
Hardness, mg/I 48 49
Chlorides, mg/| 14 15
Sulphates, mg/l <1.0 <1.0
Phosphates, mg/| <0.01 <0.01
Nitrates, mg/I <0.01 <0.01
Sodium, mg/l 4.5 4.5
Potassium, mg/| 0.8 0.8
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Parameter W3 w4
Calcium, mg/l 141 14.3
Magnesium, mg/| 3.0 3.0
Iron, mg/| <0.1 <0.1
Alkalinity, mg/l 59 61
Copper, mg/l <0.1 <0.1
Lead, mg/I <0.1 <0.1
Zinc, mg/| <0.1 <0.1
Chromium, mg/| <0.05 <0.05
Mercury, mg/l <0.001 <0.001
Cadmium, mg/| <0.01 <0.01
BOD, mg/l 1.7 1.7
COD, mg/l 3.1 3.2
DO, mg/l 9.5 9.5
Phenolic compounds, mg/l BDL BDL
Oil & Grease, mg/l BDL BDL
Total Coliform MPN/100 ml| Nil Nil
TABLE-5.10

Results of water quality monitoring for Nazong hydroelectric project : July 2009
Parameter w3 w4
pH 7.1 7.1
Electrical Conductivity, micromhos/cm 86 85
Total Dissolved Solids, mg/l 63 65
Hardness, mg/l 47 48
Chlorides, mg/I 14 14
Sulphates, mg/l <1.0 <1.0
Phosphates, mg/l <0.01 <0.01
Nitrates, mg/l <0.01 <0.01
Sodium, mg/| 4.2 4.4
Potassium, mg/| 0.7 0.8
Calcium, mg/l 14.0 14.0
Magnesium, mg/| 2.9 3.0
Iron, mg/| <0.1 <0.1
Alkalinity, mg/| 57 59
Copper, mg/l <0.1 <0.1
Lead, mg/l <0.1 <0.1
Zinc, mg/| <0.1 <0.1
Chromium, mg/| <0.05 <0.05
Mercury, mg/l <0.001 <0.001
Cadmium, mg/I <0.01 <0.01
BOD, mg/l 1.6 1.5
COD, myg/l 3.0 3.0
DO, mg/l 9.5 9.5
Phenolic compounds, mg/l BDL BDL
Oil & Grease, mg/| BDL BDL
Total Coliform MPN/100 ml| Nil Nil
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TABLE-5.11
Results of water quality monitoring for Nazong hydroelectric project : August 2009
Parameter w3 w4
pH 7.1 7.1
Electrical Conductivity, micromhos/cm 86 86
Total Dissolved Solids, mg/l 63 64
Hardness, mg/I 48 48
Chlorides, mg/l 14 14
Sulphates, mg/l <1.0 <1.0
Phosphates, mg/l <0.01 <0.01
Nitrates, mg/l <0.01 <0.01
Sodium, mg/| 4.1 4.4
Potassium, mg/I 0.7 0.8
Calcium, mg/I 14.1 14.1
Magnesium, mg/| 3.0 3.0
Iron, mg/| <0.1 <0.1
Alkalinity, mg/| 59 60
Copper, mg/l <0.1 <0.1
Lead, mg/I <0.1 <0.1
Zinc, mg/| <0.1 <0.1
Chromium, mg/| <0.05 <0.05
Mercury, mg/| <0.001 <0.001
Cadmium, mg/I <0.01 <0.01
BOD, mg/l 1.5 1.5
COD, mg/l 3.0 3.0
DO, mg/l 9.5 9.5
Phenolic compounds, mg/l BDL BDL
Oil & Grease, mg/l BDL BDL
Total Coliform MPN/100 ml| Nil Nil
TABLE-5.12
Results of water quality monitoring for Nazong hydroelectric project : September 2009
Parameter w3 w4
pH 71 7.1
Electrical Conductivity, micromhos/cm 88 88
Total Dissolved Solids, mg/l 66 66
Hardness, mg/l 49 48
Chlorides, mg/l 15 14
Sulphates, mg/l <1.0 <1.0
Phosphates, mg/| <0.01 <0.01
Nitrates, mg/l <0.01 <0.01
Sodium, mg/| 4.3 4.5
Potassium, mg/| 0.9 0.9
Calcium, mg/I 14.4 14.3
Magnesium, mg/| 3.1 3.1
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Parameter W3 w4
Iron, mg/| <0.1 <0.1
Alkalinity, mg/| 61 60
Copper, mg/l <0.1 <0.1
Lead, mg/l <0.1 <0.1
Zinc, mg/| <0.1 <0.1
Chromium, mg/| <0.05 <0.05
Mercury, mg/I <0.001 <0.001
Cadmium, mg/l <0.01 <0.01
BOD, mg/l 1.6 1.5
COD, mg/l 3.1 3.0
DO, mg/l 9.4 9.4
Phenolic compounds, mg/l BDL BDL
Oil & Grease, mg/l BDL BDL
Total Coliform MPN/100 ml Nil Nil

The pH level in various water samples monitored in the project area of Nazong hydroelectric
project ranged from 7.1 to 7.2. The pH level indicate neutral nature of the water. The pH
level in water samples was observed to be well within the permissible limit specified for
meeting drinking water requirements.

The TDS level ranged from 63 to 71 mg/l which is well below the permissible limit of 500
mg/l specified for drinking water. The TDS level was found to be lower in monsoon months
as compared to summer months. This trend was observed for various cations and anions
monitored as a part of the study.

The hardness level ranged from 47 to 54 mg/l indicating soft nature of water. The hardness
level was well below the permissible limit of 200 mg/I specified for drinking water. Hardness
is caused by divalent metallic cations. The low levels of calcium and magnesium are mainly
responsible for the soft nature of water. The alkalinity was found to be higher than the total
hardness in all the water sampling stations monitored as a part of the study, which indicates
that entire hardness in the water is on account of carbonate hardness and there is no
bicarbonate hardness in the water.

The chlorides level ranged from 14 to 18 mg/l, which is well below the permissible limit
specified for drinking water (200 mg/l). The sulphates level at various sampling stations was
<1.0 mg/l in various samples during the monitoring period covered as a part of the study.
The concentration of nitrates and phosphates at various sampling locations was observed to
below detectable limit of 0.01 mg/I.
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The concentration of various cations, e.g. sodium, potassium, calcium and magnesium was
observed to be quite low which is also reflected by the low TDS level. Iron was found to be
well below the permissible limit of 1 mg/l specified for drinking water purposes.
The concentration of various heavy metals was found to be well below the permissible limits.
Concentration of phenolic compounds and oil & grease as expected in a hilly terrain with no
major sources of water pollution from domestic or industrial sources was observed to be
quite low.
The BOD and total coliform values are well within the permissible limits, which indicates the
absence of organic pollution loading. This is mainly due to the low population density and
absence of industries in the area. The low COD values also indicate the absence of
chemical pollution loading in the area. The marginal quantity of pollution load which enters
river Bichom, gets diluted.
The DO level ranged from 9.3 to 9.5 mg/l at various sampling locations monitored on a
monthly basis for six months as a part of the study. The DO levels were close to saturation
limits in water, indicating the excellent quality of water in the study area.
5.3.3 Dibbin Hydroelectric project
As a part of the study, water quality was monitored at the following locations:

e Dam site (W5)

e 3000 m downstream of dam site (W6)
The results of water quality survey conducted for six months for Dibbin hydroelectric project
are given in Tables-5.13 to 5.18.

TABLE-5.13

Results of water quality monitoring for Dibbin hydroelectric project: April 2009
Parameter W5 W6
pH 71 71
Electrical Conductivity, micromhos/cm 90 90
Total Dissolved Solids, mg/| 67 66
Hardness, mg/| 43 44
Chlorides, mg/l 14 12
Sulphates, mg/l <1.0 <1.0
Phosphates, mg/| <0.01 <0.01
Nitrates, mg/I <0.01 <0.01
Sodium, mg/l 4.1 4.2
Potassium, mg/| 1.0 1.0
Calcium, mg/l 12.1 12.7
Magnesium, mg/| 3.1 3.0
Iron, mg/| <0.1 <0.1
Alkalinity, mg/| 51 49
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Parameter W5 W6
Copper, mg/l <0.1 <0.1
Lead, mg/l <0.1 <0.1
Zinc, mg/| <0.1 <0.1
Chromium, mg/I <0.05 <0.05
Mercury, mg/I <0.001 <0.001
Cadmium, mg/l <0.01 <0.01
BOD, mg/l 1.8 1.9
COD, mg/l 3.5 3.7
DO, mg/l 9.3 9.2
Phenolic compounds, mg/l BDL BDL
Oil & Grease, mg/l BDL BDL
Total Coliform MPN/100 ml| Nil Nil
TABLE-5.14

Results of water quality monitoring for Dibbin hydroelectric project: May 2009
Parameter W5 W6
pH 7.0 7.1
Electrical Conductivity, micromhos/cm 87 88
Total Dissolved Solids, mg/l 64 65
Hardness, mg/l 42 43
Chlorides, mg/l 12 11
Sulphates, mg/l <1.0 <1.0
Phosphates, mg/| <0.01 <0.01
Nitrates, mg/| <0.01 <0.01
Sodium, mg/| 4.1 4.1
Potassium, mg/| 1.0 1.0
Calcium, mg/I 11.9 12.1
Magnesium, mg/| 3.0 3.0
Iron, mg/| <0.1 <0.1
Alkalinity, mg/| 50 50
Copper, mg/l <0.1 <0.1
Lead, mg/l <0.1 <0.1
Zinc, mg/| <0.1 <0.1
Chromium, mg/I <0.05 <0.05
Mercury, mg/l <0.001 <0.001
Cadmium, mg/I <0.01 <0.01
BOD, mg/l 1.8 1.8
COD, mg/l 3.5 3.6
DO, mg/l 9.1 9.1
Phenolic compounds, mg/l BDL BDL
Oil & Grease, mg/l BDL BDL
Total Coliform MPN/100 ml Nil Nil
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TABLE-5.15

Results of water quality monitoring for Dibbin hydroelectric project: June 2009
Parameter W5 W6
pH 7.1 7.1
Electrical Conductivity, micromhos/cm 86 86
Total Dissolved Solids, mg/l 63 63
Hardness, mg/l 41 42
Chlorides, mg/l 11 11
Sulphates, mg/| <1.0 <1.0
Phosphates, mg/| <0.01 <0.01
Nitrates, mg/l <0.01 <0.01
Sodium, mg/| 4.0 41
Potassium, mg/| 1.0 1.0
Calcium, mg/I 11.4 12.0
Magnesium, mg/| 3.0 2.8
Iron, mg/| <0.1 <0.1
Alkalinity, mg/| 48 50
Copper, mg/l <0.1 <0.1
Lead, mg/l <0.1 <0.1
Zinc, mg/| <0.1 <0.1
Chromium, mg/| <0.05 <0.05
Mercury, mg/l <0.001 <0.001
Cadmium, mg/l <0.01 <0.01
BOD, mg/l 1.8 1.7
COD, myg/l 3.5 3.5
DO, mg/l 9.0 9.0
Phenolic compounds, mg/l BDL BDL
Oil & Grease, mg/| BDL BDL
Total Coliform MPN/100 ml Nil Nil

TABLE-5.16

Results of water quality monitoring for Dibbin hydroelectric project: July 2009
Parameter W5 W6
pH 7.0 7.0
Electrical Conductivity, micromhos/cm 82 82
Total Dissolved Solids, mg/| 60 61
Hardness, mg/I 39 40
Chlorides, mg/I 9 9
Sulphates, mg/l <1.0 <1.0
Phosphates, mg/l <0.01 <0.01
Nitrates, mg/I <0.01 <0.01
Sodium, mg/l 2.9 2.8
Potassium, mg/| 1.0 1.0
Calcium, mg/l 11.0 11.5
Magnesium, mg/l 2.8 2.7
Iron, mg/| <0.1 <0.1
Alkalinity, mg/l 48 48
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Parameter W5 W6
Copper, mg/l <0.1 <0.1
Lead, mg/l <0.1 <0.1
Zinc, mg/| <0.1 <0.1
Chromium, mg/I <0.05 <0.05
Mercury, mg/I <0.001 <0.001
Cadmium, mg/l <0.01 <0.01
BOD, mg/l 1.5 1.6
COD, mg/l 3.1 3.2
DO, mg/l 9.1 9.1
Phenolic compounds, mg/l BDL BDL
Oil & Grease, mg/l BDL BDL
Total Coliform MPN/100 ml| Nil Nil
TABLE-5.17

Results of water quality monitoring for Dibbin hydroelectric project: August 2009
Parameter W5 W6
pH 7.0 7.0
Electrical Conductivity, micromhos/cm 80 82
Total Dissolved Solids, mg/l 58 60
Hardness, mg/l 38 39
Chlorides, mg/l 9 9
Sulphates, mg/l <1.0 <1.0
Phosphates, mg/l <0.01 <0.01
Nitrates, mg/| <0.01 <0.01
Sodium, mg/| 2.9 2.8
Potassium, mg/| 1.0 1.0
Calcium, mg/I 11.0 11.2
Magnesium, mg/I 2.6 2.7
Iron, mg/| <0.1 <0.1
Alkalinity, mg/| 48 48
Copper, mg/l <0.1 <0.1
Lead, mg/l <0.1 <0.1
Zinc, mg/| <0.1 <0.1
Chromium, mg/I <0.05 <0.05
Mercury, mg/l <0.001 <0.001
Cadmium, mg/I <0.01 <0.01
BOD, mg/l 1.5 1.6
COD, mg/l 3.1 3.1
DO, mg/l 9.1 9.1
Phenolic compounds, mg/l BDL BDL
Oil & Grease, mg/l BDL BDL
Total Coliform MPN/100 ml Nil Nil
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TABLE-5.18

Results of water quality monitoring for Dibbin hydroelectric project: September 2009
Parameter W5 W6
pH 7.0 7.0
Electrical Conductivity, micromhos/cm 80 80
Total Dissolved Solids, mg/l 58 58
Hardness, mg/l 37 39
Chlorides, mg/l 9 9
Sulphates, mg/| <1.0 <1.0
Phosphates, mg/| <0.01 <0.01
Nitrates, mg/l <0.01 <0.01
Sodium, mg/| 2.8 2.8
Potassium, mg/| 1.0 1.0
Calcium, mg/l 10.8 11.0
Magnesium, mg/| 2.5 2.6
Iron, mg/| <0.1 <0.1
Alkalinity, mg/| 46 48
Copper, mg/l <0.1 <0.1
Lead, mg/l <0.1 <0.1
Zinc, mg/l <0.1 <0.1
Chromium, mg/| <0.05 <0.05
Mercury, mg/| <0.001 <0.001
Cadmium, mg/l <0.01 <0.01
BOD, mg/l 1.5 1.5
COD, mg/l 3.0 3.0
DO, mg/l 9.2 9.1
Phenolic compounds, mg/l BDL BDL
Oil & Grease, mg/| BDL BDL
Total Coliform MPN/100 ml Nil Nil

The pH level in the project area of Dibbin hydroelectric project was observed to be in neutral
range (7.0 to 7.1) at various sampling sites covered as a part of the study. The TDS level
ranged from 58 to 67 mg/I which is well below the permissible limit of 500 mg/I specified for
drinking water. The TDS level was found to be lower in monsoon months as compared to
summer months. This trend was observed for various cations and anions monitored as a
part of the study.

The hardness level ranged from 37 to 44 mg/l indicating soft nature. The hardness level was
well below the permissible limit of 200 mg/l specified for drinking water. Hardness is caused
by divalent metallic cations. The low levels of calcium and magnesium are mainly
responsible for the soft nature of water. The alkalinity was found to be higher than the total

hardness in all the water sampling stations monitored as a part of the study, which indicates
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that entire hardness in the water is on account of carbonate hardness and there is no
bicarbonate hardness in the water.
The chlorides level ranged from 9 to 14 mg/l, which is well below the permissible limit
specified for drinking water (200 mg/l). The sulphates level at various sampling stations was
<1.0 mg/l in various samples monitored for a period of six months as a part of the study. The
concentration of nitrates and phosphates at various sampling locations was observed to
below detectable limit of 0.01 mg/l.
The concentration of various cations, e.g. sodium, potassium, calcium and magnesium was
observed to be quite low which is also reflected by the low TDS level. Iron was found to be
well below the permissible limit of 1 mg/l specified for drinking water purposes.
The concentration of various heavy metals was found to be well below the permissible limits.
Concentration of phenolic compounds and oil & grease as expected in a hilly terrain with no
major sources of water pollution from domestic or industrial sources was observed to be
quite low.
The BOD and Total coliform values are well within the permissible limits, which indicates the
absence of organic pollution loading. This is mainly due to the low population density and
absence of industries in the area. The low COD values also indicate the absence of
chemical pollution loading in the area. The marginal quantity of pollution load which enters
river Bichom, gets diluted.
The DO level ranged from 9.0 to 9.3 mg/l at various sampling locations monitored on a
monthly basis for six months as a part of the study. The DO levels were close to saturation
limits in water, indicating the excellent quality of water in the study area.
5.3.4 Dimijin Hydroelectric project
As a part of the study, water quality was monitored at the following locations:

e Dam site (W7)

e 3000 m downstream of dam site (W8)
The results of water quality survey conducted for six months for Dimijin hydroelectric project
are given in Tables-5.19 to 5.24.

TABLE-5.19
Results of water quality monitoring for Dimijin hydroelectric project : April 2009
Parameter w7 ws
pH 7.0 71
Electrical Conductivity, micromhos/cm 94 92
Total Dissolved Solids, mg/l 69 67
Hardness, mg/l 49 48
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Parameter w7 w8
Chlorides, mg/I 15 15
Sulphates, mg/l <1.0 <1.0
Phosphates, mg/l <0.01 <0.01
Nitrates, mg/I <0.01 <0.01
Sodium, mg/| 5.0 5.1
Potassium, mg/| 1.1 1.0
Calcium, mg/I 13.9 13.7
Magnesium, mg/| 3.3 3.3
Iron, mg/| <0.1 <0.1
Alkalinity, mg/| 62 61
Copper, mg/l <0.1 <0.1
Lead, mg/I <0.1 <0.1
Zinc, mg/| <0.1 <0.1
Chromium, mg/I <0.05 <0.05
Mercury, mg/| <0.001 <0.001
Cadmium, mg/l <0.01 <0.01
BOD, mg/l 1.8 1.8
COD, mg/l 3.5 3.5
DO, mg/l 9.2 9.2
Phenolic compounds, mg/l BDL BDL
Oil & Grease, mg/l BDL BDL
Total Coliform MPN/100 ml| Nil Nil
TABLE-5.20

Results of water quality monitoring for Dimijin hydroelectric project : May 2009
Parameter w7 w8
pH 7.0 7.0
Electrical Conductivity, micromhos/cm 92 91
Total Dissolved Solids, mg/l 67 67
Hardness, mg/l 47 47
Chlorides, mg/I 15 15
Sulphates, mg/l <1.0 <1.0
Phosphates, mg/| <0.01 <0.01
Nitrates, mg/l <0.01 <0.01
Sodium, mg/| 5.0 5.0
Potassium, mg/| 1.1 1.1
Calcium, mg/I 13.5 13.5
Magnesium, mg/| 3.1 3.2
Iron, mg/| <0.1 <0.1
Alkalinity, mg/| 59 60
Copper, mg/l <0.1 <0.1
Lead, mg/l <0.1 <0.1
Zinc, mg/| <0.1 <0.1
Chromium, mg/I <0.05 <0.05
Mercury, mg/I <0.001 <0.001
Cadmium, mg/I <0.01 <0.01
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Parameter w7 w8
BOD, mg/l 1.7 1.8
COD, myg/l 3.3 3.5
DO, mg/l 9.1 9.2
Phenolic compounds, mg/l BDL BDL
Oil & Grease, mg/| BDL BDL
Total Coliform MPN/100 ml| Nil Nil
TABLE-5.21

Results of water quality monitoring for Dimijin hydroelectric project : June 2009
Parameter w7 w8
pH 7.0 7.0
Electrical Conductivity, micromhos/cm 92 92
Total Dissolved Solids, mg/l 67 68
Hardness, mg/| 47 46
Chlorides, mg/l 15 15
Sulphates, mg/l <1.0 <1.0
Phosphates, mg/| <0.01 <0.01
Nitrates, mg/l <0.01 <0.01
Sodium, mg/l 5.0 5.0
Potassium, mg/I| 1.1 1.2
Calcium, mg/l 13.5 13.2
Magnesium, mg/I 3.1 3.1
Iron, mg/| <0.1 <0.1
Alkalinity, mg/| 59 58
Copper, mg/l <0.1 <0.1
Lead, mg/l <0.1 <0.1
Zinc, mg/| <0.1 <0.1
Chromium, mg/I <0.05 <0.05
Mercury, mg/l <0.001 <0.001
Cadmium, mg/I <0.01 <0.01
BOD, mg/l 1.7 1.8
COD, mg/l 3.3 3.5
DO, mg/l 9.1 9.2
Phenolic compounds, mg/l BDL BDL
Oil & Grease, mg/l BDL BDL
Total Coliform MPN/100 ml Nil Nil

TABLE-5.22

Results of water quality monitoring for Dimijin hydroelectric project : July 2009
Parameter w7 w8
pH 7.0 7.0
Electrical Conductivity, micromhos/cm 86 88
Total Dissolved Solids, mg/l 63 64
Hardness, mg/I 45 45
Chlorides, mg/l 15 14
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Parameter w7 w8
Sulphates, mg/l <1.0 <1.0
Phosphates, mg/| <0.01 <0.01
Nitrates, mg/l <0.01 <0.01
Sodium, mg/| 5.0 4.9
Potassium, mg/| 1.1 1.1
Calcium, mg/l 13.1 12.9
Magnesium, mg/| 3.1 3.0
Iron, mg/| <0.1 <0.1
Alkalinity, mg/| 57 57
Copper, mg/l <0.1 <0.1
Lead, mg/l <0.1 <0.1
Zinc, mg/| <0.1 <0.1
Chromium, mg/| <0.05 <0.05
Mercury, mg/| <0.001 <0.001
Cadmium, mg/| <0.01 <0.01
BOD, mg/l 1.6 1.6
COD, mg/l 3.1 3.1
DO, mg/l 9.2 9.2
Phenolic compounds, mg/l BDL BDL
Oil & Grease, mg/l BDL BDL
Total Coliform MPN/100 ml Nil Nil
TABLE-5.23

Results of water quality monitoring for Dimijin hydroelectric project : August 2009
Parameter w7
pH 7.0 7.0
Electrical Conductivity, micromhos/cm 85 85
Total Dissolved Solids, mg/l 62 62
Hardness, mg/l 45 45
Chlorides, mg/| 14 14
Sulphates, mg/l <1.0 <1.0
Phosphates, mg/| <0.01 <0.01
Nitrates, mg/l <0.01 <0.01
Sodium, mg/| 4.9 4.9
Potassium, mg/| 1.0 1.1
Calcium, mg/l 12.9 13.0
Magnesium, mg/| 3.0 3.1
Iron, mg/| <0.1 <0.1
Alkalinity, mg/| 57 58
Copper, mg/l <0.1 <0.1
Lead, mg/l <0.1 <0.1
Zinc, mg/l <0.1 <0.1
Chromium, mg/| <0.05 <0.05
Mercury, mg/| <0.001 <0.001
Cadmium, mg/l <0.01 <0.01
BOD, mg/l 1.6 1.6
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Parameter w7 w8
COD, mg/l 3.1 3.1
DO, mg/l 9.2 9.2
Phenolic compounds, mg/l BDL BDL
QOil & Grease, mg/l BDL BDL
Total Coliform MPN/100 ml| Nil Nil
TABLE-5.24

Results of water quality monitoring for Dimijin hydroelectric project : September 2009
Parameter w7 w8
pH 7.0 7.0
Electrical Conductivity, micromhos/cm 82 84
Total Dissolved Solids, mg/l 60 61
Hardness, mg/l 44 45
Chlorides, mg/l 12 11
Sulphates, mg/| <1.0 <1.0
Phosphates, mg/l <0.01 <0.01
Nitrates, mg/l <0.01 <0.01
Sodium, mg/| 4.9 5.1
Potassium, mg/| 1.0 1.0
Calcium, mg/I 12.5 12.9
Magnesium, mg/| 3.1 3.1
Iron, mg/| <0.1 <0.1
Alkalinity, mg/| 56 57
Copper, mg/l <0.1 <0.1
Lead, mg/l <0.1 <0.1
Zinc, mg/| <0.1 <0.1
Chromium, mg/I <0.05 <0.05
Mercury, mg/| <0.001 <0.001
Cadmium, mg/I <0.01 <0.01
BOD, mg/l 1.5 1.5
COD, mg/l 3.0 3.0
DO, mg/l 9.2 9.2
Phenolic compounds, mg/l BDL BDL
Oil & Grease, mg/l BDL BDL
Total Coliform MPN/100 ml Nil Nil

The pH level in the project area of Dimijin hydroelectric project ranged from 7.0 to 7.1 at
various samples covered as a part of the study indicating neutral nature of the water.

The TDS level ranged from 60 to 69 mg/l which is well below the permissible limit of 500
mg/l specified for drinking water. The TDS level was found to be lower at all the stations in
monsoon months as compared to summer months. This trend was observed for various
cations and anions monitored as a part of the study. This could be attributed to higher
discharge in monsoon months.
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The hardness level ranged from 44 to 49 mg/l indicating soft nature. The hardness level was
well below the permissible limit of 200 mg/l specified for drinking water. The alkalinity was
found to be higher than the total hardness in all the water sampling stations monitored as a
part of the study, which indicates that entire hardness in the water is on account of
carbonate hardness and there is no bicarbonate hardness in the water.
The chlorides level ranged from 11 to 15 mg/l, which is well below the permissible limit
specified for drinking water (200 mg/l). The sulphates level at various sampling stations was
<1.0 mg/l in various samples monitored for a period of six months as a part of the study. The
concentration of nitrates and phosphates at various sampling locations was observed to
below detectable limit of 0.01 mg/l.
The concentration of various cations, e.g. sodium, potassium, calcium and magnesium was
observed to be quite low which is also reflected by the low TDS level. Iron was found to be
well below the permissible limit of 1 mg/l specified for drinking water purposes.
The concentration of various heavy metals was found to be well below the permissible limits.
Concentration of phenolic compounds and oil & grease as expected in a hilly terrain with no
major sources of water pollution from domestic or industrial sources was observed to be
quite low.
The BOD, COD and Total Coliform values are well within the permissible limits, which
indicates the absence of organic pollution loading. This is mainly due to the low population
density and absence of industries in the area.
The DO level ranged from 9.1 to 9.2 mg/l at various sampling locations monitored on a
monthly basis for six months as a part of the study. The DO levels were close to saturation
limits in water, indicating the excellent quality of water in the study area.
5.3.5 Dikhri Hydroelectric project
As a part of the study, water quality was monitored at the following locations:

e Dam site (W9)

e 3000 m downstream of dam site (W10)
The results of water quality survey conducted for six months for Dikhri hydroelectric project
are given in Tables-5.25 to 5.30.

TABLE-5.25
Results of water quality monitoring for Dikhri hydroelectric project : April 2009
Parameter w9 w10
pH 7.1 7.1
Electrical Conductivity, micromhos/cm 86 83
Total Dissolved Solids, mg/l 63 61
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Parameter w9 W10
Hardness, mg/| 44 44
Chlorides, mg/| 12 12
Sulphates, mg/l <1.0 <1.0
Phosphates, mg/l <0.01 <0.01
Nitrates, mg/I <0.01 <0.01
Sodium, mg/l 5.0 5.0
Potassium, mg/| 1.0 1.0
Calcium, mg/l 12.5 12.7
Magnesium, mg/l 3.1 3.0
Iron, mg/| <0.1 <0.1
Alkalinity, mg/l 56 56
Copper, mg/l <0.1 <0.1
Lead, mg/l <0.1 <0.1
Zinc, mg/| <0.1 <0.1
Chromium, mg/| <0.05 <0.05
Mercury, mg/| <0.001 <0.001
Cadmium, mg/| <0.01 <0.01
BOD, mg/l 1.8 1.9
COD, myg/l 3.5 3.8
DO, mg/l 9.2 9.1
Phenolic compounds, mg/l BDL BDL
Oil & Grease, mg/l BDL BDL
Total Coliform MPN/100 ml Nil Nil
TABLE-5.26

Results of water quality monitoring for Dikhri hydroelectric project : May 2009
Parameter w9 W10
pH 7.0 7.1
Electrical Conductivity, micromhos/cm 86 85
Total Dissolved Solids, mg/l 63 62
Hardness, mg/l 43 44
Chlorides, mg/l 11 12
Sulphates, mg/l <1.0 <1.0
Phosphates, mg/| <0.01 <0.01
Nitrates, mg/l <0.01 <0.01
Sodium, mg/| 5.0 5.0
Potassium, mg/I| 1.1 1.0
Calcium, mg/I 12.4 12.5
Magnesium, mg/| 3.0 3.1
Iron, mg/| <0.1 <0.1
Alkalinity, mg/| 55 56
Copper, mg/l <0.1 <0.1
Lead, mg/l <0.1 <0.1
Zinc, mg/| <0.1 <0.1
Chromium, mg/I <0.05 <0.05
Mercury, mg/| <0.001 <0.001
Cadmium, mg/I <0.01 <0.01
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Parameter w9 W10
BOD, mg/l 1.8 1.8
COD, myg/l 3.5 3.7
DO, mg/l 9.2 9.2
Phenolic compounds, mg/l BDL BDL
Oil & Grease, mg/| BDL BDL
Total Coliform MPN/100 ml| Nil Nil
TABLE-5.27

Results of water quality monitoring for Dikhri hydroelectric project : June 2009
Parameter w9 W10
pH 7.0 7.0
Electrical Conductivity, micromhos/cm 84 84
Total Dissolved Solids, mg/l 61 62
Hardness, mg/I 43 43
Chlorides, mg/l 10 12
Sulphates, mg/l <1.0 <1.0
Phosphates, mg/l <0.01 <0.01
Nitrates, mg/l <0.01 <0.01
Sodium, mg/l 4.9 5.0
Potassium, mg/I| 1.2 1.0
Calcium, mg/l 12.1 12.1
Magnesium, mg/| 3.0 3.0
Iron, mg/| <0.1 <0.1
Alkalinity, mg/l 54 54
Copper, mg/l <0.1 <0.1
Lead, mg/l <0.1 <0.1
Zinc, mg/| <0.1 <0.1
Chromium, mg/I <0.05 <0.05
Mercury, mg/| <0.001 <0.001
Cadmium, mg/I <0.01 <0.01
BOD, mg/l 1.8 1.7
COD, mg/l 3.5 3.4
DO, mg/l 9.2 9.2
Phenolic compounds, mg/l BDL BDL
Oil & Grease, mg/l BDL BDL
Total Coliform MPN/100 ml Nil Nil

TABLE-5.28

Results of water quality monitoring for Dikhri hydroelectric project : July 2009
Parameter wo W10
pH 7.0 7.0
Electrical Conductivity, micromhos/cm 80 81
Total Dissolved Solids, mg/l 58 59
Hardness, mg/l 41 42
Chlorides, mg/l 9 9
Sulphates, mg/l <1.0 <1.0
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Parameter w9 W10
Phosphates, mg/l <0.01 <0.01
Nitrates, mg/l <0.01 <0.01
Sodium, mg/| 4.8 4.8
Potassium, mg/I 1.0 1.0
Calcium, mg/I 11.9 12.0
Magnesium, mg/| 2.8 2.8
Iron, mg/| <0.1 <0.1
Alkalinity, mg/| 52 53
Copper, mg/I <0.1 <0.1
Lead, mg/I <0.1 <0.1
Zinc, mg/| <0.1 <0.1
Chromium, mg/| <0.05 <0.05
Mercury, mg/| <0.001 <0.001
Cadmium, mg/I <0.01 <0.01
BOD, mg/l 1.6 1.6
COD, mg/l 3.2 3.1
DO, mg/I 9.3 9.3
Phenolic compounds, mg/l BDL BDL
Oil & Grease, mg/l BDL BDL
Total Coliform MPN/100 ml Nil Nil
TABLE-5.29

Results of water quality monitoring for Dikhri hydroelectric project : August 2009
Parameter w9 W10
pH 7.0 7.0
Electrical Conductivity, micromhos/cm 78 80
Total Dissolved Solids, mg/l 57 58
Hardness, mg/l 39 40
Chlorides, mg/l 8.7 8.8
Sulphates, mg/| <1.0 <1.0
Phosphates, mg/| <0.01 <0.01
Nitrates, mg/| <0.01 <0.01
Sodium, mg/| 4.7 4.7
Potassium, mg/| 1.0 1.0
Calcium, mg/I 11.5 11.7
Magnesium, mg/I 2.7 2.7
Iron, mg/| <0.1 <0.1
Alkalinity, mg/| 50 51
Copper, mg/l <0.1 <0.1
Lead, mg/l <0.1 <0.1
Zinc, mg/| <0.1 <0.1
Chromium, mg/I <0.05 <0.05
Mercury, mg/l <0.001 <0.001
Cadmium, mg/I <0.01 <0.01
BOD, mg/l 1.6 1.6
COD, myg/l 3.2 3.1
DO, mg/l 9.2 9.3
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Parameter w9 w10
Phenolic compounds, mg/l BDL BDL
Oil & Grease, mg/l BDL BDL
Total Coliform MPN/100 ml Nil Nil

TABLE-5.30

Results of water quality monitoring for Dikhri h

droelectric project : September 2009

Parameter w9 W10
pH 7.0 7.0
Electrical Conductivity, micromhos/cm 78 80
Total Dissolved Solids, mg/l 57 58
Hardness, mg/I 39 40
Chlorides, mg/l 8.7 8.7
Sulphates, mg/l <1.0 <1.0
Phosphates, mg/l <0.01 <0.01
Nitrates, mg/| <0.01 <0.01
Sodium, mg/| 4.7 4.6
Potassium, mg/| 1.0 1.0
Calcium, mg/I 11.4 11.6
Magnesium, mg/l 2.6 2.7
Iron, mg/| <0.1 <0.1
Alkalinity, mg/| 50 51
Copper, mg/l <0.1 <0.1
Lead, mg/l <0.1 <0.1
Zinc, mg/| <0.1 <0.1
Chromium, mg/I <0.05 <0.05
Mercury, mg/| <0.001 <0.001
Cadmium, mg/I <0.01 <0.01
BOD, mg/l 1.6 1.6
COD, mg/l 3.1 3.1
DO, mg/l 9.2 9.2
Phenolic compounds, mg/l BDL BDL
Oil & Grease, mg/l BDL BDL
Total Coliform MPN/100 ml Nil Nil

The pH level in the project area of Dikhri hydroelectric project ranged from 7.0 to 7.1 at
various samples covered as a part of the study, which is well within the permissible limit

specified for drinking water.

The TDS level ranged from 57 to 63 mg/l which is well below the permissible limit of 500
mg/l specified for drinking water. The hardness level ranged from 39 to 44 mg/l indicating
soft nature. The hardness level was well below the permissible limit of 200 mg/l specified for
drinking water. The alkalinity was found to be higher than the total hardness in all the water
sampling stations monitored as a part of the study, which indicates that entire hardness in
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the water is on account of carbonate hardness and there is no bicarbonate hardness in the
water.

The chlorides level ranged from 8.7 to 12 mg/l, which is well below the permissible limit
specified for drinking water (200mg/l). The sulphates level at various sampling stations was
<1.0 mg/l in various samples monitored for a period of six months as a part of the study. The
concentration of nitrates and phosphates at various sampling locations was observed to
below detectable limit of 0.01 mg/l.

The concentration of various cations, e.g. sodium, potassium, calcium and magnesium was
observed to be quite low which is also reflected by the low TDS level. Iron was found to be
well below the permissible limit of 1 mg/l specified for drinking water purposes.

The concentration of various heavy metals was found to be well below the permissible limits.
Concentration of phenolic compounds and oil & grease as expected in a hilly terrain with no
major sources of water pollution from domestic or industrial sources was observed to be
quite low.

The low BOD, COD, Total coliform values alongwith high DO levels (9.1 to 9.3 mg/l) indicate
the absence of pollution loading. This is mainly due to the low population density and
absence of industries in the area.

5.3.6 Dinchang Hydroelectric project

As a part of the study, water quality was monitored at the following locations:

Dam site (W11)
e 3000 m downstream of dam site (W12)

The results of water quality survey conducted for six months for Dinchang hydroelectric
project are given in Tables-5.31 to 5.36.

TABLE-5.31
Results of water quality monitoring for Dinchang hydroelectric project : April 2009

Parameter W11 W12
pH 7.0 7.0
Electrical Conductivity, micromhos/cm 83 82
Total Dissolved Solids, mg/l 61 60
Hardness, mg/l 43 44
Chlorides, mg/l 11 12
Sulphates, mg/l <1.0 <1.0
Phosphates, mg/| <0.01 <0.01
Nitrates, mg/| <0.01 <0.01
Sodium, mg/| 4.5 4.7
Potassium, mg/| 1.0 1.0
Calcium, mg/I 12.2 12.3
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Parameter W11 W12
Magnesium, mg/| 3.0 3.1
Iron, mg/| <0.1 <0.1
Alkalinity, mg/I 54 55
Copper, mg/I <0.1 <0.1
Lead, mg/I <0.1 <0.1
Zinc, mg/| <0.1 <0.1
Chromium, mg/| <0.05 <0.05
Mercury, mg/| <0.001 <0.001
Cadmium, mg/I <0.01 <0.01
BOD, mg/l 1.8 1.8
COD, mg/l 3.5 3.4
DO, mg/I 9.1 9.1
Phenolic compounds, mg/l BDL BDL
Oil & Grease, mg/l BDL BDL
Total Coliform MPN/100 ml Nil Nil
TABLE-5.32

Results of water quality monitoring for Dinchang hydroelectric project : May 2009
Parameter W11 W12
pH 7.0 7.0
Electrical Conductivity, micromhos/cm 83 81
Total Dissolved Solids, mg/l 61 59
Hardness, mg/l 43 43
Chlorides, mg/Il 11 11
Sulphates, mg/| <1.0 <1.0
Phosphates, mg/| <0.01 <0.01
Nitrates, mg/l <0.01 <0.01
Sodium, mg/| 4.4 4.5
Potassium, mg/| 1.0 0.9
Calcium, mg/I 12.2 12.1
Magnesium, mg/| 3.0 3.0
Iron, mg/| <0.1 <0.1
Alkalinity, mg/| 54 54
Copper, mg/l <0.1 <0.1
Lead, mg/l <0.1 <0.1
Zinc, mg/| <0.1 <0.1
Chromium, mg/I <0.05 <0.05
Mercury, mg/l <0.001 <0.001
Cadmium, mg/I <0.01 <0.01
BOD, mg/l 1.8 1.7
COD, mg/l 3.5 3.3
DO, mg/l 9.1 9.1
Phenolic compounds, mg/l BDL BDL
Oil & Grease, mg/l BDL BDL
Total Coliform MPN/100 ml Nil Nil
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Results of water quality monitoring for Dinchang hydroelectric

TABLE-5.33

roject : June 2009

Parameter W11 W12
pH 7.0 7.0
Electrical Conductivity, micromhos/cm 81 80
Total Dissolved Solids, mg/l 59 58
Hardness, mg/l 43 42
Chlorides, mg/l 11 10
Sulphates, mg/| <1.0 <1.0
Phosphates, mg/| <0.01 <0.01
Nitrates, mg/l <0.01 <0.01
Sodium, mg/| 4.4 4.4
Potassium, mg/| 1.0 0.9
Calcium, mg/I 12.0 12.0
Magnesium, mg/| 3.0 2.9
Iron, mg/| <0.1 <0.1
Alkalinity, mg/| 54 53
Copper, mg/l <0.1 <0.1
Lead, mg/l <0.1 <0.1
Zinc, mg/| <0.1 <0.1
Chromium, mg/| <0.05 <0.05
Mercury, mg/l <0.001 <0.001
Cadmium, mg/l <0.01 <0.01
BOD, mg/l 1.6 1.6
COD, myg/l 3.1 3.1
DO, mg/l 9.2 9.2
Phenolic compounds, mg/l BDL BDL
Oil & Grease, mg/| BDL BDL
Total Coliform MPN/100 ml Nil Nil
TABLE-5.34

Results of water quality monitoring for Dinchang hydroelectric project : July 2009
Parameter W11 W12
pH 7.0 7.0
Electrical Conductivity, micromhos/cm 78 76
Total Dissolved Solids, mg/| 57 55
Hardness, mg/I 40 40
Chlorides, mg/I 10 9
Sulphates, mg/l <1.0 <1.0
Phosphates, mg/l <0.01 <0.01
Nitrates, mg/I <0.01 <0.01
Sodium, mg/l 4.2 4.2
Potassium, mg/| 0.9 0.9
Calcium, mg/l 11.4 11.5
Magnesium, mg/| 2.8 2.8
Iron, mg/| <0.1 <0.1
Alkalinity, mg/l 51 51
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Parameter W11 W12
Copper, mg/l <0.1 <0.1
Lead, mg/l <0.1 <0.1
Zinc, mg/| <0.1 <0.1
Chromium, mg/I <0.05 <0.05
Mercury, mg/I <0.001 <0.001
Cadmium, mg/l <0.01 <0.01
BOD, mg/l 1.5 1.6
COD, mg/l 3.0 3.1
DO, mg/l 9.2 9.2
Phenolic compounds, mg/l BDL BDL
Oil & Grease, mg/l BDL BDL
Total Coliform MPN/100 ml| Nil Nil
TABLE-5.35

Results of water quality monitoring for Dinchang hydroelectric project : August 2009
Parameter W11 W12
pH 7.0 7.1
Electrical Conductivity, micromhos/cm 76 76
Total Dissolved Solids, mg/l 55 55
Hardness, mg/l 40 40
Chlorides, mg/l 9 9
Sulphates, mg/l <1.0 <1.0
Phosphates, mg/| <0.01 <0.01
Nitrates, mg/| <0.01 <0.01
Sodium, mg/| 4.0 4.0
Potassium, mg/| 0.8 0.8
Calcium, mg/I 11.2 11.2
Magnesium, mg/| 2.8 2.8
Iron, mg/| <0.1 <0.1
Alkalinity, mg/| 50 50
Copper, mg/l <0.1 <0.1
Lead, mg/l <0.1 <0.1
Zinc, mg/| <0.1 <0.1
Chromium, mg/I <0.05 <0.05
Mercury, mg/l <0.001 <0.001
Cadmium, mg/I <0.01 <0.01
BOD, mg/l 1.5 1.5
COD, mg/l 2.9 3.0
DO, mg/l 9.2 9.2
Phenolic compounds, mg/l BDL BDL
Oil & Grease, mg/l BDL BDL
Total Coliform MPN/100 ml Nil Nil
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TABLE-5.36
Results of water quality monitoring for Dinchang hydroelectric project : September
2009
Parameter W11 W12
pH 7.0 7.0
Electrical Conductivity, micromhos/cm 76 75
Total Dissolved Solids, mg/l 55 55
Hardness, mg/l 40 39
Chlorides, mg/l 8 9
Sulphates, mg/l <1.0 <1.0
Phosphates, mg/l <0.01 <0.01
Nitrates, mg/l <0.01 <0.01
Sodium, mg/| 4.0 4.0
Potassium, mg/I 0.9 0.8
Calcium, mg/I 11.1 11.0
Magnesium, mg/l 2.8 2.7
Iron, mg/| <0.1 <0.1
Alkalinity, mg/| 50 49
Copper, mg/l <0.1 <0.1
Lead, mg/l <0.1 <0.1
Zinc, mg/| <0.1 <0.1
Chromium, mg/I <0.05 <0.05
Mercury, mg/I <0.001 <0.001
Cadmium, mg/l <0.01 <0.01
BOD, mg/l 1.5 1.5
COD, mg/l 2.9 3.0
DO, mg/l 9.2 9.2
Phenolic compounds, mg/l BDL BDL
Oil & Grease, mg/l BDL BDL
Total Coliform MPN/100 ml| Nil Nil

The pH level in the project area of Dinchang hydroelectric project ranged from 7.0 to 7.1 at
various samples covered as a part of the study. The pH level indicate neutral nature of the
water and is well within the permissible limit specified for drinking water requirements.

The TDS level ranged from 55 to 61 mg/l which is well below the permissible limit of 500
mg/l specified for drinking water. The TDS level was found to be lower at all the stations in
the monsoon months as compared to summer months. This trend was observed for various
cations and anions monitored as a part of the study. This could be attributed to higher
discharges in monsoon months.

The hardness level ranged from 39 to 44 mg/l indicating soft nature of water. The hardness
level was well below the permissible limit of 200 mg/l specified for drinking water. The

alkalinity was found to be higher than the total hardness in all the water sampling stations
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monitored as a part of the study, which indicates that entire hardness in the water is on
account of carbonate hardness and there is no bicarbonate hardness in the water.

The chlorides level ranged from 8 to 12 mg/l, which is well below the permissible limit
specified for drinking water (200 mg/l). The sulphates level at various sampling stations was
<1.0 mg/l in various samples monitored for a period of six months as a part of the study.
The concentration of nitrates and phosphates at various sampling locations was observed to
below detectable limit of 0.01 mg/l.

The concentration of various cations, e.g. sodium, potassium, calcium and magnesium was
observed to be quite low which is also reflected by the low TDS level. Iron was found to be
well below the permissible limit of 1 mg/l specified for drinking water purposes.

The concentration of various heavy metals was found to be well below the permissible limits.
Concentration of phenolic compounds and oil & grease as expected in a hilly terrain with no
major sources of water pollution from domestic or industrial sources was observed to be
quite low.

The low BOD, COD and Total coliform values and near saturation level values of DO
indicate the absence of pollution loading in the area. This is mainly due to the low population
density and absence of industries in the area. The low COD values also indicate the
absence of chemical pollution loading in the area. The marginal quantity of pollution load
which enters river Bichom, gets diluted, and as a result, various parameters are well within
the permissible limits.

5.3.7 Jameri Hydroelectric project

As a part of the study, water quality was monitored at the following locations:

e Dam site (W13)
e 3000 m downstream of dam site (W14)

The results of water quality survey conducted for six months for Jameri hydroelectric project
are given in Tables-5.37 to 5.42.

TABLE-5.37
Results of water quality monitoring for Jameri hydroelectric project : April 2009

Parameter w13 w14

pH 7.1 7.2

Electrical Conductivity, micromhos/cm 88 90

Total Dissolved Solids, mg/l 60 64

Hardness, mg/I 45 46

Chlorides, mg/l 14 14

Sulphates, mg/l <1.0 <1.0

Phosphates, mg/| <0.01 <0.01
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Parameter w13 w14
Nitrates, mg/| <0.01 <0.01
Sodium, mg/| 5.4 5.7
Potassium, mg/| 1.1 1.6
Calcium, mg/l 12.4 12.8
Magnesium, mg/| 3.2 3.4
Iron, mg/| <0.1 <0.1
Alkalinity, mg/| 55 57
Copper, mg/l <0.1 <0.1
Lead, mg/l <0.1 <0.1
Zinc, mg/| <0.1 <0.1
Chromium, mg/| <0.05 <0.05
Mercury, mg/I <0.001 <0.001
Cadmium, mg/l <0.01 <0.01
BOD, mg/l 1.9 1.8
COD, mg/l 3.7 3.4
DO, mg/l 9.0 9.0
Phenolic compounds, mg/l BDL BDL
Oil & Grease, mg/l BDL BDL
Total Coliform MPN/100 ml Nil Nil
TABLE-5.38

Results of water quality monitoring for Jameri hydroelectric project : May 2009
Parameter W13 w14
pH 7.1 7.1
Electrical Conductivity, micromhos/cm 87 88
Total Dissolved Solids, mg/| 59 60
Hardness, mg/l 44 46
Chlorides, mg/l 13 14
Sulphates, mg/| <1.0 <1.0
Phosphates, mg/| <0.01 <0.01
Nitrates, mg/| <0.01 <0.01
Sodium, mg/| 4.9 5.0
Potassium, mg/| 1.2 1.1
Calcium, mg/I 12.4 12.2
Magnesium, mg/| 3.2 3.4
Iron, mg/| <0.1 <0.1
Alkalinity, mg/| 55 57
Copper, mg/l <0.1 <0.1
Lead, mg/l <0.1 <0.1
Zinc, mg/| <0.1 <0.1
Chromium, mg/| <0.05 <0.05
Mercury, mg/l <0.001 <0.001
Cadmium, mg/l <0.01 <0.01
BOD, mg/l 1.8 1.8
COD, mg/l 3.5 3.5
DO, myg/l 9.0 9.0
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Parameter w13 w14
Phenolic compounds, mg/l BDL BDL
Oil & Grease, mg/l BDL BDL
Total Coliform MPN/100 ml Nil Nil
TABLE-5.39

Results of water quality monitoring for Jameri hydroelectric project : June 2009
Parameter w13 w14
pH 7.2 7.1
Electrical Conductivity, micromhos/cm 85 84
Total Dissolved Solids, mg/l 62 61
Hardness, mg/I 42 43
Chlorides, mg/l 9 9
Sulphates, mg/l <1.0 <1.0
Phosphates, mg/l <0.01 <0.01
Nitrates, mg/| <0.01 <0.01
Sodium, mg/| 5.0 4.8
Potassium, mg/| 1.2 1.1
Calcium, mg/I 11.8 12.0
Magnesium, mg/| 3.0 3.0
Iron, mg/| <0.1 <0.1
Alkalinity, mg/| 53 54
Copper, mg/l <0.1 <0.1
Lead, mg/l <0.1 <0.1
Zinc, mg/| <0.1 <0.1
Chromium, mg/I <0.05 <0.05
Mercury, mg/l <0.001 <0.001
Cadmium, mg/I <0.01 <0.01
BOD, mg/l 1.5 1.6
COD, mg/l 3.0 3.1
DO, mg/l 9.0 9.0
Phenolic compounds, mg/l BDL BDL
Oil & Grease, mg/l BDL BDL
Total Coliform MPN/100 ml Nil Nil

TABLE-5.40

Results of water quality monitoring for Jameri hydroelectric project : July 2009
Parameter w13 w14
pH 7.0 7.0
Electrical Conductivity, micromhos/cm 80 80
Total Dissolved Solids, mg/l 57 56
Hardness, mg/l 40 40
Chlorides, mg/l 9 8
Sulphates, mg/| <1.0 <1.0
Phosphates, mg/| <0.01 <0.01
Nitrates, mg/| <0.01 <0.01
Sodium, mg/| 4.5 4.5
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Parameter w13 w14
Potassium, mg/| 0.9 0.9
Calcium, mg/I 11.5 11.5
Magnesium, mg/l 2.8 2.8
Iron, mg/| <0.1 <0.1
Alkalinity, mg/| 50 51
Copper, mg/l <0.1 <0.1
Lead, mg/I <0.1 <0.1
Zinc, mg/| <0.1 <0.1
Chromium, mg/I <0.05 <0.05
Mercury, mg/I <0.001 <0.001
Cadmium, mg/l <0.01 <0.01
BOD, mg/l 1.5 1.5
COD, mg/l 2.9 2.9
DO, mg/l 9.1 9.1
Phenolic compounds, mg/l BDL BDL
Oil & Grease, mg/l BDL BDL
Total Coliform MPN/100 ml| Nil Nil
TABLE-5.41

Results of water quality monitoring for Jameri hydroelectric project : August 2009
Parameter W13 w14
pH 7.2 7.2
Electrical Conductivity, micromhos/cm 78 77
Total Dissolved Solids, mg/| 57 56
Hardness, mg/l 40 39
Chlorides, mg/l 8 8
Sulphates, mg/| <1.0 <1.0
Phosphates, mg/l <0.01 <0.01
Nitrates, mg/| <0.01 <0.01
Sodium, mg/| 41 4.4
Potassium, mg/| 0.8 0.8
Calcium, mg/I 11.2 11.2
Magnesium, mg/I 2.8 2.7
Iron, mg/| <0.1 <0.1
Alkalinity, mg/| 50 48
Copper, mg/l <0.1 <0.1
Lead, mg/l <0.1 <0.1
Zinc, mg/| <0.1 <0.1
Chromium, mg/I <0.05 <0.05
Mercury, mg/l <0.001 <0.001
Cadmium, mg/l <0.01 <0.01
BOD, mg/l 1.6 1.5
COD, mg/l 3.0 3.0
DO, mg/l 9.1 9.0
Phenolic compounds, mg/l BDL BDL
Oil & Grease, mg/l BDL BDL
Total Coliform MPN/100 ml Nil Nil
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TABLE-5.42

Results of water quality monitoring for Jameri hydroelectric project : September 2009
Parameter w13 w14
pH 7.1 7.0
Electrical Conductivity, micromhos/cm 75 75
Total Dissolved Solids, mg/l 54 55
Hardness, mg/l 40 39
Chlorides, mg/l 8 8
Sulphates, mg/l <1.0 <1.0
Phosphates, mg/l <0.01 <0.01
Nitrates, mg/l <0.01 <0.01
Sodium, mg/| 4.1 4.1
Potassium, mg/I 0.8 0.8
Calcium, mg/I 11.0 11.0
Magnesium, mg/| 2.8 2.8
Iron, mg/| <0.1 <0.1
Alkalinity, mg/| 49 49
Copper, mg/l <0.1 <0.1
Lead, mg/l <0.1 <0.1
Zinc, mg/| <0.1 <0.1
Chromium, mg/I <0.05 <0.05
Mercury, mg/I <0.001 <0.001
Cadmium, mg/l <0.01 <0.01
BOD, mg/l 1.6 1.6
COD, mg/l 3.0 3.1
DO, mg/l 9.0 9.0
Phenolic compounds, mg/l BDL BDL
Oil & Grease, mg/l BDL BDL
Total Coliform MPN/100 ml| Nil Nil

The pH level in the project area of Jameri hydroelectric project ranged from 7.0 to 7.2 at
various samples covered as a part of the study. The pH level indicate neutral nature of the
water and is well within the permissible limit specified for drinking water requirements.

The TDS level ranged from 54 to 64 mg/l which is well below the permissible limit of 500
mg/l specified for drinking water. The TDS level was found to be lower at all the stations in
the monsoon months as compared to summer months. This trend was observed for various
cations and anions monitored as a part of the study. This could be attributed to higher
discharges in monsoon months.

The hardness level ranged from 39 to 46 mg/l indicating soft nature of water. The hardness
level was well below the permissible limit of 200 mg/l specified for drinking water. The
alkalinity was found to be higher than the total hardness in all the water sampling stations
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monitored as a part of the study, which indicates that entire hardness in the water is on
account of carbonate hardness and there is no bicarbonate hardness in the water.

The chlorides level ranged from 8 to 14 mg/l, which is well below the permissible limit
specified for drinking water (200 mg/l). The sulphates level at various sampling stations was
<0.1 mg/l in various samples monitored for a period of six months as a part of the study. The
concentration of nitrates and phosphates at various sampling locations was observed to
below detectable limit of 0.01 mg/l.

The concentration of various cations, e.g. sodium, potassium, calcium and magnesium was
observed to be quite low which is also reflected by the low TDS level. Iron was found to be
well below the permissible limit of 1 mg/l specified for drinking water purposes.

The concentration of various heavy metals was found to be well below the permissible limits.
Concentration of phenolic compounds and oil & grease as expected in a hilly terrain with no
major sources of water pollution from domestic or industrial sources was observed to be
quite low.

The low BOD, COD and Total coliform values and near saturation level values of DO
indicate the absence of pollution loading in the area. This is mainly due to the low population
density and absence of industries in the area. The low COD values also indicate the
absence of chemical pollution loading in the area. The marginal quantity of pollution load
which enters river Bichom, gets diluted.

5.3.8 Dinan Hydroelectric project

As a part of the study, water quality was monitored at the following locations:

e Dam site (W15)
e 3000 m downstream of dam site (W16)

The results of water quality survey conducted for six months for Dinan hydroelectric project
are given in Tables-5.43 to 5.48.

TABLE-5.43

Results of water quality monitoring for Dinan hydroelectric project : April 2009
Parameter W15 W16
pH 7.2 7.2
Electrical Conductivity, micromhos/cm 86 84
Total Dissolved Solids, mg/l 63 61
Hardness, mg/I 43 45
Chlorides, mg/l 9 9
Sulphates, mg/| <1.0 <1.0
Phosphates, mg/| <0.01 <0.01
Nitrates, mg/l <0.01 <0.01
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Parameter W15 W16
Sodium, mg/l 4.6 4.8
Potassium, mg/| 1.0 1.0
Calcium, mg/l 12.5 12.6
Magnesium, mg/l 3.2 3.2
Iron, mg/| <0.1 <0.1
Alkalinity, mg/l 54 56
Copper, mg/l <0.1 <0.1
Lead, mg/l <0.1 <0.1
Zinc, mg/| <0.1 <0.1
Chromium, mg/| <0.05 <0.05
Mercury, mg/| <0.001 <0.001
Cadmium, mg/| <0.01 <0.01
BOD, mg/l 1.9 1.9
COD, myg/l 3.6 3.7
DO, mg/l 9.0 9.0
Phenolic compounds, mg/l BDL BDL
Oil & Grease, mg/| BDL BDL
Total Coliform MPN/100 ml Nil Nil

TABLE-5.44

Results of water quality monitoring for Dinan hydroelectric project : May 2009
Parameter W15 W16
pH 7.2 7.1
Electrical Conductivity, micromhos/cm 85 85
Total Dissolved Solids, mg/l 62 61
Hardness, mg/l 44 45
Chlorides, mg/l 9 9
Sulphates, mg/l <1.0 <1.0
Phosphates, mg/| <0.01 <0.01
Nitrates, mg/| <0.01 <0.01
Sodium, mg/| 4.5 4.7
Potassium, mg/| 1.1 1.0
Calcium, mg/I 12.5 12.5
Magnesium, mg/| 3.1 3.2
Iron, mg/| <0.1 <0.1
Alkalinity, mg/| 55 57
Copper, mg/l <0.1 <0.1
Lead, mg/l <0.1 <0.1
Zinc, mg/| <0.1 <0.1
Chromium, mg/| <0.05 <0.05
Mercury, mg/l <0.001 <0.001
Cadmium, mg/| <0.01 <0.01
BOD, mg/l 1.8 1.8
COD, mg/l 3.5 3.4
DO, mg/l 9.0 9.1
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Parameter W15 W16
Phenolic compounds, mg/l BDL BDL
Oil & Grease, mg/l BDL BDL
Total Coliform MPN/100 ml Nil Nil
TABLE-5.45

Results of water quality monitoring for Dinan hydroelectric project : June 2009
Parameter W15 W16
pH 7.1 7.1
Electrical Conductivity, micromhos/cm 82 80
Total Dissolved Solids, mg/l 60 58
Hardness, mg/| 41 42
Chlorides, mg/l 9 8
Sulphates, mg/l <1.0 <1.0
Phosphates, mg/l <0.01 <0.01
Nitrates, mg/| <0.01 <0.01
Sodium, mg/| 4.5 4.4
Potassium, mg/| 0.9 0.9
Calcium, mg/I 11.9 12.0
Magnesium, mg/| 2.8 2.8
Iron, mg/| <0.1 <0.1
Alkalinity, mg/l 51 52
Copper, mg/l <0.1 <0.1
Lead, mg/l <0.1 <0.1
Zinc, mg/| <0.1 <0.1
Chromium, mg/I <0.05 <0.05
Mercury, mg/l <0.001 <0.001
Cadmium, mg/I <0.01 <0.01
BOD, mg/l 1.7 1.6
COD, mg/l 3.2 3.1
DO, mg/l 9.1 9.1
Phenolic compounds, mg/l BDL BDL
Oil & Grease, mg/l BDL BDL
Total Coliform MPN/100 ml Nil Nil

TABLE-5.46

Results of water quality monitoring for Dinan hydroelectric project : July 2009
Parameter W15 W16
pH 7.0 7.0
Electrical Conductivity, micromhos/cm 80 79
Total Dissolved Solids, mg/l 58 58
Hardness, mg/l 39 38
Chlorides, mg/l 8 8
Sulphates, mg/| <1.0 <1.0
Phosphates, mg/| <0.01 <0.01
Nitrates, mg/| <0.01 <0.01
Sodium, mg/| 4.0 4.0
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Parameter W15 W16
Potassium, mg/| 0.8 0.8
Calcium, mg/I 11.2 11.3
Magnesium, mg/l 2.7 2.6
Iron, mg/| <0.1 <0.1
Alkalinity, mg/| 49 48
Copper, mg/l <0.1 <0.1
Lead, mg/I <0.1 <0.1
Zinc, mg/| <0.1 <0.1
Chromium, mg/I <0.05 <0.05
Mercury, mg/I <0.001 <0.001
Cadmium, mg/l <0.01 <0.01
BOD, mg/l 1.5 1.5
COD, mg/l 2.9 3.0
DO, mg/l 9.2 9.2
Phenolic compounds, mg/l BDL BDL
Oil & Grease, mg/l BDL BDL
Total Coliform MPN/100 ml| Nil Nil
TABLE-5.47

Results of water quality monitoring for Dinan hydroelectric project : August 2009
Parameter W15 W16
pH 7.0 7.0
Electrical Conductivity, micromhos/cm 78 77
Total Dissolved Solids, mg/| 57 56
Hardness, mg/I 38 38
Chlorides, mg/l 8 8
Sulphates, mg/| <1.0 <1.0
Phosphates, mg/l <0.01 <0.01
Nitrates, mg/| <0.01 <0.01
Sodium, mg/| 4.0 4.0
Potassium, mg/| 0.8 0.8
Calcium, mg/I 11.2 11.0
Magnesium, mg/I 2.6 2.7
Iron, mg/| <0.1 <0.1
Alkalinity, mg/| 47 48
Copper, mg/l <0.1 <0.1
Lead, mg/l <0.1 <0.1
Zinc, mg/| <0.1 <0.1
Chromium, mg/I <0.05 <0.05
Mercury, mg/l <0.001 <0.001
Cadmium, mg/l <0.01 <0.01
BOD, mg/l 1.5 1.5
COD, mg/l 2.9 2.9
DO, mg/l 9.2 9.2
Phenolic compounds, mg/l BDL BDL
Oil & Grease, mg/l BDL BDL
Total Coliform MPN/100 ml Nil Nil
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TABLE-5.48

Results of water quality monitoring for Dinan hydroelectric project : September 2009
Parameter W15 W16
pH 7.0 7.0
Electrical Conductivity, micromhos/cm 75 75
Total Dissolved Solids, mg/l 55 55
Hardness, mg/l 39 39
Chlorides, mg/l 8 8
Sulphates, mg/l <1.0 <1.0
Phosphates, mg/l <0.01 <0.01
Nitrates, mg/l <0.01 <0.01
Sodium, mg/| 4.1 4.0
Potassium, mg/I 0.8 0.8
Calcium, mg/I 11.0 11.0
Magnesium, mg/| 2.7 2.7
Iron, mg/| <0.1 <0.1
Alkalinity, mg/| 48 48
Copper, mg/l <0.1 <0.1
Lead, mg/l <0.1 <0.1
Zinc, mg/| <0.1 <0.1
Chromium, mg/I <0.05 <0.05
Mercury, mg/I <0.001 <0.001
Cadmium, mg/l <0.01 <0.01
BOD, mg/l 1.5 1.5
COD, mg/l 2.8 2.9
DO, mg/l 9.2 9.2
Phenolic compounds, mg/l BDL BDL
Oil & Grease, mg/l BDL BDL
Total Coliform MPN/100 ml| Nil Nil

The pH level in the project area of Dinan hydroelectric project ranged from 7.0 to 7.2 at
various samples covered as a part of the study. The pH level indicate neutral nature of the
water and is well within the permissible limit specified for drinking water requirements.

The TDS level ranged from 55 to 63 mg/l which is well below the permissible limit of 500
mg/l specified for drinking water. The TDS level was found to be lower at all the stations in
the monsoon months as compared to summer months. This trend was observed for various
cations and anions monitored as a part of the study. This could be attributed to higher
discharges in monsoon months.

The hardness level ranged from 38 to 47 mg/l indicating soft nature of water. The hardness
level was well below the permissible limit of 200 mg/l specified for drinking water. The

alkalinity was found to be higher than the total hardness in all the water sampling stations
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monitored as a part of the study, which indicates that entire hardness in the water is on
account of carbonate hardness and there is no bicarbonate hardness in the water.

The chlorides level ranged from 8 to 9 mg/l, which is well below the permissible limit
specified for drinking water (200 mg/l). The sulphates level at various sampling stations was
<0.1 mg/l in various samples monitored for a period of six months as a part of the study. The
concentration of nitrates and phosphates at various sampling locations was observed to
below detectable limit of 0.01 mg/l.

The concentration of various cations, e.g. sodium, potassium, calcium and magnesium was
observed to be quite low which is also reflected by the low TDS level. Iron was found to be
well below the permissible limit of 1 mg/l specified for drinking water purposes.

The concentration of various heavy metals was found to be well below the permissible limits.
Concentration of phenolic compounds and oil & grease as expected in a hilly terrain with no
major sources of water pollution from domestic or industrial sources was observed to be
quite low.

The low BOD, COD and Total coliform values and near saturation level values of DO
indicate the absence of pollution loading in the area. This is mainly due to the low population
density and absence of industries in the area. The low COD values also indicate the
absence of chemical pollution loading in the area. The marginal quantity of pollution load
which enters river Bichom is well within the carrying capacity, even for lean season
discharges.

5.3.9 Gongri Hydroelectric project

As a part of the study, water quality was monitored at the following locations:

e Dam site (W17)
e 3000 m downstream of dam site (W18)

The results of water quality survey conducted for six months for Gongri hydroelectric project
are
given in Tables-5.49 to 5.54.

TABLE-5.49
Results of water quality monitoring for Gongri hydroelectric project : April 2009
Parameter W17 W18
pH 7.0 7.0
Electrical Conductivity, micromhos/cm 81 80
Total Dissolved Solids, mg/l 59 58
Hardness, mg/I 42 43
Chlorides, mg/l 10 10
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Parameter w17 w18
Sulphates, mg/l <1.0 <1.0
Phosphates, mg/| <0.01 <0.01
Nitrates, mg/| <0.01 <0.01
Sodium, mg/| 4.4 4.5
Potassium, mg/| 1.0 1.0
Calcium, mg/l 12.0 12.0
Magnesium, mg/| 3.1 3.2
Iron, mg/| <0.1 <0.1
Alkalinity, mg/I 52 53
Copper, mg/l <0.1 <0.1
Lead, mg/l <0.1 <0.1
Zinc, mg/| <0.1 <0.1
Chromium, mg/| <0.05 <0.05
Mercury, mg/l <0.001 <0.001
Cadmium, mg/l <0.01 <0.01
BOD, mg/l 1.8 1.9
COD, mg/l 3.5 3.6
DO, mg/l 9.1 9.1
Phenolic compounds, mg/l BDL BDL
Oil & Grease, mg/l BDL BDL
Total Coliform MPN/100 ml Nil Nil

TABLE-5.50

Results of water quality monitoring for Gongri hydroelectric project : May 2009
Parameter w17 w18
pH 7.1 7.0
Electrical Conductivity, micromhos/cm 81 81
Total Dissolved Solids, mg/l 60 59
Hardness, mg/l 42 44
Chlorides, mg/l 9 10
Sulphates, mg/l <1.0 <1.0
Phosphates, mg/l <0.01 <0.01
Nitrates, mg/I <0.01 <0.01
Sodium, mg/| 4.4 4.4
Potassium, mg/| 0.9 0.9
Calcium, mg/I 11.9 12.1
Magnesium, mg/| 3.0 3.1
Iron, mg/| <0.1 <0.1
Alkalinity, mg/| 53 56
Copper, mg/l <0.1 <0.1
Lead, mg/l <0.1 <0.1
Zinc, mg/| <0.1 <0.1
Chromium, mg/I <0.05 <0.05
Mercury, mg/I <0.001 <0.001
Cadmium, mg/l <0.01 <0.01
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Parameter w17 w18
BOD, mg/l 1.8 1.8
COD, myg/l 3.5 3.5
DO, mg/l 9.1 9.1
Phenolic compounds, mg/l BDL BDL
Oil & Grease, mg/| BDL BDL
Total Coliform MPN/100 ml| Nil Nil

TABLE-5.51

Results of water quality monitoring for Gong

ri hydroelectric project : June 2009

Parameter w17 w18
pH 7.1 7.0
Electrical Conductivity, micromhos/cm 81 80
Total Dissolved Solids, mg/l 58 57
Hardness, mg/| 42 44
Chlorides, mg/l 9 9
Sulphates, mg/l <1.0 <1.0
Phosphates, mg/l <0.01 <0.01
Nitrates, mg/l <0.01 <0.01
Sodium, mg/l 4.3 4.2
Potassium, mg/I| 0.9 0.9
Calcium, mg/l 11.8 11.9
Magnesium, mg/| 2.8 2.9
Iron, mg/| <0.1 <0.1
Alkalinity, mg/| 52 55
Copper, mg/l <0.1 <0.1
Lead, mg/l <0.1 <0.1
Zinc, mg/| <0.1 <0.1
Chromium, mg/I <0.05 <0.05
Mercury, mg/| <0.001 <0.001
Cadmium, mg/I <0.01 <0.01
BOD, mg/l 1.7 1.7
COD, mg/l 3.2 3.3
DO, mg/l 9.1 9.1
Phenolic compounds, mg/l BDL BDL
Oil & Grease, mg/l BDL BDL
Total Coliform MPN/100 ml Nil Nil
TABLE-5.52

Results of water quality monitoring for Gongri hydroelectric project : July 2009
Parameter w17 w18
pH 7.0 7.0
Electrical Conductivity, micromhos/cm 76 75
Total Dissolved Solids, mg/l 54 53
Hardness, mg/I 39 40
Chlorides, mg/l 8 8
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Parameter w17 w18
Sulphates, mg/l <1.0 <1.0
Phosphates, mg/| <0.01 <0.01
Nitrates, mg/| <0.01 <0.01
Sodium, mg/| 4.0 4.0
Potassium, mg/| 0.8 0.8
Calcium, mg/l 11.1 11.3
Magnesium, mg/| 2.6 2.6
Iron, mg/| <0.1 <0.1
Alkalinity, mg/l 50 51
Copper, mg/l <0.1 <0.1
Lead, mg/l <0.1 <0.1
Zinc, mg/| <0.1 <0.1
Chromium, mg/| <0.05 <0.05
Mercury, mg/l <0.001 <0.001
Cadmium, mg/l <0.01 <0.01
BOD, mg/l 1.5 1.5
COD, mg/l 2.9 2.9
DO, mg/l 9.0 9.1
Phenolic compounds, mg/l BDL BDL
Oil & Grease, mg/l BDL BDL
Total Coliform MPN/100 ml Nil Nil
TABLE-5.53

Results of water quality monitoring for Gongri hydroelectric project : August 2009
Parameter w17 w18
pH 7.0 7.0
Electrical Conductivity, micromhos/cm 74 72
Total Dissolved Solids, mg/l 52 50
Hardness, mg/I 38 37
Chlorides, mg/l 8 8
Sulphates, mgl/l <1.0 <1.0
Phosphates, mg/| <0.01 <0.01
Nitrates, mg/l <0.01 <0.01
Sodium, mg/| 3.9 4.0
Potassium, mg/| 0.8 0.8
Calcium, mg/I 11.0 11.0
Magnesium, mg/| 2.6 2.6
Iron, mg/| <0.1 <0.1
Alkalinity, mg/| 47 46
Copper, mg/l <0.1 <0.1
Lead, mg/l <0.1 <0.1
Zinc, mg/| <0.1 <0.1
Chromium, mg/I <0.05 <0.05
Mercury, mg/l <0.001 <0.001
Cadmium, mg/I <0.01 <0.01
BOD, mg/l 1.5 1.5
COD, mg/l 2.8 2.8
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Parameter w17 w18
DO, mg/l 9.2 9.2
Phenolic compounds, mg/l BDL BDL
Oil & Grease, mg/l BDL BDL
Total Coliform MPN/100 ml Nil Nil
TABLE-5.54

Results of water quality monitoring for Gongri hydroelectric project : September 2009
Parameter w17 w18
pH 7.0 7.0
Electrical Conductivity, micromhos/cm 72 72
Total Dissolved Solids, mg/| 51 50
Hardness, mg/| 37 38
Chlorides, mg/I 8 8
Sulphates, mg/l <1.0 <1.0
Phosphates, mg/l <0.01 <0.01
Nitrates, mg/I <0.01 <0.01
Sodium, mg/l 3.8 4.0
Potassium, mg/| 0.8 0.8
Calcium, mg/l 10.8 11.0
Magnesium, mg/I 2.6 2.6
Iron, mg/| <0.1 <0.1
Alkalinity, mg/l 46 48
Copper, mg/l <0.1 <0.1
Lead, mg/l <0.1 <0.1
Zinc, mg/| <0.1 <0.1
Chromium, mg/I <0.05 <0.05
Mercury, mg/| <0.001 <0.001
Cadmium, mg/I <0.01 <0.01
BOD, mg/l 1.5 1.5
COD, mg/l 2.8 2.9
DO, mg/l 9.2 9.2
Phenolic compounds, mg/l BDL BDL
Oil & Grease, mg/l BDL BDL
Total Coliform MPN/100 ml Nil Nil

The pH level in the project area of Gongri hydroelectric project ranged from 7.0 to 7.1 at
various samples covered as a part of the study. The pH level indicate neutral nature of the
water and is well within the permissible limit specified for drinking water requirements.

The TDS level ranged from 50 to 60 mg/l which is well below the permissible limit of 500
mg/l specified for drinking water. The TDS level was found to be lower at all the stations in
the monsoon months as compared to summer months. This trend was observed for various
cations and anions monitored as a part of the study. This could be attributed to higher

discharges in monsoon months.
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The hardness level ranged from 37 to 43 mg/l indicating soft nature of water. The hardness
level was well below the permissible limit of 200 mg/l specified for drinking water. The
alkalinity was found to be higher than the total hardness in all the water sampling stations
monitored as a part of the study, which indicates that entire hardness in the water is on
account of carbonate hardness and there is no bicarbonate hardness in the water.

The chlorides level ranged from 8 to 10 mg/l, which is well below the permissible limit
specified for drinking water (200 mg/l). The sulphates level at various sampling stations was
<1.0 mg/l in various samples monitored for a period of six months as a part of the study. The
concentration of nitrates and phosphates at various sampling locations was observed to
below detectable limit of 0.01 mg/l.

The concentration of various cations, e.g. sodium, potassium, calcium and magnesium was
observed to be quite low which is also reflected by the low TDS level. Iron was found to be
well below the permissible limit of 1 mg/l specified for drinking water purposes.

The concentration of various heavy metals was found to be well below the permissible limits.
Concentration of phenolic compounds and oil & grease as expected in a hilly terrain with no
major sources of water pollution from domestic or industrial sources was observed to be
quite low.

The low BOD, COD and Total coliform values and near saturation level values of DO
indicate the absence of pollution loading in the area. This is mainly due to the low population
density and absence of industries in the area. The low COD values also indicate the
absence of chemical pollution loading in the area. The marginal quantity of pollution load
which enters river Bichom, gets diluted.

5.3.10 Nafra Hydroelectric project
As a part of the study, water quality was monitored at the following locations:

e Dam site (W19)
e 3000 m downstream of dam site (W20)

The results of water quality survey conducted for six months for Nafra hydroelectric project
are
given in Tables-5.55 to 5.60.

TABLE-5.55
Results of water quality monitoring for Nafra hydroelectric project : April 2009
Parameter w19 w20
pH 7.2 7.3

WAPCOS Limited 116



Bichom River Basin Study

Parameter W19 w20
Electrical Conductivity, micromhos/cm 83 75
Total Dissolved Solids, mg/l 60 62
Hardness, mg/I 45 46
Chlorides, mg/I 12 11
Sulphates, mg/l <1.0 <1.0
Phosphates, mg/l <0.01 <0.01
Nitrates, mg/I <0.01 <0.01
Sodium, mg/l 4.5 4.5
Potassium, mg/I 1.0 1.0
Calcium, mg/I 12.4 12.5
Magnesium, mg/| 3.5 3.3
Iron, mg/| <0.1 <0.1
Alkalinity, mg/l 57 57
Copper, mg/l <0.1 <0.1
Lead, mg/l <0.1 <0.1
Zinc, mg/| <0.1 <0.1
Chromium, mg/| <0.05 <0.05
Mercury, mg/| <0.001 <0.001
Cadmium, mg/I <0.01 <0.01
BOD, mg/l 1.8 1.8
COD, mg/l 3.6 3.6
DO, mg/l 9.1 9.1
Phenolic compounds, mg/l BDL BDL
Oil & Grease, mg/l BDL BDL
Total Coliform MPN/100 ml| Nil Nil
TABLE-5.56

Results of water quality monitoring for Nafra hydroelectric project : May 2009
Parameter W19 w20
pH 7.2 7.2
Electrical Conductivity, micromhos/cm 82 82
Total Dissolved Solids, mg/l 60 61
Hardness, mg/I 46 45
Chlorides, mg/| 12 13
Sulphates, mg/l <1.0 <1.0
Phosphates, mg/| <0.01 <0.01
Nitrates, mg/l <0.01 <0.01
Sodium, mg/l 4.6 4.6
Potassium, mg/| 1.1 1.1
Calcium, mg/l 12.5 12.5
Magnesium, mg/| 3.3 3.4
Iron, mg/| <0.1 <0.1
Alkalinity, mg/| 58 56
Copper, mg/l <0.1 <0.1
Lead, mg/l <0.1 <0.1
Zinc, mg/l <0.1 <0.1
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Parameter w19 w20
Chromium, mg/| <0.05 <0.05
Mercury, mg/l <0.001 <0.001
Cadmium, mg/l <0.01 <0.01
BOD, mg/l 1.8 1.7
COD, mg/l 3.5 3.4
DO, mg/l 9.1 9.2
Phenolic compounds, mg/l BDL BDL
Oil & Grease, mg/l BDL BDL
Total Coliform MPN/100 ml Nil Nil
TABLE-5.57

Results of water quality monitoring for Nafra hydroelectric project : June 2009
Parameter w19 w20
pH 7.1 7.2
Electrical Conductivity, micromhos/cm 82 82
Total Dissolved Solids, mg/| 59 59
Hardness, mg/| 44 43
Chlorides, mg/| 11 11
Sulphates, mg/l <1.0 <1.0
Phosphates, mg/| <0.01 <0.01
Nitrates, mg/| <0.01 <0.01
Sodium, mg/l 4.5 4.6
Potassium, mg/| 0.9 0.9
Calcium, mg/l 12.4 12.2
Magnesium, mg/I 3.2 3.2
Iron, mg/| <0.1 <0.1
Alkalinity, mg/| 56 55
Copper, mg/l <0.1 <0.1
Lead, mg/l <0.1 <0.1
Zinc, mg/| <0.1 <0.1
Chromium, mg/I <0.05 <0.05
Mercury, mg/l <0.001 <0.001
Cadmium, mg/I <0.01 <0.01
BOD, mg/l 1.7 1.7
COD, mg/l 3.4 3.3
DO, mg/l 9.0 9.0
Phenolic compounds, mg/l BDL BDL
Oil & Grease, mg/l BDL BDL
Total Coliform MPN/100 ml Nil Nil

TABLE-5.58

Results of water quality monitoring for Nafra hydroelectric project : July 2009
Parameter w19 w20
pH 7.0 7.0
Electrical Conductivity, micromhos/cm 77 75
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Parameter W19 W20
Total Dissolved Solids, mg/l 56 54
Hardness, mg/l 40 40
Chlorides, mg/l 8 8
Sulphates, mg/l <1.0 <1.0
Phosphates, mg/| <0.01 <0.01
Nitrates, mg/| <0.01 <0.01
Sodium, mg/| 4.0 4.0
Potassium, mg/| 42 41
Calcium, mg/I 11.9 11,7
Magnesium, mg/| 3.0 3.0
Iron, mg/| <0.1 <0.1
Alkalinity, mg/| 55 53
Copper, mg/l <0.1 <0.1
Lead, mg/l <0.1 <0.1
Zinc, mg/| <0.1 <0.1
Chromium, mg/| <0.05 <0.05
Mercury, mg/I <0.001 <