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Chapter 1: Introduction

11 Background

Central Water Commission (CWC), Government of India has undertaken the task of
conducting, “Cumulative Impact and Carrying Capacity Study of Subansiri basin including
Downstream Impact in Brahmaputra River Valley” with an objective to assess the
cumulative impacts of hydropower development in the basin. Expert Appraisal Committee
(EAC) for River Valley and Hydroelectric Projects of Ministry of Environment & Forest
(MoEF) Gol has provided the Terms of Reference (TOR) for this study. IRG Systems South
Asia Pvt. Ltd. has been awarded the study by CWC based on techno- commercial bidding.
The study initiated from December 2011 involved extensive field data collection in different
seasons to establish baseline status, data analysis and cumulative impact assessment,
followed by recommendations for long term sustainable hydropower development in the
basin.

As per Central Electricity Authority (CEA) estimates, the basin has 6092 MW hydropower
generation potential (60% load factor) with a probable installed capacity of 13767 MW. This
potential is planned to be harnessed by setting up about 19 hydropower projects spread
throughout the basin.

Such a large-scale development expected to take place over a period of next 10-15 years
in otherwise pristine area, can cause serious environmental impacts. EIA notification of
September 2006, issued under Environmental Protection Act, 1986, has the provision
of evaluating the impacts of individual projects of capacities 25 MW or more by SEAC/EAC
before issuing environment clearances. However, in a situation where several projects are
planned in cascade utilising the same natural resource; assessment of cumulative impacts
is essential to plan development in environmental friendly manner and to mitigate and
manage the impact comprehensively. Therefore, the current study of Subansiri Basin has
been prepared with a view to provide optimum support for various natural processes and
allowing sustainable activities. The study covers the following:

Inventorisation and analysis of the existing resource base

Determination of regional ecological fragility / sensitivity

Review of hydropower development plans

Evaluation of cumulative impacts on various facets of environment due to
hydropower development

o Broad framework of environmental action plan to mitigate the adverse impacts on
environment, in the form of: Preculsion of an activity; Modification in the planned
activity and Implementation of set of measures for amelioration of adverse impacts.

The basin study is a step beyond the individual EIA of such projects as it incorporates an
integrated approach to assess the impacts due to various developmental projects.

1.2 Study Area
The study area being covered as a part of the Basin Study is entire Subansiri Basin. The
study area lies between latitude 27°N & 29° North and longitude 91°45" East & 94°45" East

and administratively falls in Upper Subansiri & Kurung Kumey district of Arunachal Pradesh.
Figure 1.1 describes the study area.
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Figure 1.1: Study Area
1.2.1 Hydro Electric Projects Envisaged in Subansiri Basin

11,096 MW hydropower potential in the basin has been planned to be harnessed by setting
up about 19 hydropower projects spread throughout the basin. Out of nineteen planned
hydropower projects, fourteen projects have been allotted while five projects namely Mili,
Sape, Tamen, Tago — | and Tammu HEPs are CEA identified projects and have not been
allotted to any agency (as on 12/06/2014). Only one Environmental Clearance to a project
(Lower Subansiri HEP) has been awarded in the basin.

1.3  Scope of Work (SoW)

The Terms of Reference (TOR) of this study was earlier approved by EAC, MoEF and
the SOW and approach and methodology of this study has been formulated by CWC
in line with this TOR. The SoW of the current study is as per item A (1 to 6) and item B of
the MoU is given in Annexure — 1.1.

1.4 Outcome of the Study
The key outcomes of the study are:

o Provide sustainable and optimal ways of hydropower development of Subansiri
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 levels.

o Downstream impacts on Assam due to hydropower development in Subansiri basin
in Arunachal Pradesh.
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1.5 Outline of the Report

The Final Report consists of 11 chapters as given below.

Chapter 1 describes Introduction and Background
Chapter 2 describes Basin Characteristics

Chapter 3 Hydropower Development in Subansiri Basin
Chapter 4 Hydrometeorology

Chapter 5 Methodology

Chapter 6 Terrestrial Ecology

Chapter 7 Aquatic Ecology

Chapter 8 Environmental Flows

Chapter 9 Downstream Impacts due to Hydropower Development

Chapter 10 Cumulative Impact Assessment

Chapter 11 Conclusions & Recommendations
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Chapter 2: Basin Characteristics

2.1 Introduction

Arunachal Pradesh is a thinly populated hilly state on the extreme northeast part of India. It is
situated between latitude 26°40'N and 29°25'N and longitude 91°35'E and 97°25'E. The state
shares international border with Bhutan in west, China in north and northeast and Myanmar in
east and interstate borders with Nagaland in southwest and Assam in south. It covers an area
of about 83,743 sq km extending along south slope of Eastern Himalaya and the western slope
of the Patkoi hills around the Brahmaputra Valley. The capital of the state is Itanagar, which
falls in Papum Pare district. The state is administratively divided into 17 districts viz. Tawang,
West Kameng, East Kameng, Papum Pare, Lower Subansiri, Kurung Kumey, Upper Subansiri,
West Siang, East Siang, Upper Siang, Lower Dibang Valley, Dibang Valley, Lohit, Anjaw,
Changlang, Tirap and newly created Longding district. The Subansiri basin falls in three districts
viz. Upper Subansiri, Lower Subansiri & Kurung Kumey.

Subansiri River originates in Tibet (see Figure 2.1) and is the major right bank tributary of
Brahmaputra traversing through Arunachal Pradesh. There are six major river basins in
Arunachal Pradesh viz. Kameng, Subansiri, Siang (Dihang), Dibang, Lohit and Tirap with large
number of their tributaries draining the waters of vast catchment area into the Brahmaputra (see
Figure 2.2). Subansiri River offers phenomenal hydropower potential due to topographical
conditions accompanied with rainfall in its catchment ensuring significant discharge in the
river throughout the year.

2.2 Physiography & Drainage Network of River Subansiri

River Subansiri rises from the Kangig glacier range in Tibet at an elevation of 7090 m (23260
ft) above mean sea level. Total length of the river in India is around 326 km. up to its
confluence with Brahmaputra. Major tributaries of the river are Laro, Nye, Yume, Tsari,
Kamla, Jiyadhol, Ranganadi and Dikrong. The Subansiri River meets Brahmaputra about 25
Km downstream of Jorhat.

In the upper reaches it is called Nye Chu, which receives its waters from the snow clad
peaks of Krakang, Shubuta, Baru and Mata. Near its source, several snow — fed mountain
torrents drain into Nye Chu on both its banks. From its origin, the river flows in south —
eastern direction and is joined by Laro Chu near Chayal. After its confluence with Laro Chu
the river is called Chayal Chu, which flows in the eastern direction.

Char Chu, rising from the snow clad peaks in the North and flowing in south — eastern
direction is joined by Yume Chu and the combined flows of the two streams join Chayal Chu
near Karutra, a few kilometers upstream of the International Boundary Line. Tsari Chu,
another tributary rising in the North meets Chayal Chu near Siyum and the combined water
of these streams flow as Subansiri for about 200 km from this point, finally out falling into
Kherkutia Suti, a spill channel of the Brahmaputra. In higher reaches, where Subansiri is
known as Tsari Chu, it is flowing in Easterly direction. The River cuts across the Central
Himalayan ridge, which has a series of high peaks of 5000 m and above. It follows a South —
Easterly course along the lesser Himalayan zone with an average height of about 3048 m
and takes the name Subansiri.

After crossing the International boundary, it approaches the Indian Territory in Arunachal
Pradesh; the river runs in an unexplored valley. In its early reaches, as the river gathers
more and more torrents in the Himalayas, it rushes through deep gorges far below the snow
capped mountain peaks. Initial course of Subansiri after entering in Arunachal Pradesh is
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little known as the valley is covered with dense vegetation and impenetrable forests.
Throughout its journey from the central Himalaya to the Arunachal foothills, the Subansiri
receives the discharges of numerous mountainous big and small streams. The number of its
tributaries is more in the Siwalik foothills than in other zones. The Subansiri debouches into
the plains of Assam near Dulangmukh. Before entering the plains, Subansiri cuts a steep
gorge through the Siwalik rocks of Arunachal Himalaya. The total length of the river in the
mountainous terrain is about 208 km. Within Indian Territory the foothills, the riverbed falls
from a height of 4206 m to 80 m near Dulangmukh. After flowing for about 70 km from the
hills, the river falls into the Kherkutia Suti and thereafter flowing for another 60 km it outfalls
into the River Brahmaputra.

The Subansiri basin can be divided into four parts viz.; A) Chinese / Tibetan high elevation
stretch till the international border; B) the stretch lying between the international boundary
and upper reaches of Arunachal Pradesh; C) the Arunachal Pradesh stretch upto the inter-
state boundary of Assam and Arunachal Pradesh and D) the plains of Assam. The first two
belong to the great Himalayan range, the third belonging to the Sub-Himalayas and the
fourth in the fertile plains of Assam.

The percentage contribution of Subansiri River as observed at Chouldhowa Ghat with
respect to the discharges observed at Pandu near Guwahati from 1956 onwards is of the
order of 10.3%. The catchment area of the Subansiri basin partly lies in the Himalayan
ranges of Arunachal Pradesh including Tibet and partly in the Himalayan foothills of Assam.
The total catchment area up to the confluence with the Brahmaputra is about 37,000 sq. km.
out of which 14,000 sq. km. is in Tibet (40%) and the rest (60%) lies in India (21,800 sqg. km.
in Arunachal Pradesh and 1,200 sq. km. in Assam). The topography of the Basin is mostly
mountainous terrain, where the Hill Ranges vary approximately from 1000 to 4600 metres
above sea level. A greater part of it falls within the higher mountain zone consisting of peaks
and valleys. The limit of perpetual snow line in the North Eastern part of Himalayas varies
widely depending upon various local factors. The present snow line varies in altitude from
about 4267 m in the eastern part to 5182 m in the western Himalayas. About 4000 sq. km. of
drainage area of Subansiri falls in the perpetual snow. In the upper reaches, the river and its
tributaries are fed by snow melt and in the lower reaches by rainwater. The permanent snow
line for Subansiri basin has been adopted at EL 4500 m (See Figure 2.4). The catchment
area in Tibet and Arunachal Pradesh is highly mountainous and is covered with very thick
and dense forest. The catchment is of crescent shape with its concavity on the western side.

The Subansiri flows through the Districts of upper and lower Subansiri leaving the Lower

Subansiri District at Dulangmukh Circle, it ultimately joins the Brahmaputra in the plains of
Assam.

21



9 ‘3?‘0”E 91"4\'5’0"E 92’({0" E 92°Il5’0"E 92"3:3'0"E 92’4]5'0"E QG“C:'O"E 93°115'0"E 93’3?’0"E 93°4I5'0"E 94’%‘0" E 94°1I5'0"E 94’31[3'0"E 94“4?‘0"E 95‘01‘0"E

28°45'0"N—

28°30'0"N =

B8°"15'0"N=

28°0'0"N—

27°45'0"N—

27°30'0"N—

L7°15'0"N—

27°0'0"N=

26°45'0"N—

‘I I Basin Boundary

India-China
Border

Legend

River

pemm== [ndia China Border

Elevation (m)

[ ] 1-1370

] 1,370-2,500
[ ] 2500-3500
[ |3500-4,500

[ 1 4500-7,002 e Clometers
Source: IRGSSA (SRTM/DEM) 0 15 30 60

-28°45'0"N

~28°30'0"N

~28°15'0"N

—28°0'0"N

[~27°45'0"N

-27°30'0"N

F27°15'0"N

=27°0'0"N

[~26°45'0"N

LI | ) 1 I 1 1 1 I I | 1 I I
91°300"E  91°45'0°E 92°0'0"E 92°15'0"E  92°30'0"E = 92°45'0"E 93°0'0°E 93"150"E  93°300°E  93°45'0"E 94°0'0'E 94*150"E  94°300"E  94°450°E

Figure 2.1: Drainage Map of Subansiri River from its Origin in Tibet up to confluence with Brahmaputra
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The Main River

Figure 2.1 indicates that the principal stream is known as Nye Chu which travels a distance of
about 170 km. towards East and receives an important right bank tributary Laro Chu. The
combined flow then travels further 208 km. eastwards where it receives another left bank
tributary Yume Chu. Before the confluence point with Yume Chu the river is known as Chayal
Chu. The Chayal Chu near Karutra crosses the international boundary and is known as
Subansiri. A small left bank tributary known as Sang Chu joins the River Subansiri 23 km.
eastward of the confluence point of Chayal Chu with Yume Chu. The river then flows eastward
up to a distance of 38 km. where it meets with an important left bank tributary Tsari Chu. From
this point, the river travels a distance of about 27 km. up to the boundary of hill catchment near
Gerukamukh. Here this river again receives left bank tributaries like, Sichi River, Siyu River and
Sigen River at a distance of 27 km., 93 km. and 111 km. respectively from the confluence point
of Tsari Chu. Right bank tributaries like Singen, Kamala and Sipu River joins the River Subansiri
at a distance 71.5 km., 101 km. and 129 km. from the aforesaid confluence point.

The main course of the Subansiri after entering the Miri hills in Arunachal Pradesh runs between
the Dafla and Abor hills. Even in this reach, it is covered with dense vegetation and
impenetrable forest.

After Gerukamukh, the river enters in the plains of Assam and receives important right bank
tributaries like Boginadi. A few left bank tributaries like, Dirpai, New Chauldhowa, Old
Chauldhowa meets the River Subansiri just after Gerukamukh. In the broad and flat valley, the
river flows in slow and sinuous curves. In spate during monsoon, it is a swirling mass of brown
water heavily charged with silt. But in winter it flows smoothly with surface of luminous green.
The drainage map of the river in Arunachal Pradesh is given in Figure 2.3.

Tributaries of Subansiri River

The river system of Subansiri consists of 17 numbers of main sub-tributaries out of these 8
(eight) numbers are left bank tributaries and 9 (Nine) numbers are right bank tributaries. An
overview of the major tributaries of Subansiri River is given in Table 2.1, with description given
below.

Kamla River

Kamala is an important hilly Sub-Tributary of Subansiri. It rises as three main channels from
glaciers in the southern great Himalayas and joins the Subansiri on the right bank, at a distance
of about 148 km. from the point of confluence of the Yume Chu and Tsari Chu. The river runs
along for another 30 km. through steep gorge to emerge from the hills through a short canyon to
the Subansiri River. The entire course of the Kamala is confined to narrow gorge. The river
drains in Central Arunachal Pradesh. The Kamla River flows in a general direction towards
North-West to South East and joins the Subansiri River near Rachrath.

Phura River and Panya River in the left bank and Kurung River, Rein River & Persen River on
the right bank of Kamla River and other numerous sub-tributaries of these rivers flow into the
Kamla River. Kamla River & Kurung River confluence is near Rai and Boa. The entire
catchment of this river bears thick forests. Niktak, Par, Hachi, Onga and Gocham are some
villages along this river.
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Figure 2.3: Drainage Map of River Subansiri
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Kurung River

Streams originating from glaciers in the Southern Himalayas merge to Kurung River upstream of
Mili. It flows in South East direction in Kurung Kumey district & takes a left turn in Lower
Subansiri district to merge with Kamla River.

Panyu River and Page River on the right bank of Kurung River and other numerous sub-
tributaries of these river flows into the Kurung River. Kamla River & Kurung River confluence is
near Rai and Boa. The entire catchment of this river bears dense forests. Amongst the
settlements that have come up along the Kurung River are Dui Yambi, Takum, Palin and
Bindula.

Table 2.1: Drainage Profile of Subansiri River System

Confluence
L Catchment Right Bank/ | point with the . A .
Main Tributary Characteristics Left Bank Subansiri Major Streams joining the tributary
River
Kamla River The drainage network | Right Bank of | Near Rachrath | Left bank of Kamla River: Phopan N,

Kurung River

of this catchment is
represented by
combination of
rectangular & dendritic
pattern. The upper part
of the catchment is
covered with snow clad
mountains & glaciers,
barren & rocky waste
land. Most part of the
catchment is covered
with semi-dense mixed
subtropical, semi
evergreen forest.

The drainage network
of this catchment is
represented by a
combination

rectangular & dendritic
pattern. The upper part
of the catchment is
covered with snow clad
mountains & glaciers,
barren rocky, waste
land. Most part of the
catchment is covered
with semi-dense,
mixed subtropical &
semi evergreen forest.

Subansiri and | village
Left Bank of
Kurung River

Right Bank of | Near Rai and
Bao village

Kamla River

Lomi N, Tolo N, Loba N, Phusay N,
Suko N, Panyo N, Kaleng N, Patey N
Selu N Hagong N, Pai N, Nyhaya N,
Jongsai N, Palam Kro, Pal Suko, Pal
Lada, Kueni Kro, Puku Kro, Roh Kro,
Paja Kro, Pein Kro, Panya N and Pa
Kro.

Right bank of Kamla River: Folong
N, Hopar N, Kede N, Pado N, Palin N,
Tamin N, Hate N, Cherak N, Tiri N,
Cherak N, Hate N, Pale N, Pale N,
Poush Suko, Chemba Kro, Charli Kro,
Pim Kro, Podu Kro, Pal Kro, Pet Kro,
Pain Kro Pa N, Pal N, Simla Kro, Miji
Kro Pa N, Tektir N, Didi Kro, Kachi Kro,
Sidi Kro Gote Kro etc.

Left bank of Kurung River: Soro N,
Panga N, Wasalu N, Lalung N,
ShikaviN Wabhang N, Phayang N,
Phullk N, Muju N, Phurchi N, Pate N,
Pate N, Paya N, Pape N, Papha N,
Palbung N, Pateng N, Chlku N, Pyani
Sekho, Pabi Pabung, Sinni N Pate N,
Paring N, Panap N, Pabya Pabung and
Pal Suko.

Right bank of Kurung River: The
right bank tributaries are Wajai N,
Bhalu N, Phum N, Phimiri N, Kini N,
Kush N, Dokyo N, Pachu N, Gate
Pabung, Pai Pabung and on Panyu
River two tributaries are Phimiri N and
Kini N and some of the tributaries on
Page River are Pinchi N, Biyo N, Payu
N, Pani N, Yachi N, Sukya Pabong
Kiding Pabong Paji N, Yomiba N, Rake
N and Anna.
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For the convenience of the study and analysis of various physical and biological parameters and
their interpretation, entire Subansiri basin in India has been delineated into three sub — basins
comprised of major tributaries and covering varied domains as well as proposed hydroelectric
projects (Figure 2.4). The characteristics of each sub-basin have been listed in Table 2.2.

Table 2.2: Characteristics of Sub-basins of Subansiri River basin

S. No. RI\E)EI‘/ SUD Altitudinal Projects River/Stream
-basin Range (m)
Subansiri

1 Subansiri / Singit 120 - 1868 Oju-1 Subansiri
Oju-1I
Niare
Naba
Nalo
Dengser
Subansiri Upper

2 Siu 360 Tammu Siu

3 Subansiri 120 Subansiri Lower Subansiri

Kamla
Kamla Subansiri Middle (Kamala HEP) Kamla
4 131 Tamen

5 Kale 1024 Tago -I Kale
Kurung

6 |Kurung 660 - 1285 Kurang - 1&lI Kurung
Mili
Sape
Chomi
Chela

7 |Payam 1011 - 1274 Nyepin Payam
Hiya

2.3 Relief

The Subansiri catchment area has been divided into 12 elevation bands Figure 2.4. Each of the
intermediate elevation bands covers elevation range of 500 m. The southernmost part of the
basin adjoining the state of Assam near its confluence with Brahmaputra ranges from about
<500m to 1000m. This band is also prevalent in the lower Subansiri and its channels. More than
55% of the basin area lies in the 500 to 1500 m elevation band. Similarly area between 1500m
to 2500m also covers nearly 23% of total basin area.

24 Slope

More than 85% of the basin lies in three categories i.e. Extremely Steep, Very steep and Steep
slopes. The Extremely Steep slope category itself account for 52% of basin area. Gentle to
moderate slopes cover little more than 1% of the area and such areas are distributed in the
basin, particularly along the river and slopes along the stream banks. Strongly sloping areas
cover 1% of the basin area and are prevalent mostly alongside the rivers. The extremely sloping
category is characteristic of headwater regions of the Subansiri River Figure 2.5.

25 Geology

In Arunachal Pradesh, two young belts E - W Eastern Himalayas and N - S Indo - Myanmar
mobile belts exist, which meet almost at right angles to each other. The region has been divided
into four physiographic segments, with major tectonic features lineaments separating each
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segment as given below. The geological features and mineral Map of Arunachal Pradesh
including Subansiri basin are given in Figure 2.6.

Eastern Himalayan Mobile Belt rises abruptly from the Brahmaputra plain and merges with
Tibetan plateau in the north. This belt covers about 350 km of Eastern part of Himalayas, known
as the Arunachal Himalayas and extends from Eastern Nepal in the west to the West Siang
district of Arunachal Pradesh in the east, terminating against N — W trending para-
metamorphites and diorite - granodiorite complex of Mishmi block of Lohit district of Arunachal
Pradesh. The eastern mobile belt embodies a succession of northerly dipping thrust sheets
covering almost the whole of Arunachal Pradesh.

Deep erosion along these thrust contact brings about the four well known E — W trending
physiographic units of the eastern Himalayas namely Sub - Himalayas, Lesser Himalayas,
Higher Himalayas and Tethyan belt or Tibetan Himalayas. North of it lies zone of Indus -
Tsangpo suture. Upper part of Subansiri basin falls in this belt.

Mishmi Block lies adjacent to the Naga - Patkai ranges of Arakan — Youma Mountains to the
south along another tectonic plate - the Mishmi thrust. The Himalayas at the eastern end gets
terminated along the Tidding suture and meets another chain of mountains - the Mishmi hills,
which are the part of Mishmi block mobile belt. These mountain ranges, trending NW - SE are
said to be a continuation of the hill ranges of northern Myanmar (Burma), but are also
considered to be in continuation of the Ladakh ranges lying to the north of Indus - Tsangpo
suture.

These are made up of diorite - granodiorite complex with a frontal belt of high grade schists and
migmatites, and inner belt of low grade schist with crystalline limestone and serpentinite lenses.
The important tectonic activities in this block are Mishmi thrust, Tidding Suture, Lohit thrust and
Pochu fault.

Indo - Myanmar (Burmese Belt) Mobile Belt: The Patkoi - Naga - Manipur - Chil Hills - Arkan
Yoma region forms a westerly convex arcuate belt in the eastern part of the Arunachal Pradesh,
which is an eastern portion of the Indo - Myanmar (Burmese) mobile belt and is made up of
Paleogene - Neogene sediments.

Brahmaputra Plains: This is an ENE - WSW trending relatively narrow valley bounded by two
young mountain belts to the north and south east, Mishmi block to the north east and
Meghalaya plateau to the south. The valley is filled by thick alluvium with a few inselbergs of
basement rocks from Tezpur west wards. Almost flat lying tertiary shelf sediments overlie the
basement whose thickness increases from south to north towards Himalayas.

Geological features in the Subansiri Basin show marked variation ranging from Higher / Lesser
Himalayas, foothills and plains falling in Bomdila group, Miri Group, Gondwana Group and
Siwalik Group as well as Alluvium. This indicates that basin has different types of formation with
very significant slopes, ultimately terminating into plains at the confluence with Brahmaputra.

The geological features further indicate the tendency of river to bring down material, which
deposits as alluvium in the plain.

It can be inferred that though significant slopes in the basin offer good hydropower potential, it

also indicates the vulnerability of the catchment at the proposed sites, the degradation of which
if any in future can lead to soil erosion & siltation.
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Seismicity and Tectonics

The Subansiri basin falls under seismic Zone-V as per Seismic Zoning Map of the
country given in IS 1983 (part I): 2002. The seismic zoning map is enclosed as Figure
2.7 below. The important structural elements of the area are Tidding suture with
dismembered ultra - mafic suite which mark the boundary between low grade sediments
of Himalayan orogenic belt and moderately reworked metasedimentary belt and Mishmi
thrust. These thrust systems trend NW - SE in contrast to NE - SE trend of Naga fold
thrust belt. The historical record of important earthquake events in this region are during
1897 (Ms = 8.7) and 1950 (Mb =8.0, Ms = 8.6). Zone V seismicity in the Subansiri basin
warrants strong safety factor in any proposed project intervention.
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Figure 2.7: Seismic Zoning Map of India
2.6 Soils of Subansiri Basin
The study area of the Subansiri basin falls under Upper and Lower Subansiri districts
and Kurung east and west administratively. Physiographically, two district divisions are
described namely:

1.1 Greater Himalayas & Lesser Himalayas

.1 Summits and ridges
.2 Hill side slopes

—

1.
1.
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1.1.3 Narrow valleys with hillocks
1.1.4 Moderately steep hills with narrow valleys
1.1.5 Dissected low lands

1.2 Shiwaliks

1.2.1 Summits and ridges
1.2.2 Hill side slopes

1.2.3 Purwanchal

1.2.4 Low amplitudinal hills
1.2.5 High amplitudinal hills

Figure 2.8 presents the physiographic divisions of Arunachal Pradesh as knowledge of
these divisions help us to understand the soil environment.

Accordingly to National Bureau of Soil Survey and Land Use Planning (NBSS Publ. 55 —
Soil Series of India) for optimizing land use in Arunachal Pradesh, soil map with 22 soil
mapping units (SMU) covering the description on its major and its associated soil in
terms of physiography, drainage, textural family and surface textural group, degree of
soil erosion and stoniness and taxonomic classification at family and subgroup level as
per USDA Taxonomy have been presented below.

Figure 2.9 shows the distribution of SMU in the study area. A detailed soil mapping
legend is also given to understand the details about the problems / merits of each SMU
for optimizing production. Broadly, the soil map Legend is presented in two headings
namely: i) Soils of Eastern Himalayas covering 16 SMU and ii) Soils of Siwaliks (17-25
SMU).
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Physiographic Divisions

Legend
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Figure 2.8: Knowledge of Physiographic Divisions of Arunachal Pradesh
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Source: NBSS Publ. 55 Soil Series of India — Arunachal Pradesh
Figure 2.9: Soil Map of Subansiri basin showing Upper Subansiri district, Lower Subansiri district and Kurung Kumey district.
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Soils of Eastern Himalayas
Shallow, excessively drained, loamy-skeletal
soils on very steeply sloping hill summit having
loamy surface with very severe erosion hazard
and moderate stoniness: associated with ;
Moderately deep, somewhat excessively
drained, loamy skeletal soils on moderately
steeply sloping side slopes with severe erosion
hazard and moderate stoniness.
Deep, somewhat excessively drained, loamy-
skeletal soils on moderately steeply sloping
summits having loamy surface with severe
erosion hazard and moderate stoniness:
associated with; Moderately shallow,
excessively drained, sandy-skeletal soils on
steeply sloping summits with very severe
erosion hazard and slight stoniness.
Shallow, excessively drained, loamy — skeletal
soils on steeply sloping summits having loamy
surface with severe erosion hazard and slight
stoniness: associated with; Moderately deep,
somewhat excessively drained, loamy-skeletal
soils on moderately steeply sloping side slopes
and slight stoniness
Shallow, excessively drained, loamy-skeletal
soils on very steeply sloping summits having
loamy surface with severe erosion hazard and
strong stoniness: associated with; Moderately
deep, somewhat excessively drained, sandy-
skeletal soils with very severe erosion hazard
and moderate stoniness.
Very deep, well drained, fine soils on moderately
steeply sloping side slope of hills having loamy
surface with moderate erosion hazard and slight
stoniness: associated with; Very deep, well
drained, fine-loamy soils on moderately steeply
sloping side slope of hills with moderate erosion
hazard.
Shallow, excessively drained, sandy-skeletal
soils on very steeply sloping side slopes of hills
having loamy surface with severe erosion
hazard and strong stoniness: associated with;
Moderately deep, excessively drained, loamy-
skeletal soils on steeply sloping side slope of
hills very severe erosion hazard and slight
stoniness
Very deep, somewhat excessively drained, fine
soils on moderately steeply sloping side slope of
hills having loamy surface with moderate
erosion hazard: associated with; Moderately
shallow, excessively drained, clayey soils on
steeply sloping side slope of hills with severe
erosion hazard.

(0]

(0]

Loamy — skeletal, Lithic
Udorthents
Loamy — Skeletal, typic
Udorthents

Loamy-skeletal, Entic
Haplumbrepts

Sandy — skeletal, Typic
Udorthents

Loamy — skeletal, Lithic
Udorthents

Loamy — skeletal, Dystric
Eutdrochrepts

Loamy-skeletal, Lithic
Udorthents
Sandy-skeletal Typic
Udorthents

Fine, Humic Hapludults
Fine — Loamy Umbric
Dystrochrepts

Sandy-skeletal, Lithic
Udorthents
Loamy-skeletal, Typic
Eutrochrepts

Fine, Typic Palehumults
Fine, Typic Haplumbrepts
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Mapping o
Description

08

09

10

11

12

13

14

15

16

Moderately shallow, somewhat excessively
drained, loamy-skeletal soils on moderately
steeply sloping side slope of hills having loamy
surface with severe erosion hazard and strong
stoniness: associated with; Moderately deep,
somewhat excessively drained, fine-loamy soils
with moderate erosion hazard.

Deep, well drained, fine soils on moderately side
slope of hills having clayey surface with
moderate erosion hazard: associated with; Very
deep, well drained, fine-loamy soils with
moderate erosion hazard.

Very deep, somewhat excessively drained, fine
loamy soils on moderately steeply sloping side
slope of hill having loamy surface with moderate
erosion hazard and slight stoniness: associated
with; Very deep, well drained, fine loamy soils
with moderate erosion hazard

Very deep, well drained, fine-loamy, soils on
moderately sloping side slope of hills having
loamy surface with moderate erosion hazard
and slight stoniness: associated with; Very
deep, well drained, fine soils with moderate
erosion hazard

Very deep, well drained, fine soils on moderately
steeply sloping side slope of hills having clayey
surface  with moderate erosion hazard:
associated with; Deep, somewhat excessively
drained, fine soils with erosion hazard

Very deep, poorly drained, fine soils on very
gently sloping plain in narrow valley having
loamy surface with slight erosion hazard and
slight flood hazards: associated with; Very deep,
imperfectly drained, fine soils with slight erosion
hazards

Very deep, well drained, fine soils on moderately
sloping side-slopes of hills having loamy surface
with moderate with moderate erosion hazard:
associated with deep, somewhat excessively
drained, loamy-skeletal soils on moderately
steeply sloping side-slopes of hills having loamy
surface with severe erosion hazard.

Very deep, well drained, fine soils on moderately
steeply sloping side-slopes of hills having loamy
surface with moderate erosion hazard:
associated with; Deep, well drained, fine soils on
moderately steeply sloping side-slopes of hills
with severe erosion hazard

Very deep, well drained, fine-loamy soils on
moderately sloping side-slopes of dissected low
hills having loamy surface with moderate
erosion hazard: associated with; Very deep, well
drained, fine-loamy soils with moderate erosion
hazard

(0]

(0]

Soil Taxonomy

Loamy — skeletal, Typic
Kanhaplohumults

Fine — loamy, Panchic
Haplumbrepts

Fine, Typic
Kanhaplohumults
Fine-loamy, Pachic
haplumbrepts

Fine-loamy, Umbric
Dystrochrepts
Fine-loamy, pachic
Haplumbrepts

Fine loamy, Pachic
Hablumbrepts
Fine Typic Pale Humults

Fine Typic Kandihumilts
Fine Pachic Haplumbrepts

Fine Humaqueptic
Fluaquents
Fine Humic Haplaquepts

Fine Typic Kanhaplohumults
Loamy skeletal
Umbric Dystrochrepts

Fine Typic Paleudults
Fine Umbric Dystrochrepts

Fine loamy Typic
Dystrochrepts
Fine Loamy Typic
Paleudalts
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Soils of Siwalik Hills

17 Deep, excessively drained, loamy-skeletal soils | o Loamy skeletal
on very steeply sloping summits having loamy | o  Umbric Dystrochrepts
surface with severe erosion hazard and strong | o Fine loamy Typic
stoniness: associated with: Moderately deep, Dystrochrepts
excessively drained, fine-loamy soils with severe
erosion hazard and slight stoniness

18 Very deep, well drained, fine-loamy soils on o Fine loamy Typic
moderately steeply sloping summits having Dystdrochrepts
loamy surface with moderate erosion hazard: o Loamy skeletal
associated with: Deep, well drained, loamy- | o Dystric Utrochrepts
skeletal soils with moderate erosion hazard and
slight stoniness

19 Deep, somewhat excessively drained, loamy- | o Loamy skeletal
skeletal soils on steeply sloping summits having | o  Typic Udorthents
loamy surface with severe erosion hazard and | o Fine loamy Typic
moderate stoniness: associated with: Deep, Dyistrochrepts
somewhat excessively drained, fine-loamy soils
with moderate erosion and strong stoniness

20 Deep, somewhat excessively drained, loamy | o Loamy skeletal
skeletal soils on moderately steeply sloping o Typic Udorthents
side-slopes of hills having loamy surface with | o Fine loamy
severe erosion hazard and slight stoniness: | 0 Typic Dystrochrepts
associated with: Deep, well drained, fine-loamy
soils on gently sloping foot hill slopes with
moderate erosion hazard and slight stoniness.

21 Deep, somewhat excessively drained, fine- | o Fine loamy
loamy soils on steeply sloping side-slopes of | o Typic Haplaumbrepts
hills having loamy surface with severe erosion | o Loamy skeletal
hazard and slight stoniness: associated with: | o Typic Udorthents
Deep, well drained loamy-skeletal soils on
moderately sloping side slopes of hills having
loamy surface with moderate erosion hazard
and slight stoniness

22 Deep, somewhat excessively drained, loamy- | o Loamy skeletal
skeletal soils on moderately sloping side-slopes | 0 Typic Haplumbrepts
of hills having loamy surface with severe erosion | 0 Fine loamy
hazard and slight stoniness: associated with: | o Umbric Dystrochrepts

Very deep, well drained, fine loamy soils with
moderate erosion hazard

The 16 SMU of Eastern Himalayas cover following different physiographic
aspects:

o Very steeply sloping hill summits — 1-4 SMU
0 Steep to very steeply sloping hill side — 6,8 — 9 SMU slopes
0 Moderately sloping hill side slopes —5,7,10,11,12,14,15,16 SMU

¢ The 6 SMU covering Siwalik zone covers different physiographic aspects.
o Very steeply summits 17 — SMU
0 Steeply sloping side slopes 19-21 SMU
0 Moderately Steep side slopes 18,20,22 SMU
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Some Salient Features of the Soil Legend
North Eastern Himalayas

Very steeply sloping hill summits cover 4 SMU namely 1,2,3,4. Overall, it can be
generalized that these summits have shallow (25-50 cm) soil depth, loamy skeletal
textural family and suffers from severe erosion. Taxonomically, they are Lithic/Typic
Udorthents of entisols soil order means immature soils. However, SMU 2 has deep soils
and belongs to inseptisols soil order implying inception of profile development, as such,
relatively have better productivity.

Steep to very steep hill side slopes cover 3 SMU namely 6,8,9 and shows increasing soil
depth viz. shallow, moderately shallow and deep. Former two have sandy skeletal and
loamy skeletal severely eroded soils of entisols soil order but have inceptisols in
association but SMU 9 soils are fine clayey with moderate erosion and belong to Ultisols
soil order implying low base saturation and low CEC. In thin group SMU 9 has a better
productivity.

Moderately steep hill side slopes are spread over 7 SMU namely 5,7,10,11,12,15,16 of
which, 5,7,12,14,15 belongs to fine textural family belonging to Ultisols soil order
associated with inceptisols; whereas, SMU 10,11, and 16 belong to fine loamy textural
family and belong to Dyestric group of inceptisols indicating low base saturated
immature soils. Overall, these soils are very deep, moderately eroded with slight
stoniness in SMU 10 and 11. These slopes are mostly covered with alpine and
subalpine, temperate coniferous, semi evergreen and tropical moist deciduous forest.

Narrow valleys are mapped under SMU 13. It has poorly drained very deep fine soils
with high ground water table and none to slight water erosion but have slight flood
hazards. They are stratified soils of Fluvaquents group of entisols. They are normally
used for met paddy cultivation. Hill / terraces are cultivated for rice, maize, millets, peas,
beans, potato and vegetables.

In general, soils are strongly to moderately acidic (pH 4.2 to 5.7) with high organic matter
content (OC — 1 — 5.2%) and have appreciable amount of exchangeable A1 + *[1.0 to
5.9 C mol (P+) kg™'], subsurface have low CEC (3.5 — 23.5 ¢ mol (P+) kg™, poor base
status, medium to high available N, low available P, low to high available K and low in
Mn and Zn contents.

Soils of Siwalik

Most of the Siwalik soils are deep to very deep with loamy skeletal textural family and
are affected by severe soil erosion except SMU 18 and 21, which have dominance of
fine loamy textural family and suffer from moderate to severe soil erosion. In sail
classification subgroup Umbric / Dystric imply strongly acidic low base status soils. It is
worth while to note that most loamy skeletal soils are associated with a minor extent
under fine loamy soils.

These soils are moderately to slightly acidic nature (pH 4.6 to 5.8) and moderate to high

organic matter content (OC% - 1.3 to 3.7%). The CEC of the soils ranges from 3.7 to
15.2 ¢ mol (p+) kg™, and they are moderate to poor in base saturation.
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2.7 Socio-cultural and religious values

In Arunachal Pradesh, Gumpa Forests, known as Sacred Groves are attached to
Buddhist monasteries. There are 101 sacred groves recorded from AP'. No
monuments/protected monuments in Subansiri Basin have been listed by Archaeological
Survey of India®. Description of Socio-cultural and religious values in Subansiri Basin is
given below.

1 Lower Subansiri District

Eight sacred groves have been recorded in Lower Subansiri District as given in Table
2.3%

Table 2.3: Sacred groves in Lower Subansiri District
Location of Sacred

Srno Name of Sacred Grove Grove Name of the deity Area (ha)
Dilang Posa, Dilang Tari Bo,
1 Dilang Tare Bo / Dilang Posa | - Khalo
Kyong Thervada Gumpa
2 forest VIP Colony, Vivek Bihar Buddha
3 Pumin Pubiang - Pumin Pubiang, Sai, Tajhe
Siddhartha Vihar Gumpa
4 forest Bank Tinali Buddha 1.2
5 Sree Moro Doji Yapung - Sree Moro / Doji Yapung
6 Suthi Pache Ko - Suthi Pache Ko
7 Takae - Geka
8 Yapun Yapyo - Yapun Yapyo

Ziro is located in Lower Subansiri District is a tourist destination and is known for high
altitude fish farm, Pine and bamboo groves, trekking & hiking. Talley valley is sanctuary
located in Lower Subansiri District is 30 km from Ziro. It is known for green paddy fields,
paddy cum pisciculture and eco-tourism.

Parsi Parlo located in Lower-Subansiri district is known for scenic beauty, Neolithic Site,
Historical/Religious Site*.

Shiva lingam at Kardo forest: It is about 4 Km away from Hapoli township. The height of
Shiva Lingam is 25ft. and 22 ft width at Kardo. Million of devotees who offer their
prayers, worship and faith of Lord Shiva in the remote Himalayan region of Tribal beliefs
and traditions®.

Fairs & Festivals

Festivals are an essential part of the socio-cultural life of the people. The festivals are
connected with agriculture and celebrated with ritualistic gaiety either to thank god for his

! http://www.ecoheritage.cpreec.org

2 http://asi.nic.infasi_monu_alphalist_arunachal.asp
® http://ww.ecoheritage.cpreec.org

4 http://asi.nic.infasi_exca_indi_arunachal.asp

S http:/lowersubansiri.nic.in/html/ziro.htm
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providence or to pray for a bumper harvest. The large fairs and festivals are linked with
the people and religions. The festivals celebrated by the Arunachalees, mirror the
people, culture, their artistic genius and skill in music and dance, which is a vital element
in the life of every tribe.

The spring-time festivals are celebrated during the period from January to April by the
different groups. Major festivals celebrated in Subansiri basin is given in Table 2.4.

Table 2.4: Major festivals celebrated in Subansiri basin

Sr. No. District Headquarter Festivals Date & Month (Apprx.)
1 Lower Subansiri | Ziro Boori Boot (Hill Miris) 6 February
Nyokum (Nishi) 26 February
Dree (Apatanis) 5 July
2 Upper Subansiri | Daporijo Si-Donyi (Tagins) 6 January
Boori Boot (Hills Miris) 6 February
Mopin (Adis) 5 April

Lower subansiri district

Myoko Festival: This festival is celebrated during the month of March every year
amongst three villages namely Diibo-Hija, Hari-Bulla and Hong of Apatani plateau on
rotational basis with traditional gaiety and festivity. The festival is celebrated by the
whole villager for well being of society in which people from other villages are invited for
local beer ‘OHO’ and meat, besides, merry making like BUSHII and AYU traditional
song).

Murung festival: This festival is celebrated during the month of January by individual in
which all the villagers participate. The festival is celebrated for well being of individual
and immediate kith and kin. In this, Mithuns and cows are sacrificed that are distributed
to the whole villagers of Apatani before “PENII SOLIN DU” traditional festivities in which
young and old go to other villages of Apatani plateau by chanting “HO-HO” in a queue.

Dree festival: This Agricultural festival is celebrated during the month of July, centrally on
5th July every year at Nenchaleya, Old Ziro to propitiate the Dree God to protect the
agriculture crops from pests and diseases. In this festival traditional songs and dances
are also performed. The people of all villages of Apatani take part, besides people from
other areas are also invited for community feast at festival ground.

2 Upper Subansiri District

Festivals

1) Si Donyi:- The people of Tagin tribe celebrate this festival invoking the creators, Si
and Donyi, to bestow them with good crops and prevent diseases thereby blessing
the people with plenty, prosperity and success.

2) Boori-Yullo:- During this festival celebrated by the Nyishi community of the district,
people get together to hail the spring season and a successful harvest. The festival
also invokes the spirit of Boori Boot to bless the community with prosperity and free
them from diseases of any kind.

3) Mopin:-This festival is celebrated by the Galo community for wealth, prosperity, good
health and universal happiness.
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Religious places

Menga Mandir is located 22 km North of Daporijo towards Taliha near the confluence of
River Subansiri and Mengha River. It is a rock cave temple with two tunnels. The tunnels
are located at the backside and towards the left side of cave wall. The first one starts
from the back wall of the cave at a place about 1.80 metres high from the platform
reached by stairs. The opening of the tunnel is big and allows single person to enter. But
gradually it becomes so narrow that a person has to crawl for further entry. The interior
of the tunnel is extremely dark. There are several niches in the passage where three or
four persons can stand together. The second tunnel on the left appears to be an
extension of the cave. The ceiling of this tunnel is about 0.90 metres from the floors of
the cave®.

3 Kurung Kumey district

Culture

Nyokum Yullo is the main festival of the district which is celebrated during the month of
February. Solung festival is also followed in the upper region of the district i.e. Koloriang,
Sarli. Rikam Pada and Buya is the main dance of the region. It is performed to welcome
the guest and show the culture of its community. The Nyishi people have rich ornaments
called Tassand (Beads), Rurh (Sword), Lakte (Metal Ornament).

Religion

The region belief in Doni-Polo God which is the God of Sun & Moon. The tribe performs
different worships for different purpose. Yullo Oyi for the welfare of the family which
worship to God of family protector.

6 http://ardistricts.nic.in/district_profile/travel_and_tourism/tp_details.php?id=1
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Chapter 3: Hydropower Development in
Subansiri Basin

3.1 Overall Hydropotential & Identified Project

Arunachal Pradesh has been identified as a major state for hydropower development. Central
Electricity Authority (CEA) ranking study has identified 89 major hydropower projects in
Arunachal Pradesh with total potential of 49,126 MW. Under Prime Minister's 50,000 MW
initiatives, Central Government has identified 42 schemes in the state with an installed
capacity of 27,293 MW, for preparation of Pre-feasibility Reports (PFRs). At the beginning
of the current study, detailed interaction was carried out with the CEA & Department of
Power, Government of Arunachal Pradesh to get the updated information about the
planned and allotted projects, along with the status of each, in Subansiri Basin. A
comprehensive list of all the allotted/potential projects has been prepared along with their
present status by compiling all the information and is given in following sections.

3.2 Current Status

CEA had earlier attempted to identify various sites suitable for developing the
hydropower potential on Subansiri River and its sub-tributaries through a preliminary
study named “Reassessment of Hydroelectric Potential (1978-87)". Based on available
data/information and toposheet study, 25 schemes had been identified. The tentative
hydropower potential” of the basin as per their estimates is given in Table 3.1.

Table 3.1: Tentative Assessment of hydropower potential of Subansiri Basin

No. of Identified Schemes 25

Firm Power 4036 MW
Probable Installed Capacity 13767 MW
Potential at 60% Load Factor 6092 MW
Annual Energy for 90% year 56880 MW

The implementation of these schemes in the basin would yield an aggregate of 6092
MW of Power (at 60% load factor). The total installed capacity of these schemes has
been projected to be 13,767 MW. Gross head for various schemes range between 40 m
to 365 m. Twenty of these schemes were envisaged to be “run of the river” type and the
rest were expected to be developed as storage schemes.

Eight of these schemes are proposed on main Subansiri River installed capacity of 8412
MW. These are Oju — | (700 MW), Oju — Il (1000 MW), Niare (800 MW), Naba (1000
MW), Subansiri Lower (2000 MW), Subansiri Upper (2000 MW), Nalo (360 MW) and
Dengser (552 MW) with expected annual energy generation of 8412 MW respectively in
a 90% dependable year.

"CEA
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Five of the schemes are located on Kurung River, an important tributary of Kamla River.
These are Kurung | — 1l (330 MW), Mili (75 MW), Sape (38 MW), Chomi (80 MW) Chela
(75 MW).

Two of the schemes are located on Kamla River namely Tamen (175 MW) and Subansiri
Middle Kamla HEP (1728 MW).

The rest of the four schemes were proposed on various other sub-tributaries. The
Tammu (55 MW) on Siu River, Nyepin (32 MW) and Hiya (41 MW) on Payam River and
Tago — | (55 MW) on Kale River, Apart from the projects on the main river, hydropower
projects are planned on all major tributaries and sub-tributaries.

In Subansiri Basin, as on 2004, out of total asse