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Glossary
Accretion. Growth of floodplain land by deposition of river-borne sediment, often on the
insides of bends (point bars) or on midchannel bars and islands.
Alluvial (river or channel). Formed or flowing in mainly noncohesive deposits laid down by
river processes.
Amplitude (of meanders). Average distance between outer points of a meander pattern or belt.
Bankfull. Condition where a river is flowing up to average top-of-bank level with negligible
overbank flow.
Bedload. That portion of the total sediment load that moves in contact with the bed.
Bed sediment. Comprises those sizes of sediment that are normally found on or in the riverbed
under low-flow conditions.
Bifurcation. Division of a river from a single upstream channel into two downstream channels.
Clay. Cohesive deposit of mineral origin, composed essentially of grain sizes finer than 0.002
millimeters; or its disaggregated form suspended in water.
Cutoff. New channel formed naturally or artificially, cutting across the narrow neck of an
enlarged or contorted meander loop.
Gradient (river). Fall in elevation per unit length, as measured along the main channel or
course; usually refers to a water surface corresponding to a consistent flow condition all along
the river.
Morphological. Relating to geometry and shape; with respect to a river, to its appearance in
plan, its cross-sections, and its longitudinal profile.
Node or nodal point. Location where a river channel is constrained on both sides, either
naturally or artificially, and is not free to shift by erosion.
Overbank flow. That portion of a flood flow that overtops the riverbanks and is carried on the
floodplain.
Oxbow (lake). Part of a former meander loop left isolated by a cutoff.
Planform. Appearance of a river as mapped or seen from directly above; may be straight,
meandering, multichannel, braided, contorted, etc.
Regime. Overall or average characteristics or behavior; with respect to a river, its long-term
discharge and water-level characteristics (flow regime), or its long-term morphological
characteristics and their relationships to water and sediment inputs (channel regime).
Revetment. Erosion protection facing constructed on and parallel to a sloping riverbank or
embankment; may consist of broken rock, boulders, sandbags, concrete, gabions, etc.
Riprap. Erosion protection consisting of quarry rock or boulders.
Roughness coefficient. Numerical representation of the relative resistance to flow of channel
boundaries; flow velocity is inversely proportional to roughness coefficient, other things being
equal.

iv

Sand. Noncohesive granular material of mineral origin, in the grain size range of 0.06 to 2.0
millimeters.
Sediment concentration. Rate of sediment transport divided by rate of water flow (discharge)
when both are expressed in the same units; usually expressed in parts per million by weight.
Silt. Noncohesive granular material of mineral origin, in the grain size range of 0.002 to 0.06
millimeters.
Sinuosity. Ratio of channel length to direct valley length over a sequence of meanders.
Spur (or groyne). Erosion protection structure constructed more or less perpendicular to a
riverbank or embankment.
Suspended sediment. Sediment supported by turbulence and carried between the bed and the
surface of a river; under flood conditions it may include finer sizes of bed sediment.
Wavelength (of meanders). Average straight-line distance between corresponding points on
successive meanders, viewed as full wave-forms.

v
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Executive summary
I.

Introduction

India’s Northeastern Region consists of eight states, namely Arunachal Pradesh, Assam,
Manipur, Meghalaya, Mizoram, Nagaland, Sikkim, and Tripura. With a total population of 39
million (2001 census) and covering an area of 262,179 square kilometers, the Northeastern
Region is relatively sparsely populated compared to much of the rest of India. However,
population density varies widely among the northeastern states. Assam and Tripura are the
most densely populated (with over 300 people per square kilometer, around the Indian
average), while Arunachal Pradesh is the least densely populated (13 persons per square
kilometer).
The region has abundant water resources. One-third of India’s runoff flows from the Northeast
through the Brahmaputra and the Barak rivers and there is a substantial unutilized
groundwater resource. There is estimated to be about 60,000 megawatts of economically viable
hydropower potential, of which only about 65 megawatts is developed or under construction. It
is also clear that the abundant water resources impose severe distress and costs on the region
through frequent flooding and that this needs to be managed to improve economic
development.
The basin of the Brahmaputra River is among the most flood prone in the world, followed
closely by that of the Barak River. Floods affect an annual average of 0.8 million hectares of
land, but in some years they affect more than 4 million hectares of Assam’s total area of 7.54
million hectares. Such extensive floods inundate at least 2,000 villages in addition to destroying
other infrastructure. The problem is further exacerbated by riverbank erosion, which destroys
an annual average of about 8,000 hectares of riparian land along the Brahmaputra.
This study reviews flood and erosion management infrastructure in terms of financing,
operation, and maintenance, and examines options for supporting improved measures for flood
and erosion management.

II.

The Brahmaputra River in Assam

The Brahmaputra River flows through Assam from east to west over a length of approximately
650 kilometers. Its main branch originates in the Tibetan plateau, flowing from west to east as
the Tsangpo River, and then turns south through the eastern Himalaya as the Dihang River to
enter Assam, where it is joined by other branches to form the Brahmaputra. Near the western
boundary of Assam, the river turns south to enter Bangladesh, where it is generally known as
the Jamuna. Through Assam, the long-term mean discharge rises from about 8,500 to 17,000
cubic meters per second as flows are augmented by major tributaries.
Under low-flow conditions, almost the entire length of the river through Assam has a
multichannel character: most reaches show three to six channels separated by islands and bars,
a type of planform generally known as braided. Under rising flow conditions, increasing
numbers of bars and islands become submerged, and in major floods they may disappear
entirely. The pattern of channels changes frequently, especially under flood conditions,
accompanied by extensive erosion of floodplain banks and deposition of sand bars. The width
between outer banks ranges from as low as 1.2 kilometers at one nodal point to 18 kilometers or
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more at one or two sections. Individual low-water channels can have widths of up to 1
kilometer or so.
Two geological factors are dominant in determining the morphological character of the
Brahmaputra River in Assam. Firstly, the Himalayan ranges to the north are uplifting at a rate
in the order of 1 meter per century. Secondly, the whole region is subject to frequent seismic
movements and periodic major earthquakes. The Assam earthquakes of 1897 and 1950, both of
magnitude 8.7 on the Richter scale, were among the largest within historical experience
anywhere in the world. Major earthquakes like that of 1950 generate large quantities of
sediment that enter the river system as a slug and disturb the normal regime over a period of
several decades.
The complex channel pattern and erratic shifting nature of the Brahmaputra River have
important implications for flood control by embankments. Unprotected embankments cannot
be expected to remain immune to river erosion for many years, even if they are initially set back
some distance from the banks. Also, at many locations, flood flows strike the banks or
embankments at severe angles of attack, producing deep scour in the riverbed and undermining
the banks.
In the location and design of flood control embankments, key considerations include (a) efforts
to predict future river behavior with respect to shifting and erosion; and (b) the provision of
erosion protection to deflect or forestall river attack and associated embankment failures.
Prediction of future river behavior is admittedly difficult, but it can be aided by study of
satellite imagery. Erosion protection is currently being practiced in Assam using rock-protected
spurs or groynes constructed at right angles to the embankments.
Overflooding from the Brahmaputra and its tributaries has been addressed by the construction
of about 3,800 kilometers of embankments, construction of drainage regulators, and excavation
of drainage canals. Embankments extend along substantial lengths on both banks of the
Brahmaputra as well as along selected reaches of tributary rivers.

III.

The Barak River in Assam

The Barak River rises in the Indian state of Nagaland at an elevation of approximately 2,300
meters and passes through the Manipur Hills of Manipur state over a river length of nearly 400
kilometers. It then flows generally westward from Lakhipur through the Cachar Plains region
of Assam over a river length of approximately 130 kilometers to enter Bangladesh near Bhanga.
Extensive areas of the floodplain lie at lower elevations than the tops of the adjacent riverbanks,
which have built up historically by overspilling and local deposition of sediments during flood
periods (apart from being raised since the 1950s by construction of flood control embankments).
Depressional areas (haors) within the floodplain form large expanses of water during the rainy
season but dry out to form collections of ponds (beels) during the dry season. The combined dryseason area of standing water is reported to have decreased from about 133 square kilometers in
1957 to 45 square kilometers in 1978, mainly due to sedimentation and appropriation for
agricultural activities.
Historically, causes of flooding on the Cachar Plains have been:
•

Overflooding from high flows in the Barak River

•

Overflooding from high flows in tributaries from the north and the south
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•

Heavy rainfall on the plains, combined with insufficient slope for depressional areas to
drain by gravity to the river systems

•

Obstruction of natural drainage by road and railway embankments and other
infrastructural features.

Overflooding has been addressed mainly by extensive construction of embankments along the
riverbanks. Design standards call for 25-year protection for agricultural land and 100-year
protection for towns. Most embankments are located close to the riverbanks and are therefore
susceptible to damage due to bed scour and channel migration. Efforts have been made to resist
erosion using spurs in rural areas and revetments or flood walls in urban areas.
Various measures have been proposed to accommodate to flooding and flood emergencies,
including provision of raised platforms and more extensive use of watercraft for relief, medical
support, and transport. The only physical measures meriting further consideration seem to be
(a) upstream storage reservoirs; (b) river channel improvements and lower flood stages; and (c)
pumping.
Because of the very low slope of the Barak and its bifurcation at the Bangladesh border,
deepening of the channel would probably be of little benefit. Widening could significantly
increase hydraulic capacity, but would have adverse impacts on property and existing
embankments.

IV.

Flooding and related costs

Despite extensive efforts on flood control, disastrous flooding continues to affect large segments
of the population, and to discourage investments. Embankments are only partially effective for
numerous reasons: (a) they can contain only floods up to a certain magnitude; (b) they usually
have gaps where tributary streams enter the embanked river; (c) they are susceptible to failure
from river erosion or geotechnical instability; (d) they are often inadequately maintained; and
(e) they may be deliberately breached to release impounded water.
The social disruption and costs associated with flooding have been rising, partly because of
increasing human occupation and associated economic activity but possibly also due to
increased magnitude and frequency of floods. Table A provides a summary of damage trends.
Table A. Flood damage trends in the Brahmaputra valley of Assam
Average annual area
flooded
(million hectares)
Period

Flooded crop
as % of total
inundated

Average
annual
population
affected

Affected
population
per ha of
flooded area

Average
annual damage Value of crop
lost as % of
(million
total damage
rupees)a

Total

Cropped

1953–1959

1.13

0.10

8.85

860,000

0.8

58.6

66

1960–1969

0.75

0.16

21.33

1,520,000

2.0

75.7

92

1970–1979

0.87

0.18

20.69

2,000,000

2.3

151.8

89

1980–1988

1.43

0.40

28.05

4,550,000

3.2

1,455.2

96

1999–2005

1.07

0.38

35.65

4,586,000

4.3

7,171.7

34

a

Unadjusted for inflation.

Source: Assam Water Resources Department.
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The reported average annual flood damage sustained over the past five years is about US$163
million. In addition, it is estimated than an area of 386,000 hectares has eroded since 1954. This
in turn has reportedly affected more than 90,000 families and about 2,500 villages, and
translates into an average annual erosion rate of about 8,000 hectares.

V.

Flood management strategy considerations

The existing plans and strategies to improve water resource management in general, and flood
management in the Assam valley in particular, reflect the outcome of considerable and careful
analysis of available information. The discussion below raises some general considerations
associated with proposed strategies. However, the information available to this study at the
time of writing is by no means sufficient to draw definitive conclusions, or even to suggest a
best alternative.

Consultation
The Brahmaputra master plan and subbasin plans are not available in the public domain and it
is not clear to what extent, if any, there was meaningful public input to the various critical
issues that the plans involve. Given the reported difficulties associated with obtaining access to
raw data and the general inaccessibility of the completed planning documents, it is unlikely that
there is significant public awareness, let alone support for, the plans that have been prepared.
The Brahmaputra and Barak are both international rivers and this is probably a contributing
factor to the lack of transparency. Nevertheless, experience elsewhere has clearly demonstrated
that where local stakeholders have not contributed in a significant way to resolving issues
associated with management of a key resource such as water, they become adversaries of the
development process – particularly where plans, once implemented, cannot or do not meet
expectations. This is particularly acute in the case of flood management or flood control where
these terms mean the provision of a certain level of protection, not total security.

Agriculture and land use adaptation
The Brahmaputra master plan could benefit from more consideration of policy options to
promote adaptive land use, particularly with respect to agriculture. In practice this would
involve shifting agriculture production systems to the rabi (boro rice) and kharif I seasons,
relying heavily on extraction of groundwater and thereby reducing reliance on the kharif II
season, when crops are most susceptible to flooding. Since floods would not be eliminated, and
as populations in the Northeast will continue to expand, additional measures are needed to
ensure stable incomes and food production.

Fisheries
Fish are an important source of protein in the diet of the people of the Northeastern Region. The
annual production of fish is reportedly about 170,000 metric tons, while the estimated
requirement is about 280,000 metric tons (Singh, Sharma, and Ojha 2004). From the perspective
of their contribution to groundwater recharge, their potential to moderate smaller floods, and
their role in providing fish habitat, the lack of attention to the wetlands and beels should be of
some concern.

Climate change
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It is not clear to what extent climate change has been incorporated into the plan analysis. An
assessment of the implications of climate change for hydrological regimes and water resources
in the Brahmaputra basin using scenarios developed from the Hadley Center model simulations
indicates that, by the year 2050, the average annual runoff in the Brahmaputra River will decline
by 14 percent. Studies have also indicated that snow melting in the high Himalayas will
increase flood discharges in the Himalayan catchments (IPCC 2001). Singh (1998) suggests that
an increase in surface temperatures will lead to a rise in the snow line, increasing the risk of
floods during the wet season.
Climate change is likely to have extensive impacts on the land-water system. A key need is to
incorporate climate change in long-term planning. Dealing with existing climate variations
through good construction quality and strengthened operation and maintenance is also good
preparation for dealing with climate change, since infrastructure will need to respond to
conditions that approach the limits of their design.

Research and monitoring
The rehabilitation of flood control embankments and the location and design of spurs and other
erosion management structures would benefit from improved measurements of basic river
processes. This would involve increased financing for such equipment as differential global
positioning systems combined with echo sounders for improved bathymetric surveys; global
positioning systems with float tracking to map changes in river flow patterns; and acoustic
Doppler current profilers (ADCP) for measurement of current magnitudes and directions.

Satellite image-based morphological studies
Sequential satellite imagery can provide an accurate picture of changes to river banklines, both
temporally and spatially. As an initial step there is a need to more carefully analyze and map
such changes in order to (a) provide a reliable database on river movements; (b) indicate erosion
risks along the river; and (c) indicate trends of increasing or decreasing erosion.
A follow-on step would be to develop on a systematic basis morphological prediction methods
based on satellite imagery, with a view to assessing erosion vulnerability. With this type of
approach, investments in bank and embankment protection could be applied in a more
proactive manner.

Levels of flood protection
It would seem appropriate to establish minimum levels of flood protection, in terms of expected
frequency or probability of overtopping, for different categories of land or property, for
example agricultural land, villages, and larger towns or cities. The population should be made
fully aware of the limitations of flood protection, and of planned emergency measures to
provide warning and protect life, especially when larger events occur.

Hydraulic consequences of embankments
Using historical river discharge and water-level data, efforts should be made to establish
whether, as alleged in some documents, existing embankments have in fact raised flood levels
by eliminating overbank spill and confining flood flows within the boundaries of the river itself.
Attention should be given to the consequences of further extending the embankment system,
both within Assam and downstream in Bangladesh. Consideration should also be given to
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relevant experience in Bangladesh. Regardless of the findings, removal of existing
embankments does not appear to be a realistic option.

Feasibility of proposed storage dams
The contemplated multipurpose dams on the Dihang and Subansiri rivers are extremely high
and appear to be located in a seismically active region that has experienced major earthquakes.
The present report was unable to ascertain to what extent this problem has been addressed by
technical studies. The interjurisdictional problem associated with those dams is another
question requiring investigation. The flood control benefits of those two dams alone appear to
be somewhat limited.

Landslide dams on tributaries
On some north-side tributaries of the Brahmaputra, hazards to life resulting from the formation
and breaching of temporary dams composed of landslide detritus can apparently be very high.
The full geographical extent of this problem is not known, but it seems to merit more
documentation and the development of systems for warning, evacuation, and perhaps
controlled breaching.

Erosion control
As previously noted, the erosive potential of the Brahmaputra River is extremely high and has
led to frequent pulling back or retiring of flood control embankments, with adverse social
consequences. Assam has made limited efforts to avoid loss of embankments by constructing
spurs at right angles to the embankments in some vulnerable locations. Observations and
discussions in Assam indicate that the methods used have been fairly successful (in contrast
with experience to date in Bangladesh) and that considerable benefits would accrue from
substantial expansion and acceleration of spur construction where embankments are under
immediate or near-future threat.

Operation and maintenance budgets
The Assam Water Resources Department reported that their annual maintenance budget
allocation declined from about US$10 million in fiscal year 1985 to about US$3.8 million in fiscal
year 2005, of which US$1.4 million was provided by the state and the balance as assistance from
central government (Economic Finance Committee). The 2005 allocation was intended to cover
maintenance of all infrastructure, including embankments, spurs, and revetments, as well as
establishment costs. Based on government guidelines, the Water Resources Department’s fiscal
year 2005 estimate for total maintenance of all infrastructure is US$18 million; while this
estimate is very much higher than the actual allocation, it still amounts to less than 2 percent of
the capital cost of the embankments alone.
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1.

Background

1.1

Context1

India’s Northeastern Region consists of eight states, namely Arunachal Pradesh, Assam,
Manipur, Meghalaya, Mizoram, Nagaland, Sikkim, and Tripura. With a total population of 39
million (2001 census) and covering an area of 262,179 square kilometers, the Northeast is
relatively sparsely populated compared to much of the rest of India. As shown in table 1,
however, population density in the northeastern states varies widely. Assam and Tripura are
the most densely populated northeastern states (with over 300 people per square kilometer,
around the Indian average) while Arunachal Pradesh is the least populated (13 persons per
square kilometer).
Overall, the Northeast benefits from a great abundance of natural resources, notably water,
forest, and mineral resources. It constitutes a potentially wealthy region of India. At the same
time, poverty indices are high and the Northeast is often described as a “backward” region.
Development has taken place unevenly between the states and between population groups. At
partition there were three states – Assam, Manipur, and Tripura – and a union territory. Later,
Arunachal Pradesh. Nagaland, Meghalaya, and Mizoram were carved out of Assam. Sikkim
was annexed to India in 1972 and recently included in the northeastern states. This background
poses special development challenges, particularly with respect to resource management.
The region has abundant water resources. One-third of India’s runoff flows from the northeast
through the Brahmaputra and the Barak rivers and there is a substantial unutilized
groundwater resource. There is estimated to be about 60,000 megawatts of economically viable
hydropower potential, of which only about 65 megawatts is developed or under construction. It
is also clear that the abundant water resources impose severe distress and costs on the region
through frequent flooding and that this needs to be managed to improve economic
development.

1

After the Draft Concept Note (World Bank 2004).

7

Chapter 1: Background

Table 1. States of the Northeast: Selected population and natural resource indicators

Population

Total area

Population
density

Square km

Persons per
square km
2001

Number of
people
2001

State
Arunachal Pradesh

Forest cover

Rural
population

Per capita
income
2001

Persons
living below
poverty line

Scheduled
caste
population

Scheduled
tribe
population

% of total
area
2001

% of total
population
2001

Per capita
net state
domestic
product (Rs)

% of total
population
1999–2000

% of total
population
1991

%of total
population
1991

1,091,117

83,743

13

81.3

79.6

9,013

33.47

0.5

63.7

26,638,407

78,438

340

35.3

87.3

6,157

36.09

7.4

12.8

Manipur

2,388,634

22,327

107

75.8

76.1

8,745

28.54

2.0

34.4

Meghalaya

2,306,069

22,429

103

69.5

80.4

8,460

33.87

0.5

85.5

891,058

21,081

42

83.0

50.5

—

19.47

0.1

94.8

1,988,636

16,579

120

80.5

82.3

8,726

23.67

..

87.7

Sikkim

540,493

7,096

76

45.0

88.9

9,816

36.55

5.9

22.4

Tripura

3,191,168

10,486

304

67.4

83.0

6,813

34.44

16.4

31.0

Total

39,035,582

262,179

149

64.6

85.0

6,625

34.28

6.6

27.2

India

1,027,015,247

3,065,027

324

20.6

72.2

10,254

26.10

16.3

8.0

Assam

Mizoram
Nagaland

— Not available.
.. Zero or insignificant.
Source: www.indiastat.com.
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1.2

Study purpose

The basin of the Brahmaputra River is among the most flood prone in the world, followed
closely by that of the Barak River. Floods affect an annual average of 0.8 million hectares of
land, but in some years they affect more than 4 million hectares of Assam’s total area of 7.54
million hectares. Such floods inundate at least 2,000 villages in addition to destroying other
infrastructure. The problem is further exacerbated by riverbank erosion, which destroys about
8,000 hectares of riparian land along the Brahmaputra annually.
The purpose of this study is to review flood and erosion management infrastructure in terms of
how it is financed, operated, and maintained, and to examine options for supporting improved
flood and erosion management measures.

1.3

Study limitations

The material that follows is based on discussions with and presentations by the Water
Resources Department of Assam, discussions with the Brahmaputra Board, and a brief scanning
of the Brahmaputra master plan and miscellaneous documents that were obtained from two
trips into Assam (January and July 2005). While some data were provided by the Water
Resources Department of Assam, and some data gleaned from briefly reviewing the
Brahmaputra master plan, the available data were insufficient to undertake in-depth analysis of
many flood-related issues. Nevertheless, the data that were made available supported the
various discussions and, combined with field trips, provided some understanding of the issues,
constraints, and options.
The physical characteristics of the Brahmaputra and Barak rivers and their environment in the
Indian state of Assam, and the social consequences of their behavior, have been described and
analyzed in detail in numerous published reports and articles, a number of which are listed in
the bibliography.
Dimensions and quantities quoted herein are provided for illustrative purposes only and
should not be taken as definitive. In many cases the quoted value represents a compromise
among a range of values obtained from different sources.

1.4

Document organization

Chapter 2 characterizes the Brahmaputra River in terms of its geology, geomorphology, and
hydrology. Chapter 3 characterizes the Barak River in terms of physiographic and morphologic
features, hydrology and hydraulics, sediment transport and flooding. Chapter 4 describes the
flooding in Assam in terms of its extent, damage, and relief response, and briefly compares
floods to other hazards. Chapter 5 describes existing flood and erosion control infrastructure,
reviews its status and estimated cost, and discusses its management and financing. Chapter 6
reviews plans in the Brahmaputra and Barak basins, and suggests approaches to improved
flood and erosion management.
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2.

The Brahmaputra River in Assam

2.1

Introduction

A short summary of the salient physical characteristics of the river, based mainly on
documentary sources and on-site inspections and conversations conducted in Assam in January
and July 2005, is provided in this section as background to subsequent sections dealing with
flood and erosion control. Documentary sources extensively drawn upon include Goswami
1985, Sarkar and Thorne 2003, and Sarma 2005.

2.2

Overall river features

2.2.1

General

The Brahmaputra River, flowing through Assam from east to west over a length of
approximately 650 kilometers (figure A-1), is among the largest, most flood prone and most
unstable rivers in the world. Its main branch originates in the Tibetan plateau, flowing from
west to east as the Tsangpo River, and then turns south through the eastern Himalaya in a steep
gorge as the Dihang River to enter the eastern part of Assam, where it is joined by other
branches from the northeast to form the Brahmaputra. Near the western boundary of Assam,
the river turns south to enter Bangladesh, where it is generally known as the Jamuna below the
offtake of the Old Brahmaputra. The characteristics of the river itself are very similar in Assam
and Bangladesh. In Assam, however, the river lies in a well-defined alluvial valley ranging from
40 to 100 kilometers in width and bounded by mountains and hills, whereas in Bangladesh the
environment is more deltaic in nature.

2.2.2

Drainage basin

The drainage areas of the river at the east and west ends of Assam are roughly 290,000 and
530,000 square kilometers. In its course through Assam, the long-term mean discharge rises
from about 8,500 to 17,000 cubic meters per second as flows are augmented by 28 major
tributaries on the north or right bank and 16 on the south or left bank. The northern tributaries
drain the southern slopes of the Himalaya and together contribute much more water and
sediment to the river than the southern tributaries.

2.2.3

Appearance in plan

As seen from space under low-flow conditions (figure A-2), almost the entire length of the river
through Assam has a multichannel character. Under low-flow conditions most reaches show
three to six channels separated by islands and bars, a type of planform generally known as
braided. Under rising flow conditions, increasing numbers of bars and islands become
submerged, and in major floods they may disappear entirely. The pattern of channels is quite
unstable and changes frequently, especially under flood conditions. These changes are
accompanied by extensive erosion of floodplain banks and deposition of sand bars.
Through more than 90 percent of the length through Assam, the land adjacent to the river
consists of low-level floodplain deposits of fine sand and silt, with very little resistance to
erosion. Spaced along the total length, however, there are eight short nodal reaches where the
river is confined between resistant soils or geological formations on both banks and the braided
planform is locally suppressed.
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2.3

Geology, seismicity, and geomorphology

2.3.1

Dominant factors

Two geological factors are dominant in determining the morphological character of the
Brahmaputra River in Assam. First, the Himalayan ranges to the north, from which the rightbank tributaries emerge, are uplifting at a rate in the order of 1 meter per century. Secondly, the
whole region is subject to frequent seismic movements and periodic major earthquakes. The
Assam earthquakes of 1897 and 1950, both of magnitude 8.7 on the Richter scale, were among
the largest within historical experience anywhere in the world.

2.3.2

Effects of earthquakes

The most important effect on the river of major earthquakes such as that of 1950 is to cause
numerous landslides and rockfalls in the mountains and foothills, generating large quantities of
sediment that enter the river system as a sudden slug and disturb the normal regime over a
period of several decades as the extra sediment works its way downstream to the Bay of Bengal.
(The effects of the 1950 earthquake, although now negligible in Assam, are still detectable in the
lower reaches of the system in Bangladesh.) Another disastrous consequence of major
earthquakes is that on certain tributaries landslide detritus forms temporary dams, which hold
back large volumes of water for periods of a few days or as long as a number of months. When
those dams eventually collapse, destructive flood waves of great height and velocity rush down
the valleys.
Earthquakes and seismic activity can also liquefy fine sand and silt deposits in the floodplain,
causing failure of riverbanks and flood control embankments. Sudden sediment inflows to the
river can also result from glacial lake outburst floods in some of the right-bank tributaries, and
more generally from cloudburst floods.

2.3.3

Valley soils and sediments

Sediments in the valley through Assam are predominantly either floodplain deposits created by
the Brahmaputra itself, or alluvial fan deposits created by tributaries emerging from the
mountains and hills onto the floodplain. The material of the riverbed consists mainly of fine and
medium sand, and the floodplain deposits of silt and fine sand.
Because sediment tends to accumulate in and adjacent to the river channel system, the center of
the valley is apparently higher than the outer margins of the floodplain – that is, the river is
somewhat perched. Such a feature tends to encourage extensive lateral shifting of the channel
system in major flood or earthquake events. In the 18th century, major shifts of the
Brahmaputra occurred in both Assam and Bangladesh. The present Jamuna River in
Bangladesh, which is the downstream extension of the Brahmaputra in Assam, has a small
distributary known as the Old Brahmaputra, which represents a former course of the main river
that is now largely filled with sediment.

2.4

River gradients and dimensions

2.4.1 Gradients
Along its course through Assam, the gradient of the Brahmaputra reduces from roughly 0.2 to
0.1 meters per kilometer. Such a low gradient is characteristic of large alluvial rivers with sandy
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beds. Overall flattening of gradient in a downstream direction is typical of rivers in more or less
uniform environments.
The gradient of an alluvial river in a state of long-term equilibrium is mainly a function of water
discharge (especially the bankfull discharge that fills the channel to the tops of the banks), of
input of bed sediment, and of the predominant grain size of riverbed sediments. Increasing flow
tends to flatten the gradient, whereas increasing sediment input and coarser bed sediment tend
to steepen it. The flattening of gradient through Assam suggests that effects of increasing water
flow or reducing grain size (or both) override those of increasing sediment input.
The 1950 earthquake produced temporary and local increases in gradient as the riverbed was
raised by sudden inputs of sediment from tributaries. At the upper end, the bed level is
reported to have risen by 3 meters, with lesser rises at downstream points. Effects on overall
gradient would have been comparatively small, because the river drops by nearly 100 meters in
its course through Assam.

2.4.2

Widths

The overall width and the range in width of the Brahmaputra are truly remarkable. The width
between outer banks ranges from as low as 1.2 kilometers at one nodal point to 18 kilometers or
more at one or two sections. Individual low-water channels can have widths of up to 1
kilometer or so.
Some sources indicate that the average width in Assam increased from about 5.8 kilometers in
the 1920s to about 7.3 kilometers in the 1990s, and that the 1950 earthquake led to short-term
increases of about 200 meters per year during the 1970s. The average rate over 70 years would
be about 20 meters per year.
Such large overall widths, considered together with the magnitude of its water flows and the
multichannel nature of its planform, suggest that, compared to other major rivers of the world,
the Brahmaputra is supplied with and transports very high concentrations of bed sediment. The
reported increases in width in the second half of the 20th century presumably reflect increases
in bed sediment inputs resulting from the 1950 earthquake. Pending another major earthquake,
the average width might be expected to reduce somewhat in the future.

2.4.3

Depths and water levels

Under ordinary flow conditions, maximum depths of main channels with respect to adjacent
islands or floodplain areas are typically in the range of 10 to 20 meters, tending to increase in
the downstream direction. Rises in water level from low water to high flood stages are around 8
meters. At certain locations where flow impinges on hard banks or artificial structures to
produce local scour holes, depths below flood level can exceed 50 meters. For a given discharge,
water levels tend to be somewhat higher on the rising stage of a flood than on the falling stage,
a phenomenon that occurs in many rivers.
According to a longitudinal profile supplied by the Assam Water Resources Department (figure
A-3), flood heights above tops of banks vary greatly from reach to reach. At some locations the
100-year flood level is shown as slightly below the north bank, whereas at other places it is 10
meters or more above it. At least on the north side, locations most susceptible to deep flooding
appear to be mainly in the upstream two-thirds of the length, east of Pandu and Guwahati.
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It is alleged that flood levels in the upper reaches rose by about 2 meters between 1913 and
1978, resulting in the river rising above danger level more than once every year, instead of only
once every few years as before. It seems likely that a major part of this rise was associated with
a rise in riverbed levels caused by the 1950 earthquake.

2.5

River flows and sediment transport2

2.5.1

Average discharges

As previously noted, the long-term average discharge of the Brahmaputra increases through
Assam from about 8,500 to 17,000 cubic meters per second. The distribution of flow through the
year is quite uneven, most of the flow volume being carried during the monsoon season from
May through October. The largest average monthly discharges at Pandu, about two-thirds of
the river distance through Assam, are around 36,000 cubic meters per second for the months of
June and July.

2.5.2

Flood discharges

In many rivers, maximum flood discharges over a period of a day or less greatly exceed average
discharges over a year or over a month, but in the Brahmaputra the ratio of flood to average
discharges is relatively modest. Over the approximately 700-kilometer length through Assam,
10-year peak discharges increase from roughly 25,000 to 75,000 cubic meters per second, and
100-year peaks from roughly 30,000 to 90,000 cubic meters per second. Comparing these flood
discharges with the previously quoted mean discharges, it can be seen that 100-year flood peaks
are only four to five times greater than long-term mean flows – a rather low ratio on a global
scale.

2.5.3

Sediment transport

Before quoting sediment transport rates, some key concepts will be explained. Sediment
transported by rivers can be divided into two types: (a) bed sediment load, consisting of coarser
particles that interact with the riverbed during high flows and rest on the bed during low flows;
and (b) wash load, consisting of finer particles that remain suspended in the water under
practically all flow conditions, passing through the river to its mouth. In the Brahmaputra, bed
sediment load consists essentially of sand, and wash load consists of silt and clay-size particles.
Available measurements of river sediment transport report suspended sediment load, which
contains all of the wash load and also, in high-flow conditions, the finer fraction of the bed
sediment load. A component of total sediment transport that is not routinely measured (mainly
because of severe practical difficulties) is bedload – the coarser fraction of the bed sediment load
that rolls or slides along the bed. For the Brahmaputra, this unmeasured component is believed
to represent a significant fraction of the total sediment transport, probably in the range of 5 to 15
percent. Morphologically it is the most significant fraction, because it is closely associated with
bank erosion and the deposition of bars and chars. Some wash load deposits on the floodplain,
but embankments tend to inhibit this.

In the reference material available to this exploratory study, no comprehensive listing or graphing was found of
mean, maximum, and minimum annual discharges for each year of record for each gauging station on the
Brahmaputra River. Such a compilation is a basic requirement for proper understanding of river hydrology. The
discharge figures quoted are based on various sources and are very approximate.

2
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Nearly all the suspended sediment in the Brahmaputra is carried in the monsoon months of
May through October, with the largest monthly quantities in June through August. The longterm mean transport is believed to increase through Assam from perhaps 250 million metric
tons per year at the eastern end to 500 million metric tons per year at the western end. At
Pandu, about two-thirds of the distance through Assam, the mean transport is reported as
approximately 400 million metric tons per year, and the average rate for June through
September as 60 million metric tons per month, or 2 million metric tons daily. With a long-term
mean water discharge at Pandu of approximately 16,000 cubic meters per second (1,380 million
metric tons daily), the average suspended sediment concentration in the water works out to
about 800 parts per million by weight. During the monsoon period, the average concentration
doubles to about 1,600 parts per million. On a global scale, these are not particularly high
concentrations.
One reference notes that at Bessamora, towards the east end of Assam, the proportion of silt in
suspended sediment, compared to fine and medium sand, decreased after 1982. It is postulated
that this reduction in fine sediment is ascribable to increasing use in hill regions of terracing to
replace slash-and-burn (jhum) cultivation.

2.6

Channel shifting and bank erosion

2.6.1

Lateral shifting of river

It is reported that in the vicinity of Majuli Island, about 25 percent of the total river length from
the upper end, the Brahmaputra has migrated southward by at least 25 kilometers since about
250 years ago. This location is believed to be a special case, and the actual period over which the
shift took place is not stated.
Other sources mention a present average rate of southward migration of 10 meters per year (or
1 kilometer per century). A general tendency to migrate southward is explained as being due to
the larger quantities of bed sediment delivered by north bank tributaries. Individual channels of
the multiple-channel system shift frequently and rapidly during flood events. (Because satellite
imagery has been available since the early 1970s, it should be possible to track shifting fairly
accurately for the last 30 years, which are the most relevant years in terms of current planning
needs.)

2.6.2

Bank erosion and loss of floodplain land

Statistics on rates of bank erosion and accretion and on net loss of land are given in various
sources. One source indicates that in a roughly 50-year period between about 1920 and 1970,
approximate total areas of (outer) bank erosion amounted to 780 square kilometers on the north
bank and 750 square kilometers on the south bank, over a length of 630 kilometers.
Corresponding rates of bank erosion, averaged over time and space, work out to roughly 25
meters per year on each side, or 50 meters per year counting both sides.
In an alluvial river in a state of long-term equilibrium, bank erosion at some locations is
generally balanced at other locations by bank accretion – that is, inward growth of banks
through deposition of sediment and colonization by vegetation. For the Brahmaputra, however,
rates of new bank formation quoted by the same source are much less than rates of bank loss by
erosion, such that net loss of land is estimated as 980 square kilometers between about 1920 and
1970. This seems to indicate an average net widening over the 50-year period of around 30
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meters per year, which is quite similar to a previously quoted value of about 20 meters per year
for average widening over about 70 years (see section 2.4 above).3
The figures quoted above are averaged over nearly the whole length of the Brahmaputra in
Assam. Locally, some lengths exhibit virtually zero erosion (due to presence of nodes), whereas
others exhibit considerably higher rates. Lengths immediately downstream of nodes appear to
have especially large widths and lateral erosion rates.

2.7

Key implications for control of flooding and erosion

Periodic, often annual, overbank flooding is a characteristic of most rivers in their natural state.
Traditionally, the adverse consequences of flooding for human occupation and activities have
been reduced principally in two ways: (a) by provision of upstream dams and reservoirs to
store floodwater and reduce downstream flood peaks; and (b) by provision of embankments
alongside the river to raise the water levels at which overflooding occurs and thereby reduce
the frequency of flooding on adjacent land. In the case of the Brahmaputra, jurisdictional and
other difficulties have so far prevented the provision of storage reservoirs, and reliance has been
placed on embankments for a partial degree of flood control. Even if upstream storage were to
be provided, it would not provide complete flood control and so would not eliminate the need
for embankments as a second line of defense.
Embankments may be constructed near the natural riverbanks, or they may be set back some
distance on the floodplain. Set-back placement has two technical advantages: (a) it provides a
floodway with a larger hydraulic capacity than the river channel alone and thereby reduces the
tendency of embankments to raise flood levels; and (b) where the river shifts its channel and
erodes the banks, set-back provides a buffer strip of land between the eroding bank and the
embankment. With a wide enough buffer strip, embankments are not so susceptible to sudden
failure in a single flood, and if a buffer strip is seen to be narrowing by erosion, timely steps can
be taken to provide erosion protection or to retire the embankment farther from the river.
However, where floodplains are densely inhabited, these technical advantages of set-back are
offset by social and economic disadvantages, since tolerable uses of land in the buffer strip
become very restricted. In urban areas, set-back may be impossible because of property
developments. In highly developed or constricted areas, flood walls may have to be used
instead of embankments.
The complex channel pattern (see section 2.2) and erratic shifting nature of the Brahmaputra
River (see section 2.6) have important implications for flood control by embankments. Given the
high rates of channel shift and bank erosion experienced in many places, unprotected
embankments cannot be expected to remain immune to river erosion for many years, even if
they are initially set back some distance from the banks. Also, the shifting channel pattern
means that at many locations, flood flows can strike the banks or embankments at severe angles
of attack, producing deep scour in the riverbed and thereby undermining the banks.
It is thus evident that in the location and design of flood control embankments, key
considerations include (a) efforts to predict future river behavior with respect to shifting and
erosion; and (b) the provision of erosion protection to deflect or forestall river attack and

Similar results have been reported in Bangladesh, where, since 1973, erosion in the Jamuna has amounted to 87,500
hectares and accretion to 12,500 hectares.

3
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associated embankment failures. In a multichannel river like the Brahmaputra, prediction of
future river behavior is admittedly difficult, but it can be aided by study of past channel shifts
using satellite imagery. Erosion protection is currently being practiced in Assam, mainly
through the use of rock-protected spurs or groynes constructed more or less at right angles to
the embankments.
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3.

The Barak River in Assam

3.1

Introduction

The salient physical characteristics of the river, mainly in its 130-kilometer length across the
Cachar Plains, are described in this section, together with a discussion on flood control.

3.2

Physiographic and morphologic features

3.2.1

General

The Barak River rises in the Indian state of Nagaland at an elevation of approximately 2,300
meters and passes through the Manipur Hills of Manipur state, first in a southwesterly and then
in a northerly direction, over a river length of nearly 400 kilometers. It then flows generally
westward from Lakhipur through the Cachar Plains region of Assam over a river length of
approximately 130 kilometers to enter Bangladesh near Bhanga. At the border it divides into the
Surma River (flowing north from the bifurcation) and the Kushiyara River (flowing south from
the bifurcation). On both the Surma and the Kushiyara, the international boundary follows the
river center line for a certain distance, so that one bank of each river lies within India. The
systems of both those distributaries (under different names) eventually reappear in lower
Bangladesh as principal tributaries to the upper Meghna River.
Overall, the Cachar Plains area is roughly 55 kilometers wide from north to south and 60
kilometers long from east to west, but this area includes a considerable number of short spurs
or ridges extending south from the Meghalaya Hills and a few longer spurs extending north
from the Tripura Hills. A number of tributaries to the lower Barak lie in low depressions
between those spurs and ridges, which are said to consist of laterite.
The drainage area of the Barak River is approximately 14,500 square kilometers where it enters
the Cachar Plains and 25,000 square kilometers where it divides at the Bangladesh border. Of
the approximately 10,500-square-kilometer increase across the Cachar Plains, alluvial
floodplains constitute only about 4,000 square kilometers, the rest representing hill areas in the
upper tributary basins.

3.2.2

Alluvial floodplain

Extensive areas of the floodplain lie at lower elevations than the tops of the adjacent riverbanks,
which have built up historically by overspilling and local deposition of sediments during flood
periods (apart from being raised since the 1950s by construction of flood control embankments).
Several large depressional areas (haors) within the floodplain, some located many kilometers
from the river, form large expanses of water during the rainy season but dry out to form
collections of scattered ponds (beels) during the dry season. The combined dry-season area of
standing water is reported to have decreased from about 133 square kilometers in 1957 to 45
square kilometers in 1978, mainly due to sedimentation and appropriation for agricultural
activities.
Without access to topographic mapping, the elevation relationships among riverbeds and
banks, cultivated areas, settlements, and haors remains unknown, though it seems likely that a
substantial proportion of the plains area cannot be drained by gravity to the rivers, even when
river levels are comparatively low.
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3.2.3

River planform

The pattern in plan of the river through the Cachar Plains is a single channel forming a
sequence of irregular contorted meanders. The floodplain exhibits numerous narrow wooded
depressions and oxbow lakes (anua) that represent former channel locations. The shapes and
locations of those features indicate that a predominant mode of past channel migration involved
meander loops lengthening and becoming increasingly closed in shape until cutoffs formed
across their narrow necks, eventually isolating the former loop from the shortened channel.
One source indicates that construction of embankments in recent decades has inhibited the
formation of cutoffs, while another indicates that shifting of meanders, with erosional attack on
embankments, has been more evident since 1978. These statements are not necessarily
contradictory – embankments may well have slowed cutoff formation but accelerated other
forms of channel shifting. Rates of channel migration cannot be inferred from the planform
appearance.4
In at least two locations, the river is more or less fixed in a nodal point by coincident outcrops of
resistant materials from north- and south-facing spurs. In both cases a tight bend occurs
upstream of the nodal point and a long, nearly straight reach occurs downstream. These nodal
points are located roughly half and three-quarters of the distance across the plains from
Lakhipur to Bhanga.
Typically, the meander pattern exhibits a wavelength in the order of 5 kilometers and an
amplitude of 3 kilometers, but some individual meanders depart considerably from the average.
Meander shapes vary widely, from long narrow hairpins to almost closed horseshoes.

3.2.4

Gradients and sinuosity

At the entrance to the Cachar Plains near Lakhipur, the gradient of the river drops from about
0.33 meters per kilometer in the upstream hills to an average of less than 0.05 meters per
kilometer across the plains to Bhanga. The total drop in water levels between Lakhipur and
Bhanga is 6 meters or less.
A gradient of less than 0.05 meters per kilometer is extremely flat even for a large river. General
experience indicates that an alluvial river of similar scale to the Barak, with an active bed of fine
sand in the 0.1 to 0.2 millimeter size range, would be expected to have a gradient of at least
double this value. It seems reasonable to infer that the bed of the Barak consists of even finer
material and that it transports very little sand coarser than about 0.1 millimeter in grain size.
The direct valley length across the plains is only 60 kilometers, compared to a river length of 129
kilometers. The average sinuosity of the river is therefore 129/60 = 2.15, which is high in terms
of general experience.

3.2.5

Channel width

The width of the Barak channel appears to be almost constant through the plains, with only a
slight increase in the downstream direction. (This contrasts markedly with the highly variable
width of the Brahmaputra River.) Average bankfull and low-water widths appear to be around
300 and 150 meters respectively. Assuming an average meander wavelength of 5 kilometers, the

Apparently a map exists that compares historical channel locations in 1920, 1930, and 1977. However, this was not
available while preparing this document.

4
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wavelength-to-width (bankfull) ratio is 16.7 – towards the upper end of the range generally
found in alluvial rivers.
On the basis of a well-known formula relating the width of alluvial channels to dominant or
bankfull discharge, the average bankfull discharge of the lower Barak (under natural conditions
without embankments) might be estimated as around 3,800 cubic meters per second. This
estimate seems reasonable when compared with quoted maximum recorded discharges of
approximately 6,700 cubic meters per second near the east end of the plains and 7,800 cubic
meters per second near the west end.

3.2.6

Bed and bank materials

It is said that bed and bank materials consist mainly of stiff clayey silt and that little sand is
found even on the channel bed. However, satellite imagery indicates the presence of point bars
of light-colored bed material along the inner banks of most channel bends. These bars probably
consist of sandy material, possibly of very fine grain size.
Channel banks are said to be quite resistant to flood flow velocities along the banks. Most bank
failures are thought to be associated with eddies and scour hole formation at sharp bends, or
with geotechnical conditions during falling stages, or with seepage into the banks from the
domestic ponds of villages located along the banks.
Several ground photographs provided in a slide presentation show bank failures in apparently
silty soils, with overlying riprap in some cases. These failures appear to take the form of
irregular crack formation and slumping or sloughing. The primary causes, whether hydraulic or
geotechnical in nature, are not evident.

3.3

Hydrology and hydraulics

3.3.1

Maximum and mean discharge

Annual hydrographs for the upper Surma and Kushiyara rivers in Bangladesh, not far
downstream of the Indian border, are shown in a 1994 report (SNC Lavalin International and
others 1994). These indicate a combined maximum (daily) discharge, presumably in an average
year, of approximately 5,600 cubic meters per second. As a first approximation, this could be
taken as indicative of the mean annual maximum in the Barak River at the Bangladesh border.
Maximum recorded discharges in the Barak near the east and west ends of the Calchar Plains,
as noted previously, appear to be approximately 6,700 and 7,800 cubic meters per second
respectively. Assuming that the above combined Surma-Kushiyara value is representative of
the Barak at the bifurcation, the ratio of maximum recorded to average annual maximum would
be 7,800/5,600 = 1.4 approximately.
Another report tabulates computed average monthly discharges and annual means for the
Barak at the bifurcation, based on manipulation of Bangladesh data (SNC Lavalin International
and others 1993). The highest monthly discharge, for July, is given as approximately 2,570 cubic
meters per second, and the annual mean as 1,000 cubic meters per second. Comparing with the
first paragraph above, the apparent discrepancy in maxima can be explained by the first (5,600
cubic meters per second) being a daily maximum and the second (2,570 cubic meters per
second) a monthly maximum. However, the tabulated annual mean of about 1,000 cubic meters
per second is less than half of the combined Surma-Kushiyara mean suggested by the
hydrographs of the referenced report. The reason for this apparent discrepancy is not known.
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A 1966 report estimated 10- and 100-year flood discharges for the Barak at the bifurcation as
approximately 7,000 and 9,100 cubic meters per second respectively (EPWAPDA 1966). These
values appear reasonably compatible with a mean (or approximately two-year) maximum of
5,600 cubic meters per second and a recorded maximum of 7,800 cubic meters per second, as
mentioned in the first paragraph above.

3.3.2

Water levels, depths, and velocities of flow

Definitive information on water levels and depths of flow in the Barak River are scarce in
documents available at time of writing. Reportedly, there were 18 years of high floods between
1912 and 1987 – an average frequency of about once every four years. It is perhaps reasonable to
suppose that these represent floods that rose significantly above a bankfull condition. Reference
has also been made to an apparently record flood of 1929 that produced a water level of
approximately 23 meters above mean sea level at Silchar, about halfway across the Cachar
Plains, when the railway station was inundated to a depth of 1.5 meters and people lived on
housetops and trees for days.
It was further reported that in the decade 1976–1986 there were five floods above danger level –
an average frequency of once every two years. Comparing with the 1912–1987 period
mentioned above, this may indicate an increasing frequency of damaging floods.
Where the river enters Bangladesh, the elevation of the floodplain is approximately 16 meters
above mean sea level. Adding 6 meters for the drop across the plains, the floodplain elevation at
Lakhipur is likely to be approximately 22 meters. At Silchar it might be about 19 meters. A flood
elevation of 23 meters at Silchar would therefore seem be about 4 meters above floodplain level,
but probably somewhat less above the tops of the natural riverbanks.
It appears that there has been a slight increasing trend of flood levels in recent decades, but it is
unclear whether this is due to increasing river flows or the constricting effect of flood
embankments. At Silchar, about halfway across the Cachar Plains, levels are said to have risen
by 0.7 meters over the period 1966–1986, but the corresponding discharges are not indicated. It
is also said that the effects of embankments in terms of river (morphologic) response are
considered to be small. For the adjacent northeast region of Bangladesh, reports indicate that
through the 20th century there was a significant increase in regionally averaged annual rainfall,
and there is speculation on possible future intensification of floods and droughts as a result of
climate change.
In the Surma River not far inside Bangladesh territory, maximum water level (presumably in an
average year) is approximately 15 meters above mean sea level and the minimum is about 4.5
meters. The mean annual maximum depth of flow might be estimated as about 12 meters.
Similarly, in the Kushiyara River maximum and minimum levels are approximately 11.5 and 4
meters above mean sea level, with an estimated mean annual maximum flow depth of about 8
meters. On the basis of these figures, it seems reasonable to assume that mean annual maximum
depth of flow on the Barak above the bifurcation would be around 12 meters.
Assuming a gradient of 0.047 meters per kilometer, a depth of 12 meters, and a boundary
roughness coefficient (Manning n) of 0.024, the computed depth-averaged velocity is
approximately 1.5 meters per second. Assuming a vertically averaged width of 300 meters, the
bankfull discharge would then be 300 x 12 x 1.5 = 5,400 cubic meters per second, close to the
5,600 cubic meters per second estimated as mean annual maximum in the first paragraph of
section 3.3.1 above. Average velocities under overbank conditions would be slightly higher.
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Near the outer banks of channel bends and at constricted sections they probably reach 2 meters
per second or more.

3.4

Sediment transport

The only sediment capable of being transported in substantial quantities by the Barak River
consists of fine silt and clay particles in suspension. Reported suspended sediment
concentrations are fairly low in a general context. It is reasonable to assume that most of the
Barak's suspended sediment is carried through to the Surma and Kushiyara Rivers in
Bangladesh, except for relatively small amounts deposited on channel banks during falling
stages and on the floodplain under overbank flow conditions.
Available information suggests suspended sediment content that converts to a concentration of
about 700 part per million by weight, but it is not clear under what flow conditions.5 A higher
content converting to about 1,650 parts per million by weight is quoted for a flood discharge at
Lakhipur of about 3,700 cubic meters per second, which probably represents bankfull
conditions or higher. The lower value of 700 parts per million may be for ordinary or average
flow conditions.
It is not clear for what period of years the above figures apply. Elsewhere it is stated that soil
erosion from hill areas has greatly increased in recent years, in which case an increasing trend in
river sediment concentrations would be expected.

3.5

Flooding

3.5.1 Causes of flooding
On the basis of various documents consulted, it appears that historically the principal causes of
flooding on the Cachar Plains have been as follows:
•

Overflooding from high flows in the Barak River, both directly and by backup in
tributaries

•

Overflooding from high flows in tributaries from the Meghalaya Hills to the north and
the Tripura Hills to the south

•

Heavy rainfall on the plains, combined with insufficient slope for depressional areas to
drain by gravity to the river systems, even when river levels are relatively low

•

Obstruction of natural drainage by road and railway embankments and other
infrastructural features.

Some sources indicate that flooding problems have increased gradually from the mid-19th
century, partly because of deforestation in the headwaters, increased construction of road and
rail embankments and bridges, and encroachment of agricultural activity on haor areas. It is
said that in the first stage of a major flood, water from the Barak (or, at the west end, from the

5

This value is based on notes taken while scanning the Barak subbasin report of the Brahmaputra master plan.
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Kushiyara) backs up into haors, then in a second stage the Barak spills. Depths of water in
agricultural areas can apparently reach 3 to 4 meters in severe floods.6

3.5.2

Measures in place to control flooding

The problem of overflooding from the Barak and its tributaries has been addressed mainly by
extensive construction of embankments along the riverbanks, mostly over the period 1954–1984.
Design standards apparently call for 25-year protection for agricultural land and 100-year
protection for towns. Most embankments are located close to the riverbanks and are therefore
susceptible to damage or failure due to river processes such as bed scour and channel
migration. Efforts have been made to resist erosion at susceptible locations using spurs in rural
areas and revetments or flood walls in urban areas.
The problem of draining floodwater resulting from river overflooding or generated by internal
rainfall has been addressed to some extent by constructing or improving drainage channels
leading back to the rivers, intended to function when river levels are comparatively low. These
channels are generally provided with sluice gates that can be closed to prevent water backing
up from the river when river levels are high, but it is alleged that many sluices have inadequate
capacity when open. However, the real problem may be lack of sufficient gradient.

3.5.3

Other proposed flood management measures

Various measures have been proposed to assist the population to accommodate to flooding and
flood emergencies, for example provision of raised residences and emergency platforms, and
more organized and extensive use of watercraft for flood relief, medical support, and transport.
However, with respect to as yet untried physical measures for flood management, the only
possibilities meriting further consideration seem to be (a) upstream storage reservoirs to reduce
peak flood discharges; (b) river channel improvements to increase hydraulic capacity and lower
flood stages; and (c) pumping of water from areas than cannot drain by gravity.

Upstream reservoirs
Considerable study and planning has been conducted for an upstream multipurpose dam and
reservoir at Tipaimukh in the Tripura Hills. The dam would be approximately 160 meters high
and allegedly would have mitigated 75 percent of the major floods in the last 50 years. Apart
from flood control, benefits of this project would include an installed hydroelectric capacity of
1,500 megawatts and increased dry-season flows for irrigation purposes. Although the project
has been mooted for some time, it has been stalled by difficulties between India and Bangladesh
over potentially adverse downstream effects, of which a major one is reduction of dry-season
flows by irrigation diversions in Assam. A reasonable agreement on apportionment would
seem to be of potential benefit to both countries.
According to Flood Action Plan 6 (FAP 6), the Bangladesh northeast water management plan,
flood regulation by the Tipaimukh dam would reduce flood peak flows entering Bangladesh by
about 25 percent and would reduce peak water levels by about 1.6 meters. These flood control
benefits appear significant but not dramatic, and unlikely to eliminate a need to retain
embankments.

With respect to upper basin deforestation, there seems to be a need to clarify the extent and severity of this problem,
and to investigate temporal trends in river flood flows if sufficient discharge data are available.

6
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Proposals have also been made for two other dams on tributaries of the Barak.

River channel improvements
Theoretically it is possible to reduce flood stages in a river by steepening its gradient or
enlarging its cross-sectional area. However, in rivers transporting significant quantities of bed
material, such improvements tend to be temporary because they are gradually nullified by
deposition and infilling as the river attempts to regain its natural regime.
In the case of the Barak, it appears that bed material transport is quite low, so that channel
improvements might last for a considerable time before requiring repetition. Detailed technical
studies would be required to determine the feasibility of this approach and its benefits in terms
of reduced flood levels.
The hydraulic slope along the Barak could be significantly increased through shortening the
present contorted channel pattern by means of artificial meander cutoffs, such as was done on
the lower Mississippi River in the United States in the 1930s and 1940s. However, it seems
unlikely that such a program could gain acceptance, because of attendant disruption to existing
property and land uses. Also, it might lead to complaints of downstream effects in Bangladesh.
Because of the very low slope of the Barak and its bifurcation at the Bangladesh border,
deepening of the channel would probably be of little if any benefit. Widening could
significantly increase hydraulic capacity, but would have adverse impacts on property and
existing embankments.

Pumping
There are probably substantial areas where pumping offers the only possibility for timely
disposal of floodwater. Pumping has been mentioned briefly in previous reports, with the
comment that it might be economically viable for towns. If plentiful electric power were
available from a future Tipaimukh project, some pumping might be feasible. In such a case,
energy provided by falling water at the upstream site would be used to lift downstream water
from depressional areas back to the river.
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4.

Flooding and related costs

4.1

Significance and causes of flooding

A large part of Assam is naturally subject to frequent and extensive flooding, especially from
the Brahmaputra and Barak rivers. Despite extensive efforts, mainly in the 1950–1970 period, to
control flooding by the construction of embankments alongside rivers, disastrous flooding with
loss of life and property continue to affect large segments of the population, to impoverish
many, and to discourage investments that could generate employment and economic growth.
Embankments are only partially effective for numerous reasons: (a) they can contain only floods
up to a certain magnitude; (b) they usually have gaps where tributary streams enter the
embanked river; (c) they are susceptible to failure from river erosion or geotechnical instability;
(id) they are often inadequately maintained due to lack of funding; and (e) they may be
deliberately breached in order to release water impounded behind them.
With most rivers in alluvial valleys, regular overbank flooding is a natural characteristic,
because the bankfull discharge that just fills the river channel without overtopping the banks is
usually exceeded every two to five years. In the Brahmaputra, this tendency to frequent
overbank flooding may have been aggravated by two additional factors related to sediment.
First, the load of sandy bed sediment, which tends to build up the riverbed, is comparatively
high in relation to the fine-grained wash load that tends to build up the floodplain, so that (as
noted in section 2.3) the river is somewhat perched relative to the more distant zones of its
floodplain. Second, the 1950 earthquake, which delivered unusually large quantities of bed
sediment, raised Brahmaputra riverbed levels throughout Assam, by up to 3 meters at the
upstream end. However, the significance of these sediment-related factors appears far from
being clearly established.
Flooding of valley bottom lands is also caused by rainfall floods in tributaries, which may or
may not coincide with floods in the main stem rivers. Another occasional cause of devastating
flooding that may occur with little or no warning is the sudden breaching of temporary dams
formed by landslides in the upper reaches of tributaries.
Contributory factors to the flooding include inadequate maintenance of flood embankments,
excessive encroachment into vulnerable areas of the floodplain, and incomplete infrastructure.
These mainly result from insufficient funding and increasing population density.
According to information obtained from the Assam Water Resources Department, high flooding
occurred particularly in 1954, 1959, 1962, 1966, 1972, 1987, 1988, 1993, and 2004 – on average,
about once every five years. Flooded areas in Assam in those years ranged from about 1 million
hectares in 1959 to nearly 4 million hectares in 1988, but do not appear to show any clear trend.
However, the magnitude of floods varies significantly from year to year (figures 1 and 2). The
figures indicate that the proportion of total cropped area flooded was highest in 1987 and 1988,
as was the proportion of total area flooded. The average area flooded for the nine years of
highest flood was 2 million hectares or 20,000 square kilometers – equivalent to an area 400
kilometers long by 50 kilometers wide, or about 25 percent of the area of Assam.
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Figure 1. Flood-affected crop area as percentage of total cropped area
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Source: CSE 1992, p. 73.

Figure 2. Flood-affected area as percentage of total area
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Source: Discussions with and handouts from Assam Water Resources Department.

Wetlands. Wetlands, most commonly represented by beels or shallow ponds, play an important
role in the Assam valley, both in the Brahmaputra and the Barak basins. Wetlands are under
considerable pressure from agriculture and other industries and to a large extent have been
neglected. This has resulted in habitat degradation as well as a general decline in the total
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surface area of beels.7 In addition to a range of ecological and socioeconomic values, wetlands
are said to play an important role in reducing floods and erosion since they store and gradually
release water to the major rivers. Because the volumes stored in beels is probably relatively
insignificant compared to Brahmaputra flood discharges, their role in flood attenuation may not
be substantial. Nevertheless, the beels serve as a substantial source of biodiversity, provide fish
habitat, promote groundwater recharge, and support wildlife habitat.

4.2

Flood damage

The social disruption and costs associated with flooding have been rising, partly because of
increasing human occupation and associated economic activity on the floodplain but possibly
also due to increased magnitude and frequency of floods in recent years. Table 2 provides a
summary of damage trends.
Table 2. Flood damage trends in the Brahmaputra valley of Assam
Average annual area
flooded
(million hectares)
Period

Flooded crop
as % of total
inundated

Average
annual
population
affected

Affected
population
per ha of
flooded area

Average
annual damage Value of crop
lost as % of
(million
total damage
rupees)a

Total

Cropped

1953–1959

1.13

0.10

8.85

860,000

0.8

58.6

66

1960–1969

0.75

0.16

21.33

1,520,000

2.0

75.7

92

1970–1979

0.87

0.18

20.69

2,000,000

2.3

151.8

89

1980–1988

1.43

0.40

28.05

4,550,000

3.2

1,455.2

96

1999–2005

1.07

0.38

35.65

4,586,000

4.3

7,171.7

34

a

Unadjusted for inflation.

Source: Assam Water Resources Department.

To the extent that the data are reliable, table 2 illustrates a number of important points:
•

Contrary to the perceptions of some, the average annual area flooded (both total and
cropped) does not indicate an upward trend despite inclusion of the late 2004 flood in
which a total of more than 2.8 million hectares were inundated, of which almost 1.3
million hectares were cropped.

•

Cropped area as a percent of total area has steadily increased and in all probability
reflects increased cropping intensity to accommodate the food requirements of an
increasing population.

•

The affected population per hectare of flooded land reflects increasing population
density.

The Assam Bil Fisheries Corporation estimated beel areas to be about 100,000 hectares in 1970. Rashtriya Barh Ayog
1980, Report Volume 1, reported the area under beels at 49,000 hectares. A subsequent study by D. C. Goswami and
P. Sharma in 1988, Waterlogged Lands in Naogaon District Assam: A Study in Environmental Geomorphology, stated that
there were approximately 1,600 such water bodies covering 35,630 hectares.

7
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•

Despite significant increases in the reported average annual damage due to flooding in
the period from 1999 to 2005, the value of crop lost as a percentage of this total damage
has fallen to 34 percent from a high of 96 percent in the 1980s. This probably reflects the
value of increased economic activity and better infrastructure.

The reported average annual damage sustained over the past five years is about US$163 million.
Table 3 presents several scenarios that provide an indication of the scale of funding that could
be economically justified to address this problem.8

Table 3. Justifiable capital expenditure for corresponding % reduction in average
annual flood damage
Reduction in annual
average flood damage

Justifiable capital expenditure
(US$ million)

100%

973

50%

575

25%

287

Erosion. The foregoing analysis does not take account of losses resulting from a related calamity
– erosion. The estimated area of 386,000 hectares eroded since 1954 has reportedly affected more
than 90,000 families and about 2,500 villages, and translates into an annual erosion rate of about
8,000 hectares. The present value of the foregone production on the 386,000 hectares amounts to
something in the order of US$790 million, and this does not include the social costs.9

4.3

Flood relief

In response to flooding between fiscal years 1983 and 1987, six of the eight northeastern states
sought flood relief from the central government amounting to US$195.5 million and received
assistance of US$36.1 million. The flood-prone area in these states was estimated to be
3.6 million hectares (table 4). Assam, which contained 88 percent of the flood-vulnerable area,
sought and received assistance amounting to 77 percent and 72 percent respectively of the
totals. Between 1999 and 2004, when average annual flood damage in Assam was estimated at
US$163 million, the allocation of the Central Relief Fund averaged US$21 million.
Relief is at best a short-term response to the flooding and certainly not a desirable longer-term
solution. The difference between the level of assistance sought and assistance granted is a
compromise resulting in part from disagreements over the assessment of damage, in part
because of a general shortage of financial resources, and in part political. Nevertheless, the need
for substantial postflood relief is a reflection of the technical difficulty of managing flooding and
erosion and the failure to provide appropriate levels of relief further punishes the victims.

8

This analysis represents a crude estimate of foregone marginal productivity assuming that (a) economic value of
crop losses are 85 percent of their market value; (b) economic value of property losses are 50 percent of the market
value; and (c) the discount rate is 10 percent with a period of 35 years.
9

Based on loss of production in an area that increases by 8,000 hectares per year over a period of 50 years. Assumes
yields of 1.5 metric tons per hectare, and interest rates of 10 percent. The cost of 1 metric ton of unmilled rice is about
US$165.
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Table 4. Central flood assistance sought and received and area affected
Ceiling approved
by central
government
1982–1987
(million US$)

Maximum flood
area affected
1953–1984
(million ha)

Assistance sought
1982–1987
(million US$)

Assam

3.15

150

26

Meghalaya

0.02

5.3

1.9

Manipur

0.08

4.4

0.9

0

1.4

0.2

Sikkim

0.02

24.0

3.1

Tripura

0.33

10.4

4.0

Totals

3.6

195.5

36.1

State

Nagaland

Source: CSE 1992.
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5.

Flood management

5.1

History

While there were ancient historical precedents for the practice of constructing flood protection
embankments in India, systematic nationwide flood protection programs were initiated only
after independence. Prior to independence there were some 5,000 kilometers of embankments,
mostly in two regions: about 3,500 kilometers in the Sundarbans and 1,200 kilometers along the
Mahanadi in Orissa. During the imperial period, committees were appointed from time to time
to look at flood problems; with respect to Assam, these committees reviewed the flood problem
in 1929, 1934, and 1947. However, recommendations are generally considered to have been
based on an inadequate understanding of Brahmaputra River behavior and were rarely
implemented.
Following independence, the first plan (1951) moved conceptually away from embankments
towards large dams intended to store floodwaters. However, none of these initial dams were
conceived for the Brahmaputra or its tributaries.10 Assam experienced severe flooding in 1954,
which resulted in formulation of a three-pronged flood strategy.11 As an immediate step,
selected towns and other priority areas were to be afforded protection through the construction
of new flood embankments. At the same time, technical investigations were initiated on
extending existing embankments, improving drainage channels, raising villages, and protecting
towns. The intended long-term strategy was to construct dams and additional embankments
wherever necessary.
Within several years of formulating the 1954 strategy, and before implementation had
proceeded very far, it was increasingly recognized that more work was needed in the areas of
watershed management programs and flood warning systems. Also, the appropriateness of
embankments as a flood protection measure was called into question because of perceived
problems such as confinement of flows, which increased flood levels and reduced natural
drainage, with accompanying waterlogging. In 1958 the Government of India stated that “the
various flood control measures either executed or visualized should not lead to the wrong
impression that complete immunity from flood damage is physically possible in some distant
future. Any such illusion has to be dispelled.”
In 1964, a ministerial committee on flood control was constituted to assess progress since
adoption of the 1954 policy statement. This committee suggested increased attention to flood
management methods such as minor storages, interbasin diversion of river waters, flood
warning, flood forecasting, floodplain zoning, flood insurance, and soil conservation. The
committee considered that these measures, integrated with the construction of large
multipurpose dams, would provide the most comprehensive approach to managing floods and
mitigating their impact. A subsequent ministerial committee in 1972 reinforced these opinions,

The first dams were conceived on the Damodar, Mahanadi, and the Kosi. However, the proposed dam on the Kosi
was considered too close to the epicenter of an earlier major earthquake so Nepal remained relatively unenthusiastic
and this project was shelved at that time.

10

None of the other states experiencing flooding in 1954 were in the Northeast but included Uttar Pradesh, Bihar, and
West Bengal.
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but noted that flood moderation as opposed to power generation should be afforded a higher
priority on multipurpose dams if the flood management objectives were to be achieved.
In 1978, a new working group on flood control reiterated previous arguments but also
recommended that flood-affected states should prepare master plans for each river basin. This
group further noted that although embankments were providing a certain degree of protection
at relatively low cost, the effects of embankments on river regime were not well understood.
Throughout the more than three decades during which flood management policy was evolving,
necessity dictated that physical interventions continued. Despite well-founded concerns over
embankments, they were in fact the only reasonably cost-effective measure that afforded
protection from lesser floods, and their construction went on practically unabated in the
Brahmaputra and Barak basins of the Northeastern Region (table 5).
Table 5. Northeastern Region flood management infrastructure by state
Status of large dams (1986)

Embankments
completed to
1987 (km)

Area protected
(million ha)

Completed

Under
construction

..

..

..

..

4,448

1.56

1

1

Manipur

279

0.08

..

..

Meghalaya

106

0.09

3

..

Mizoram

..

..

..

..

Nagaland

..

..

..

..

Sikkim

..

..

..

..

Tripura

114

0.03

..

..

State
Arunachal Pradesh
Assam

. . Zero or insignificant.
Source: CSE 1992.

As work on flood management infrastructure progressed, it became apparent that erosion
control was inextricably linked with flood management, since embankments that were intended
to reduce overbank spill were being destroyed by river erosion. At the same time, drainage
improvements were required to accommodate problems created by embankment construction.
The significant investment in infrastructure over the almost six decades in the Brahmaputra and
Barak basins therefore included measures to control flooding, improve drainage, and reduce
erosion.

5.2

Institutions

There are a large number of organizations that are involved in planning for and managing
floods and the impacts of floods. These are located both within the central government and the
state governments. Also involved are nongovernment entities, including insurance agencies.

5.2.1

Central government institutions
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Key among the central government organizations directly involved in flood management and
flood response are:
•

The Planning Commission, which is tasked with assessing national resources,
augmenting deficient resources, formulating plans for the most effective and balanced
utilization of resources, and determining priorities.

•

The Ministry of Development of North Eastern Region (MoDONER), which has a
mission to accelerate socioeconomic development in the region by synergizing the
efforts of the various stakeholders. MoDONER also assists in designing policy affecting
development in the region. The North Eastern Council, chaired by the Minister of
Development of North Eastern Region, is an important entity of the ministry and acts as
an advisory body to ensure balanced socioeconomic development of the northeastern
areas.

•

The Ministry of Water Resources, which is responsible for policy, programs,
development, and regulation of the country's water resources. Within the Ministry of
Water Resources, there are a number of significant agencies directly related to flood
management activities in the Northeast, including the Central Water Commission, the
National Institute of Hydrology, and the Brahmaputra Board.

•

The Central Water Commission, which manages hydrometeorological data collection,
prepares flood forecasts, undertakes surveys, analyzes data, and prepares detailed
project reports. The Central Water Commission has 13 regional offices, one of which is
located in the Northeastern Region at Shillong.

•

The Brahmaputra Board, which was perhaps intended to have the most significant
central government function in the region’s water management, has a range of
responsibilities, including:

5.2.2

o

Conducting surveys and investigation in the Brahmaputra valley

o

Preparing a master plan for the control of floods and bank erosion and improvement
of drainage in the Brahmaputra valley, taking into account irrigation, hydropower,
navigation, and other beneficial uses, and indicating, as far as possible, the works
and other measures that may be undertaken for such development

o

Preparing detailed project reports and cost estimates for dams and other projects
proposed in the master plan

o

Establishing standards and specifications for the construction, operation, and
maintenance of such dams and other projects

o

Constructing multipurpose dams and related infrastructure as proposed in the
master plan, and maintaining and operating this infrastructure, all with the approval
of central and state governments

o

Preparing phased programs for the construction of all projects proposed in the
master plan, in consultation with the concerned state governments.

State institutions

Planning and implementation of specific water management interventions and specific local
initiatives became the responsibility of the individual states following the Government of India
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Act in 1919.12 Subsequently, each state
established its own institutional framework for
managing water resources in accordance with
the water management issues they were facing.
In the Northeast, Assam established a Water
Resources Department to deal with responses to
erosion and flood management throughout the
state. An Irrigation Department was also
established and an Irrigation Act promulgated
in 1983. To manage impacts of natural disasters,
including floods and earthquakes, a disaster
management cell was established within the
Revenue Department of the Government of
Assam.
Arunachal Pradesh, Nagaland, and Meghalaya
have irrigation and flood control departments.
In Tripura the Public Works Department takes
care of flood and irrigation-related issues. Issues
Photo 1. Porcupine field to promote accretion
related to power development are treated
through separate power departments in Arunachal Pradesh and Nagaland.

5.3

Flood management assets

The existing infrastructure in Assam includes about 4,500 kilometers of embankment (including
about 700 kilometers along the Barak River), 85 major regulators (sluices), 850 kilometers of
drainage channels, and more than 680 structures to manage erosion, including spurs,13
porcupine fields (photo 1), and revetments.14 The replacement value of the existing
infrastructure is estimated at something over US$1,000 million (table 6).

5.3.1

Embankments

Embankments are generally constructed with 1V:2H side-slopes and with crest levels designed
to accommodate floods with a 25-year return period plus freeboard. Around cities or other
economically important infrastructure, the crest level is raised to accommodate floods with a
100-year return period. The embankments extend along substantial lengths on both banks of the
Brahmaputra, as well as along selected reaches of tributary rivers flowing from both the north
and the south.15

12
Through this act, irrigation became a state responsibility and the role of the central government was to advise,
coordinate, and settle conflicts on interprovincial rivers.
13
Groin or spur dike: An obstruction of stone, timber, brushwood, or earth constructed from the bank of a channel
and projecting into it for training the flow (ASCE Task Force 1962).

Revetment: A type of bank protection which covers continuously the entire slope of a bank or an embankment,
including the portions extending far into the riverbed, to keep the bank from receding landward owing to erosion
(ASCE Task Force 1962).
14

15

The Brahmaputra River, if fully embanked, would only account for about 1,300 kilometers.
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Table 6. Quantity and
estimated value of existing
flood management
infrastructure and related
assets

Infrastructure

Quantity

Embankments

4,500 km

Revetments

Photo 2. Human settlements on embankment crest
Unit cost
Replacement cost
(US$)
(US$)

25 km (est.)

225,000

1,012,500,000

1,700,000

42,500,000

Land spurs

7

1,800,000

12,600,000

River spurs

18

1,250,000

22,500,000

Drainage channels
Total

1,090,100,000

Source: Discussions with representatives of the Assam Water Resources Department.

The embankments in many locations need repair. Many embankments along the Brahmaputra
River have been subjected to river erosion. Where the erosion has led to breaches, the
embankments have been retired or set back farther from the riverbank, in some cases numerous
times. Attendant consequences have included land acquisition, new embankment construction,
and impoverishment and displacement of the affected population. The embankments are also
susceptible to erosion from rainfall and from settlement due to inadequate compaction during
construction. Embankment stability is further threatened in places by dense human settlement
on the embankment crest (photo 2).
Experience elsewhere suggests that the annual cost of maintaining earthen embankments is
between 2 and 3 percent of the capital cost of the earthwork. For the embankments associated
with flood management within the Brahmaputra and Barak valleys, this would amount to
between US$20 and 30 million annually.

5.3.2

Spurs

Two types of spurs are used in Assam to direct currents away from the riverbank and thereby
protect the embankments. These are locally referred to as land spurs and river spurs. Land
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spurs are constructed on the floodplain and riverbank down to the low-water level,
perpendicular to and usually tied into the flood embankment. They are provided with riprap16
on the slope surfaces and a terminal rock apron placed in the river. River spurs are rock-filled
protrusions that extend well into the river perpendicular to the bankline and that are protected
with aprons at their outer ends. The aprons consist of rock-filled crates dumped for a distance
of between 30 and 50 meters in an arc around the spur head. The costs of spurs vary widely,
depending on their length and the cost of quarried rock at the time of construction.
Experience with spurs in Assam has been positive. Reportedly, there have been no failures of
spurs since 1954.17 The success of the spurs constructed by the Assam Water Resources
Department is attributable to a combination of factors, especially the use of rock in their
construction and of rock-filled crates to form elements of sufficient weight and density to resist
erosion. In addition, stockpiles of rock are maintained at spur sites. When spurs have been
threatened by erosion, they have been aggressively defended by dumping this rock where and
when needed.
A contemplated shift away from extensive use of rock spur construction to other materials such
as concrete blocks or even geotextile-filled sandbags raises concerns. Apparently, this shift is
driven by factors that include a forest department levy on contractors quarrying rock and the
fact that the rock is quarried outside Assam. Whatever the reasons, it is probable that the
extensive use of quarried rock has been a key factor in the success of the spur technology along
the Brahmaputra in Assam. Experience with spurs constructed of other materials in the lower
reaches of the Brahmaputra (Jamuna) in Bangladesh has not been encouraging.

5.3.3

Operation and maintenance budgets

The Assam Water Resources Department reported that their annual maintenance budget
allocation declined from about US$10 million in fiscal year 198518 to about US$3.8 million in
fiscal year 2005, of which US$1.4 million was provided by the state and the balance provided as
assistance from central government (Economic Finance Committee).19 The 2005 allocation was
intended to cover maintenance of all infrastructure, including embankments, spurs and
revetments, as well as establishment costs. Based on government guidelines, the Water
Resources Department fiscal year 2005 estimate for total maintenance of all infrastructure is
US$18 million; while this estimate is considerably higher than actual allocation, it is still less
than 2 percent of the capital cost of just the embankments.

5.4

Flood management issues

Riprap consists of broken stone or boulders placed compactly or irregularly on dams, levees, dikes, etc., for
protection of earth surfaces against the action of waves or currents.
16

This is in sharp contrast to the experience on the Jamuna (Bangladesh), where spurs of various designs and costs
(concrete, concrete blocks) have been constructed and all have failed within a relatively short period of time. The
exception has been permeable spurs. Because of the experience with spurs, there is now a tendency to use more
revetments, which are constructed with graded rock and provides better filter properties in the fine sediments.
Consequently this is more stable than using uniform concrete blocks.

17

18

Real terms, with an exchange rate of 1US$ = 29 Indian rupees in 1985.

19

An additional US$5.6 million was provided for specific project purposes.
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These flood management assets notwithstanding, there is considerable controversy surrounding
the efficacy of embankments as an appropriate means of managing floods in the Brahmaputra
basin. (These controversies are not new and are not unique to the Brahmaputra basin: see
Leopold and Maddock 1954, and box 1). It is alleged that devastating floods are more frequent,
that each successive flood affects a larger total area, that embankments have become a major
factor contributing to increased flooding, and that flood control measures have bred a false
sense of security that has encouraged people to encroach further into the floodplain.
Box 1. The flood control controversy
Leopold and Maddock, U.S.A., 1954: Excerpts:
• Flood control means the provision of a certain amount of protection; the public is generally unaware
that complete flood control can’t be provided.
• Major dams on large rivers exert no control over floods on upstream tributaries.
• In catastrophic floods, land management measures have negligible effects.
• Inadequate plans encourage rapid development in risky areas and lead to self-expanding projects.
• Benefit-cost computations are tenuous, depend on estimating future damages, and tend to
overestimate benefits and underestimate costs.
• Major dams involve displacing populations and destroying productive land. Project benefits occur in
one location and disbenefits in another, creating discord.

Largely because of these issues associated with the embankments, analysts studying options to
increase security from flooding have tended to recommend the construction of large
multipurpose dams. Proposed dams in Arunachal Pradesh on the Dihang and Subansiri rivers,
with live storage capacities of 35,500 and 10,600 million cubic meters respectively, would
generate enough power for all the northeastern states. The Dihang dam is expected to reduce
flood peaks at Pandu by up to 1.75 meters and the Subansiri dam by a further 0.15 to 0.40
meters. Control of a further 22 tributaries is also considered possible with analysts initially
focusing on seven of these.
Based on rather limited information, the following observations may be relevant:
•

While admittedly there are differences in hydrological characteristics between the lower
Brahmaputra in Bangladesh and the upper river in Assam, data for the Brahmaputra in
Bangladesh provide no statistical evidence that the frequency of major flooding has
increased over the last 120 years (Hofer and Messerli 1997).

•

Evidence is cited that overbank stages have become higher, but it is difficult to decide
whether the cause is the sediment wave that moved down the Brahmaputra following
the 1950 earthquake, the confinement effect of the embankments, or some other cause.

•

Embankments generally serve to contain normal floods while failing to prevent
abnormal floods. Thus they reduce the beneficial effects to agriculture of shallow
flooding (Hughes, Adnan, and Dalal-Clayton 1994).

•

The mean annual flow volumes in the Dihang and Subansiri rivers are in the order of
180,000 and 55,000 million cubic meters. Thus the live storage of the proposed dams on
these rivers amounts to about 20 percent of mean annual inflows. The Dihang live
storage would amount to about 30 percent of a typical four-month monsoon flow
volume from June through September.
35

•

The average annual suspended sediment load in the Dihang River is about 130 million
metric tons or 80 million cubic meters. Comparing this with storage volumes, reservoir
sedimentation does not appear to be a serious problem, unless very much greater
sediment inflows resulted from another earthquake.
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6.

Future development considerations

6.1

Existing plans

6.1.1 Introduction
A 1978 working group recommended that basin master plans be prepared for the Brahmaputra
and its tributaries. Subsequently, in 1995, a master plan was completed for the main stem of the
Brahmaputra. So far, of 51 major tributaries, subbasin plans have been completed for 41. A
superficial scan of the documents indicates that they contain substantial amounts of detailed
hydrotechnical and hydrogeological data and analysis, that they have brought together
information from various related sectors such as fisheries, agriculture, navigation, energy, water
supply, and sanitation, and that they have developed approaches and strategies aimed at
comprehensive management of water resources in the basin.

6.1.2

Brahmaputra master plan: Summary of main stem flood-related strategy

What follows is a brief summary of the Brahmaputra master plan strategy. The plan appears to
address the various flood issues and strategies under selected disciplines (hydrometeorology,
geology, flooding, erosion, and flood proofing) and also under solutions (embankments,
drainage, navigation, irrigation, hydroelectric, and storage dams). Comparisons with similar
measures on the Indus River in Pakistan are instructive (box 2).

Box 2. Indus river basin In Pakistan: Control of flooding and erosion
The lower Indus River in Pakistan collects flows from the five rivers of the Punjab and flows into the
Arabian Sea east of Karachi. As in the case of the Brahmaputra in Assam, the Indus basin is strongly
affected by seismicity, continuing uplift, and active erosion in the Himalaya. The lower river is perched
above the surrounding floodplain, and its bed levels apparently continue to rise even though upstream
dams have temporarily reduced sediment inflows.
Starting in the 19th century, extensive works have been constructed in the basin to control flooding and
erosion. These include approximately 5,000 kilometers of flood dikes or levees (known as bunds in
Pakistan), spurs with riprapped ends to protect the levees, and two large dams (Tarbela and Mangla) on
upstream tributaries. The system of levees and spurs appears comparable to current practice in Assam.
The lower Indus is diked all along its length except where there is adjacent high ground, but the dikes
there are mostly backed up with secondary dikes rather than being protected with spurs.
The reservoirs behind the two large dams (which were implemented basically for hydropower
production) have largely filled with sediment within a few decades of construction. This enforces runof-the-river operation and nullifies their usefulness for flood control. Sediment removal is not
economically feasible. it appears that past project planning largely neglected sediment-related issues. A
new sediment-trapping dam farther upstream has been proposed as a means to extend the life of the
Tarbela reservoir. Similar consequences to those experienced in Pakistan could probably be expected
from dams on north-side Brahmaputra tributaries in Assam.

Hydrometeorology. To improve data quality and quantity and to strengthen the analysis of
hydrometric data, the plan identifies the need to (a) extend the rain gauge network; and (b) to
modernize data collection equipment and computational tools.

37

Chapter 6: Future development considerations
Geology. The plan recommends (a) installation of microearthquake recording stations; and (b)
seismic studies in coordination with the Geological Survey of India.
Floods. To reduce flood damage potential, floodplain zoning is proposed. This would be
coupled with basinwide flood forecasting and improved communications systems.
Erosion. To mitigate the effects of erosion, it is proposed to:
•

Undertake further studies of river behavior

•

Include more physical modeling to better understand river response to proposed
interventions

•

Examine in more detail the effect of various antierosion measures

•

Strengthen watershed management measures

•

Construct effective antierosion measures at strategic points along the river

•

Strengthen antierosion measures at Majuli Island and at other densely inhabited points
along the river.

Flood proofing. Proposed flood proofing measures include:
•

Resuscitating primary and secondary drainage channels

•

Providing additional waterways

•

Improving, repairing, or upgrading (to automatic) gates as required

•

Raising village roads to preserve communication routes

•

As emergency measures: (a) ensuring availability of uncontaminated drinking water; (b)
supplying temporary shelters; (c) providing secure storage facilities for food grains; and
(d) constructing raised platforms.

Embankments. The plan proposes that existing embankments be strengthened and raised and
that embankments at urban and other strategic locations be designed to a more robust standard.
It is also noted that careful study should precede closing any gaps in the embankment since
drainage problems are a likely outcome. However, plan analysts indicate concern as to the
effectiveness of embankments and further suggest that unless flood control systems included
reservoirs, alternative (to embankments) measures should be pursued. The nature of these
alternatives is not presented.
Drainage. The plan calls for a review of the waterway opening area under bridges and through
culverts and regulators to ensure adequate drainage, and the adoption of design criteria such
that the waterway area is twice the design discharge and that spills are incorporated.20 It further
calls for enforcement of the Assam Embankment and Drainage Act (1962), which sets out
regulations associated with encroachment. The plan specifies that beels should not be
completely drained and that they should be used for fish culture.
Navigation and hydroelectric potential. The plan recommends that both navigation and
hydroelectric development be promoted and follows on with a supporting rationale.

20

The waterway opening area is the area between the design flood level and the channel bed level.
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Irrigation. The plan notes that jhum agriculture is problematic from an environmental
perspective and suggests that this practice be discouraged in Meghalaya, Nagaland, and
Arunachal Pradesh through alternative development of land and water resources. The latter
would include investigating perennial tributaries to see to what extent run-of-the-river
irrigation systems could be put in place and, where practicable, groundwater development
should be carried out in parallel with surface water development. The plan proposed new
medium and major irrigation schemes with a command area of about 220,000 hectares; some of
this area would be an integral part of proposed multipurpose storage dams.
Storage dams. The plan proposes that the more certain long-term measures for managing
floods will be the construction of multipurpose reservoirs on major tributaries of the
Brahmaputra. These tributaries would include the Dihang, Subansiri, Lohit, and Pagladiya
rivers. A multipurpose dam on the Barak at Tipaimukh is also proposed.

6.1.3

Assam Water Resources Department flood management strategy

In general, the strategy of the Assam Water Resources Department is consistent with that of the
Brahmaputra master plan. However, since the department needs to respond to events as they
occur, it proposes short-term measures that are more specific than in the longer-range planning
horizon of the master plan. The department strategy includes both nonstructural and structural
measures, and the structural measures are divided into immediate, medium-term. and longterm measures.

Nonstructural measures
Nonstructural measures in the department’s strategy consist of (a) improving flood forecasting
systems, mainly by installing Doppler radar weather station(s) for the northeast region;21 (b)
installing instrumentation to provide real-time rainfall data; (c) floodplain zoning; and (d) flood
insurance.

Short-term measures
In response to the flooding that occurred in 2004, the following short-term measures have been
identified as priority in the Brahmaputra valley:
•

Plugging some 350 breaches in the embankments along the Brahmaputra and tributary
rivers

•

Repairing damaged sections of the embankments

•

Restoring the Beki River to its original channel following the avulsion that resulted from
a natural dam breach in Bhutan

•

Constructing raised platforms in flood-prone areas of the valley as refuges.

Short-term measures have also been identified to address flood issues in the Barak valley in
southern Assam, and include:

India has experience with the proposed Megha 2700 Doppler radar system in Bangalore, where there is an existing
station managed by the Indian Space Research Organization. Data that such a station would provide include
characterization of weather systems, early detection of severe weather events such as cyclones and thunderstorms,
and quantitative estimates of precipitation intensity, areal rainfall rates, and rainfall accumulation.

21
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•

Raising and strengthening embankments in and around Silchar town (19.7 kilometers)
and in Hailakandi District (22.4 kilometers)

•

Constructing new embankments in Hailakandi District

•

Constructing antierosion measures for about 2 kilometers on the left bank of the Barak
River and along Katakhal

•

Constructing new regulators with a total waterway area of about 130 square meters and
improving 14 existing drainage regulators.

Medium-term measures
The proposed medium-term measures are fundamentally an extension of the short-term
measures and aim to fortify the present embankment systems in both the Barak and
Brahmaputra valleys, extend measures to reduce erosion and river training, improve drainage
at major towns and waterlogged areas, and dredge selected reaches, usually at tributary outfalls
in the main rivers.

Long-term measures
As in the Brahmaputra main stem master plan, the long-term solution to flood management is
considered to be the creation of reservoirs on the main tributaries through the construction of a
number of multipurpose dams. The projects identified by the Assam Water Resources
Department are:
•

Pagladiya dam project

•

Tipaimukh dam project (Barak River)

•

Subansiri dam project

•

Dihang dam project

•

Kameng dam project

•

Lohit dam project

•

Dibang dam project

6.2

Strategy considerations

6.2.1

Preamble

The existing plans and strategies to improve water resource management in general, and flood
management in the Assam valley in particular, reflect the outcome of considerable and careful
analysis of available information. Clearly there are difficult issues associated with any of the
proposed solutions that relate to the sheer scale, the hydrotechnical complexity, and the difficult
physical terrain associated with the river systems in the Northeast. The discussion below raises
some generic issues associated with proposed strategies. However, the information available to
this study at this point in time is by no means sufficient to draw definitive conclusions, or even
to suggest a best alternative.

6.2.2 Consultation
The master plan and subbasin plans are not available in the public domain and it is not clear to
what extent, if any, there was meaningful public input to the various critical issues that the
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plans involve. Given the reported difficulties associated with obtaining access to raw data and
the general inaccessibility of the completed planning documents, it is unlikely that there is
significant public awareness of, let alone support for, the plans that have been prepared.
The Brahmaputra and Barak, however, are both international rivers and this is probably a
contributing factor to the lack of transparency. Nevertheless, experience elsewhere has clearly
demonstrated that where local stakeholders have not contributed in a significant way to
resolving issues associated with management of a key resource such as water, they become
adversaries of the development process – particularly where plans, once implemented, cannot
or do not meet expectations. This is particularly acute in the case of flood management or flood
control, where these terms mean the provision of a certain amount of, but not total, protection.

6.2.3 Agriculture and land use adaptation
The plan could benefit from more consideration of policy options to promote adaptive land use,
particularly with respect to agriculture. In practice this would involve shifting agriculture
production systems to the rabi (boro rice) and kharif I seasons, relying heavily on groundwater
development and thereby reducing reliance on the kharif II season, when crops are most
susceptible to flooding. Floods will not be eliminated, and as populations in the Northeast
continue to expand, alternative measures are needed to ensure stable incomes and food
production.

6.2.4

Climate change

It is not clear to what extent climate change has been incorporated into the plan analysis. An
assessment of the implications of climate change for hydrological regimes and water resources
in the Brahmaputra basin using scenarios developed from the Hadley Center model simulations
indicates that, by the year 2050, the average annual runoff in the Brahmaputra River will decline
by 14 percent. Studies have also indicated that the impact of snow melting in the high
Himalayas will increase flood discharges in the Himalayan catchments (IPCC 2001). Singh
(1998) suggests that an increase in surface temperatures will lead to a rise in the snow line,
increasing the risk of floods in northeast India during the wet season.
Climate change is likely to have extensive impacts on the land-water system. A key adaptation
measure is the need to incorporate climate change in long-term planning. Dealing with existing
climate variations through good construction quality and strengthened operation and
maintenance is also good preparation for dealing with climate change.

6.2.5

Broadening the information base: Nonstructural measures

Research and monitoring
The rehabilitation of flood control embankments and the location and design of spurs and other
erosion management structures would be facilitated with improved measurement of basic river
processes, contributing to better analysis and a more complete understanding of river behavior.
This would involve increased financing for such equipment as differential global positioning
systems combined with echo sounders for improved bathymetric surveys; hand-held global
positioning systems to undertake float tracking to document and map changes in current
vectors; and an acoustic Doppler current profiler (ADCP) for discharge and flow measurements,
which is particularly useful for morphological investigations as it provides insight into where
flows concentrate and their direction.
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Satellite image-based morphological studies
Sequential satellite imagery can provide an accurate perspective on changes to river banklines,
both temporally and spatially. As an initial step there is a need to more carefully analyze and
map these changes to (a) provide a reliable database of river movement; (b) provide an
indication of erosion risk along the river; and (c) indicate trends (whether the erosion is
accelerating or decreasing).
To undertake the initial step, imagery would need to be obtained that has a reasonable
resolution and that dates back several decades. Based on preliminary investigation, Landsat
images appear to be the best option and would need to be procured from various vendors
(figure A-4). The methodology would involve generating three sets of mosaic images using the
identified images of 1972–1973, 1993–1994, and 2002–2003. The first set of images would be
georeferenced using an image mosaic of the area as a reference. The other sets would be
coregistered to the first georeferenced set. Using digital image classification techniques each set
of images would be classified showing land, water, and sand classes of the study area. The
bankline would be digitized from the images; channel migration maps prepared using the three
sets of images; and bankline erosion and accretion maps prepared. The resulting images would
enable bank erosion and accretion processes, and their magnitude and direction, to be studied.
A follow-on step would be to develop, on a systematic basis, morphological prediction tools
based on satellite imagery, leading to an assessment of erosion vulnerability. Based on this
analysis, investments in bank and embankment protection can be applied in a proactive
manner.

6.3

Discussion of key issues

A number of key technical issues related to flood and erosion control emerge from this
exploratory study and are discussed briefly below. Because of the very limited amount of
accessible information, it is difficult to know whether these issues have been adequately
addressed in previous studies.
Levels of flood protection. It would seem appropriate to establish minimum levels of flood
protection, in terms of expected frequency or probability of overtopping, for different categories
of land or property requiring protection, for example agricultural land, villages, and larger
towns or cities. The population should be made fully aware of the limitations of flood
protection, and of planned emergency measures to provide warning and protect life when
larger events occur.
Hydraulic consequences of embankments. Using historical river discharge and water-level
data, efforts should be made to establish whether, as alleged in some documents, existing
embankments have in fact raised flood levels by eliminating overbank spill and confining flood
flows within the boundaries of the river itself. Attention should be given to the consequences of
further extending the embankment system, both within Assam and downstream in Bangladesh.
Consideration should also be given to relevant experience in Bangladesh. Regardless of the
findings, removal of existing embankments does not appear to be a realistic option.
Feasibility of proposed storage dams. The contemplated multipurpose dams on the Dihang
and Subansiri rivers are extremely high and appear to be located in a seismically active region
that has experienced major earthquakes. The present report was unable to ascertain to what
extent this problem has been addressed by technical studies. The interjurisdictional problem
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associated with those dams is another question requiring investigation. The flood control
benefits of those two dams alone appear to be somewhat limited.
Landslide dams on tributaries. On some north-side tributaries of the Brahmaputra, the hazards
to life resulting from the formation and breaching of temporary dams composed of landslide
detritus can apparently be very high. The full geographical extent of this problem is not known,
but it seems to merit more documentation and the development of systems for warning,
evacuation, and perhaps controlled breaching.
Erosion control. The erosive potential of the Brahmaputra River is extremely high and has led
to frequent pulling back or retiring of flood control embankments, with adverse social
consequences. Assam has made limited efforts to avoid this by constructing spurs at right
angles to the embankments in some vulnerable locations. Observations and discussions in
Assam indicate that the methods used have been fairly successful (in contrast with experience
to date in Bangladesh) and that considerable benefits would accrue from substantial expansion
and acceleration of spur construction where embankments are under immediate or near-future
threat.
Floodplain agriculture. The National Commission on Agriculture (1976) recommended that
one way to minimize the damage from flooding is to change the cropping pattern such that the
flood season was avoided. It is not clear to what extent this recommendation has been acted on,
though a 1997 commission noted that (a) yields of rice in the northeast averaged 1.3 metric tons
per hectare, while the national average was 1.9 metric tons per hectare; (b) only 7 percent of the
rabi (winter season) crop was irrigated; and (c) the irrigable area in Assam was about 2.7 million
hectares, of which about 627,000 hectares were actually irrigated (Shukla and others 1997).
There appears to be considerable opportunity for gains in production by better adapting
agriculture production systems to the environment of the Brahmaputra valley.
Fisheries. Fish are an important source of protein in the diet of the people of the Northeastern
Region. The annual production of fish is reportedly about 170,000 metric tons, while the
estimated requirement is about 280,000 metric tons (Singh, Sharma, and Ojha 2004). From the
perspective of their contribution to groundwater recharge, their potential to moderate smaller
floods, and their role in providing fish habitat, the lack of attention to the wetlands and beels
should be of some concern.
Public participation and disaster relief. There is a need for greater public information,
education, and participation in flood and erosion control issues, and more widespread
institutional arrangements to provide shelter and livelihood for the numbers of people who are
displaced by flooding, erosion, and the retiring of embankments.
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Figure A-4. Long Section of the Brahmaputra River
Horizontal Scale
1:850,000
Vertical Scale
1:1,000
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Figure A-5. Selected Historical Imagery for bank
line assessment.
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