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CHAPTER 1
INTRODUCTION

1.1 Flood

When a region is completely or partially covered in water for several days, it can cause floods,
which can result in dangerous infections, property loss, and fatalities. Floods can pose a threat
to cities, hospitals, factories, and other structures. In areas that are prone to flooding, floods
typically happen during the rainy season, and the water level in these areas can change. Of
course, prolonged periods of heavy rain might result in flooding as water reserves fill up and
overflow into the area. During the monsoon, flooding can occur in some areas of India,
resulting in significant damage to natural habitats and human life. However, in certain areas,
floods brought on by man-made disasters can occur and result in property destruction as well
as fatalities. One of the main causes of man-made disasters can be breaking of river
embankments. Crop damage occurs when floodwater builds up in agricultural fields as a result
of these floods. More deaths and famine may result from it. As a result of the loss, several
farmers have begun taking their own lives. Both the nation's economy and human lives are at
risk from flooding. Consequently, it is imperative to take the required actions to lessen the

effects of flooding.

1.2 Flood problem in Assam :

Assam is located in the North-Eastern region of India. It share it’s border with seven Indian
states and two foreign countries i.e. Bangladesh and Bhutan. The total geographical area of
our state is about 78.468 Sq KM which is about 2.39% of total geographical area of our
country. Out of this 56,194 Sq km and 22,244 sq km falls under Brahmaputra valley and
Barak valley including three hill districts respectively. Assam provides shelter to a people of

about 2.58% of country’s total population as per the census of 2011.

The Brahmaputra valley is 80 km wide on average. One of the biggest rivers in the world, the
Brahmaputra, flows through the state of Assam. It is the third largest river in the world in
terms of discharge. The river originates in the Kailash range of Himalayas at an elevation of

about 5300 m. About 2,40,000 square kilometers of the 5,80,000 square kilometers that make



up the Brahmaputra River's entire watershed are located in Bhutan and India. The total length
of this river around 2880 km and in Assam, its length is about 640 km from Sadia to Dhubri.

As many as 64 tributaries from the north and 38 from south joins the river.

In the Barak valley, the local rainfall run off of the valley along with the adjacent hilly areas
flow through the river Barak and its various tributaries. Different tributaries of Barak river that
are originating in the hilly areas are mainly rain fed and causes flood problems when

precipitation occurs.

These two major river Brahmaputra and Barak and its major and minor tributaries have
crises-crossed the plans of both the valleys. During the monsoon season both the valley faces
the problem of floods, bank erosion and drainage congestion. In every year the state faces
several waves of flood which causes major damages to both life and property. The losses due
to flood runs into hundreds of crores in every year apart from huge damages to roads, bridges,
agricultural land and other facilities. These losses due to flood and erosion diminishes the

wealth of the state and it shows an adverse effect in the economy of the state of Assam.

Also, Assam falls under the highest rainfall intensity area of the country. The average rainfall
of this region is very high and it is around 1750 mm in the plain region and 6400 mm in the
hilly areas. High rainfall in the state and it’s the neighbouring hilly states and Bhutan causes
severe floods in Assam almost every year. A huge volume of water rushes through the narrow

bowl-shaped valley also causes severe flood and erosion in Assam.

As the state is compasses a number of rivers and tributaries and these tributaries originate
from the upper catchments and joins the Brahmaputra from a very high gradient , which
causes a very dynamic river system in the state of Assam. This extreme monsoon and the
unique physiographic setting of the basin are considered the single most important cause of

frequent flood and erosion in Assam.

Flood and erosion are the two major natural disasters which are being faced by the people of
Assam in every year. The total flood prone area of Assam is about 31,500 sq km as assessed
by the Rastriya Barh Ayog which is about 39.58 percent of the total geographical area of
Assam. This area is about 9.40 percent of the total flood prone area of India. It has been

assessed that about 92.6 percent of the total cultivated land are affected by flood in Assam. In



every year around 9,310 sq km area are affected by flood. Almost every year three to four

waves of flood ravage the flood prone areas of Assam.

As a part of National flood Policy government has taken different initiative for control of
flood in the state. Out of these initiative, construction of embankment in both the bank of
major river is considered as a long term measures of flood control. A total length of 4486.44
km of river embankments has been constructed till the financial year 2019-20. But in every
year, these earthen river embankments are facing different problems like erosion, breaching
etc. Considering the present status of flood and it’s vulnerability in Assam, the embankment
system in the state is required to be raised and strengthened so that it can provide flood

protection to the state for sustainable socio-economic development.
1.3 Flood Inundation :

Flood destruction likelihood is increasing with urbanization and population rate of growth. To
cope with flood problems inland engineering physical measures with their support by
computer aided measures in form of flood models are necessary to execute in balance.
Physical measures including the reservoirs, retarding basin, flood diversion embankments, etc.
that can control or divert the large scale flood diversity. Computer aided flood models are
being efficiently used most efficient to evaluate the flood damage to property and people. The
model show the extent, depth of flooding to depict the area liable to flooding events of

different return periods.

Flood forecast information in a graphical format i.e flood inundation map helps emergency
managers and disaster relief officials, to better prepare for potential flood conditions. So it is
important to provide easy to read graphical information related to flood hazard to the public,
city planners and emergency managers. Flood inundation mapping is the process of defining
the area covered by water, a map during a flood event. It can be done by integrating
Geographic information system with hydrologic and hydraulic models. Decision-makers can
decide how best to deploy resources to prepare for catastrophes and to generally improve the
quality of life by having a thorough grasp of the level of flooding and swamping caused by

floodwaters.



1.4. Objective of the Study :

1. Development of a Two-Dimensional Hydraulic Model of the Floodplain of the Nonoi
River.

2. Assessment of Flood Vulnerability of the Nonoi River to Extreme Flood Events for
Return Periods of 50 and 100 Years.

3. Mapping the probable positions and dimensions of different dtructures as preventive
measures to reduce the impact of flood hazards.

1.5 Scope of Work :

The scope of this study encompasses a detailed analysis of flood risks within the Nonoi River
basin in Darrang District, Assam. The focus lies on conducting comprehensive flood hydraulic
modeling and floodplain mapping to assess the region's susceptibility to flooding events,
which are predominantly triggered by heavy monsoon rains and flash floods from Bhutan and
Arunachal Pradesh. By leveraging advanced tools such as Google Earth Pro, ArcGIS, and
HEC-RAS, the study aims to develop accurate 2D models that simulate flood scenarios for 50-
and 100-year return periods. These models will visualize potential impacts on infrastructure,
residential areas, and agriculture, aiding disaster relief workers and emergency managers in
enhancing preparedness strategies tailored to the unique hydro-geomorphic characteristics of
the Nonoi River basin. The research also addresses the ongoing challenges of erosion,
riverbank instability, and sedimentation, crucial factors influencing flood dynamics in the

region.
1.6 Methodology :

» Define Study Area : Define the study area by outlining its geographical and hydrological

features, including watershed boundaries, topography, and land use patterns.

> Data Collection : Gather comprehensive data such as long-term river discharge records,

basin characteristics and Digital Elevation Models (DEM) for hydraulic modeling.

» Data Analysis and Calculation: Analyze data using statistical methods to assess
discharge patterns and quantify basin characteristics. Process DEM data to derive slope

and flow parameters crucial for accurate hydraulic simulations.



» HEC-RAS Model Preparation : Prepare a detailed hydraulic model using HEC-RAS,
inputting cross-sections, flow characteristics, and boundary conditions to simulate water

levels, velocities, and flood extents.

» Analysis of Software Output: Compare flood extents, water levels, inundation depths,
and flow velocities with and without embankments to assess their impact on flood

dynamics..

> Interpretation of Results: Interpret findings to identify flood-prone areas, manage
sediment transport, and inform infrastructure design for flood control and environmental

sustainability.

1.7 River Nonoi :

The Nonoi River is North Bank Tributary of mighty River Brahmaputra. This river originates
from the Bhutan Hill Tangchar at an Elevation of 1220m which is located at southern part of
Bhutan Hill. From the point of origin it flows towards the south direction and enters in Assam
through boundary stone No 103 in Udalguri district of Assam. In Assam it passes through two
Districts namely Udalguri and Darrang and then finally meet—Brahmaputra. The terrain
characteristics of this river basin are quite typical. Because of the geography along the river,
as the rivers move from the hills to the plains of the Brahmaputra valley, the valley gradients
drop off sharply. Because of its hydro-geomorphic characteristics, the Nonoi river basin, a
portion of the Brahmaputra valley's riverine built-up plain made of fine alluvial deposits,
experiences nearly yearly channel shifting and river bank erosion as a result of sheet floods. In
the southern portion of the Darrang district, the hydro-geomorphic characteristics of the river
basin have resulted in significant environmental, hydrologic, and geomorphic issues. The
running water, altitude and the adjacent sub-tributaries dominate the basin’s nature and play a
significant role in making an unstable river basin in the region. Due to the heavy downpour
during the monsoon (Annual Mean Rainfall 210 cm.) it carries a huge amount of discharge
along with sediments. Therefore, the middle part of the basin is highly volatile to bank erosion
and channel shifting during the rainy season.With many small tributaries, the length of the

Nanoi River is 104.275 kilometers with a basin area of 577.927 sq. km.



As per the report of National Disaster Management Authority (NDMA) , the River Nonoi has
an annual average discharge of 10,281 m?/sec. Almost every year flood from this river ravages
the flood prone areas of Darrang District. The destructive floodwater causes significant
damage, including loss of life, extensive damage to infrastructure, road closures, crop

destruction, and livestock loss in this District.
1.8 Chapter wise Planning :

Chapter 1 : Introduction : An overview of Flood, Flood in Assam and importance of flood

inundation including the Nonoi River and its characteristics.

Chapter 2 : Literature Review Preview of different study related to flood inundation and its

necessity for flood risk assessment, methodology adopted for hydraulic modeling etc.

Chapter 3 : Study area and Materials : Details about the study area including basin
characteristics, Software used for the preparation of model, theory used for calculation of data

etc has been mentioned in this chapter.

Chapter 4 : Data collection and Methodology : Calculation of peak discharge for 50 and 100
years return period using different approach, steps followed in the softwatre for development

of the model.

Chapter 5 : Results and discussion : Results obtained from the study which includes flood

plain extent, water surface elevation, depth of flow etc.

Chapter 6 : Conclusion : Overall outcome of the study and future scope of study related to this

topic.



Chapter 2
LITERATURE REVIEW

In this chapter, an attempt has been made to review some earlier important studies related
to Mapping of Flood Plain using different methodology and their results to know the
vulnerability of flood.

Sunilkumar P et al. (2017) has conducted a a study on River Mangalam using HEC-RAS
and ArcGis for flood Modeling. The study was on River Mangalam on a reach length of 30
km. The river basin is basically spread over Palakkad district of Kerala. The various
methodologies of the study include estimation of peak flood discharge, flood analysis
using HEC RAS, and the flood inundation mapping using GIS. HEC-RAS and its
extension HEC-GeoRAS was used to prepare the flood inundation map of the Mangalam
River. HEC-GeoRAS uses the functions associated with Spatial Analyst and 3D Analyst
extensions of ArcGIS. The only dataset required in this mapping is the terrain data in TIN
o DEM format. HEC-RAS may receive GIS data that has been pre-processed using the
tools included in the RAS Geometry menu. To create a flood inundation map, post-
processing functions for HEC-RAS findings are available under the RAS Mapping menu.
In the study, the flood inundation map was prepared in ArcGIS by modeling the unsteady
flow analysis in HEC-RAS and then exporting the result back in GIS using the extension
HEC-GeoRAS. Combining the aforementioned findings can help with flood prevention
strategies, particularly as flash floods are a common occurrence in the studied area.

From the study the probable maximum flood occurring in the area was calculated. This
value helps in the designing work of a civil structure in the study area,The flood
hydrograph was developed, which was further utilized in the flood plain mapping in HEC-
RAS. By doing this analysis it was possible to get an idea about how much flood can occur
in the study area. Floodplain was also obtained by performing the unsteady flow analysis
in the HEC-RAS software using a GIS platform. Flooding was found maximum both at the
upstream reach and the lower reach of the Mangalam river compared to the midland region.

This is in concurrence with the flood inundation map prepared in the GIS.

A case study was conducted by Devashish Pradhan et al. (2022) in the Burhi Gandak
River Basin in Bihar, India, in order to provide flood inundation mapping using ArcGIS
and the Hydraulic Model (HEC-RAS). The study's main objectives were to locate places
where hydrological hazards exist and to develop emergency management strategies.

Finding flood-prone areas close to the river is made simple by the flood map.
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. For the study of the flood inundation discharge data of 50 years had been analyzed and
map was prepared using discharge data for a return period of 5, 10, 20, 50, 100 & 150

years.

The main objective of the study was to prepare HEC-RAS model to find two flow
variables i.e. water depth and flow velocity of the above River. Flood inundation map
prepared from the study show that the depths of the 5, 10, 20, 50, 100, and 150-year return
periods are 12.78 m, 13.11 m, 13.37 m, 13.67 m, 13.89 m, and 14.01 m, respectively. The
result of the study reveals that the depth of flow increases with increase in the return
period, and the damage is severe even with a short return period. It is also observed that
the variation in depth of flow decreases as the return period increases. It was concluded in
the study that by knowing the water accommodation capacity of the river and river plain,
relation between precipitation and river discharge can be established and from there, a
flood frequency and flood inundation map can be prepared. It will help to minimize the
affect of flood and save the the life and properties. Hydrologic and hydrologic model
structures in the river can be used to improve flood inundation maps by using DEM data
with high-resolution and accurately measured cross-sections. By implementing best
design practices and raising the height of the embankment could helps in solve the
problem of erosion and flood.

Usman Khalil et al. (2017) has done Flood plain mapping for Indus River reach
ChashmaTaunsa of length 252 km. Floodplain mapping and flood hydraulic modeling
were done in their study to provide a preliminary assessment of flood susceptibility and a
plan of action for emergency preparedness. Different tools like HEC-RAS, Arc-GIS and
it’s extension HEC-GeoRAS were used to obtain the hydraulic modelling and floodplain
mapping. HEC-RAS model input cross-sections data were collected from physical survey
and extracted from DEM SRTM 90 m by using Hec-GeoRas. Comparison was made
between surveyed and SRTM DEM extracted cross-sections; to perform necessary
verification and merging the channel data in DEM extracted cross-section. It is observed
that by using the DEM data of fine resolution more accurate results can be acquired. The
Flood peaks for the extreme flood events were calculated by using Gumbel’s and Log
Pearson Type III distributions of frequency analysis. The result shows that the flood of
2010 in study area has return period of 180 years and 300 years at Chashma and Taunsa
respectively. Cross-sections data and results of frequency analysis were used in HEC-RAS
to perform unsteady flow analysis for low to extreme events. The flood plain maps

generated from the study shows the extent and depth represents those areas under flood



which could be act as an important tool for Engineers, Planners for emergency actions
plans and for flood management.

Anjusha K.K. (2021) has done a study on Flood Inundation Modeling of Godavari Reach,
Nanded District using Arc Gis and HEC RAS. The study area is Reach of Godavari River
in Nanded District, Maharastra which is often flooded when there is a heavy rainfall. In
order to facilitate one- and two-dimensional modeling as well as floodplain mapping in
Arc GIS, the study offers a simple method for processing the output of the Arc GIS and
HEC RAS hydraulic model. The Flow data of 35 Years, Cross Section details and
Manning’s Coefficient has been used as an input the HEC-RAS and from there unsteady
flow stimulation has been done. The output from the simulation is water surface elevation.
Twodimensional modelling is also done using HEC RAS. Flood forecasting has been done
for a return period of 2,5,10,25,50,100 years using Gumbel’s Distribution method. This
data has been used for Steady flow analysis and flood inundation mapping has been done
for every return period.

The result of the study shows that each cross section has a cross section with water surface
elevation, as well as an energy head line (Energy Gradient, Maximum Water Surface) and
a critical maximum water surface. For the Water surface elevation profiles, he program
will see the water surface rise, energy grade line height, and basic profundity rise in profile
plots (otherwise called long parts or longitudinal profiles) of the HEC-RAS consistent

stream and flimsy stream computational information.

S. Olaniyan et al. (2017) carried out a study on Inundation and Hazard Mapping of Asa
River of Nigeria using Geographic Information System (GIS). This research was aimed at
producing an inundation and hazard map using a Geographical Information System across
River Asa. Rainfall data of 30 years obtained from Kwara State meteorological station was
used to derived hydraulic discharge of the river using Institute of hydrology method of
model. Flood frequency distribution was modeled using the log Pearson Type III model.
Using GIS, contour values were interpolated from the catchment's contour lines to create a
digital elevation model (DEM). The combination of rainfall, land use variation, DEM, and
slope—the main elements causing flooding in an area—was analyzed to create the
floodplain map. Log Pearson Type III model gave a discharge ranges from (6306 — 10,458)
m? /s for return period between 2 to 50 years. The flood risk map showed that 56% of
existing structure will be at risk at discharge value of 50 years return period. Using data

from remote sensing, the study created an inundation and hazard map of River Asa.



Chapter 3
STUDY AREA AND MATERIALS

3.1 Study Area :

The area of interest for the present study is Nonoi River Basin that falls under the area of
Darrang district. The Nonoi River is North Bank Tributary of mighty River Brahmaputra.
This river originates from the Bhutan Hill Tangchar at an Elevation of 1220m which is
located at southern part of Bhutan Hill. From the point of origin it flows towards the south
direction and enters in Assam through boundary stone No 103 in Udalguri district of
Assam. With many small tributaries, the length of the Nanoi River is about 104.275

kilometers with a basin area of 577.927 sq. km.

For the present study, a reach length of about 25 Km has been selected. The reach of
Nonoi river Bridge in Hapamara upto Bridge over NH-15 has been selected for this work.
This reach is in between 26°31224.12"N lattitude and 91°51'56.24"E Longitude upto
26°21'4.91"N lattitude and 91°51'22.03"E Longitude. The last 34 Km of this river upto
Brahmaputra is active flood plain with channel gradient of 1.763 m/km. The basin area
receives an annual mean rainfall of 210 cm. The major stream i.e. is the Nonoi is fed by

numbers of sub tributaries which supply water to the basin mainly during summer season.

Every year area near the Nonoi river faces problems of floods and damages during
monsoon season.This is due to the heavy rainfall and flash flood that comes from the Hills
of Bhutan and Arunachal Pradesh. To facilitate the appropriate measures for effective
flood mitigation, there is a need to model the flood plain. Flood plain modelling using

HEC RAS is an effective tool for hydraulic study.
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Figure 3.1 : Study Area on Google Earth
3.2 Materials/Software Used

3.2.1 Google Earth Pro : To show the study area of this work Google Earth Pro has been
used. The centre line of the river has been drawn by using Google Earth Pro. This line is
again used in ArcGIS to converted it as polyline. The free program Google Earth Pro
facilitates the creation, overlaying, evaluating, and visualizing of geographic data. For
learners who want to start with more fundamental procedures and techniques and are
interested in learning more about GIS, this approachable resource is frequently a helpful
intermediate. Moreover, Google Earth Pro may be used to locate locations, upload or
download geospatial data in its native interoperable file format (KML), and examine its

incredibly high-resolution satellite imagery.

3.2.2 HEC HMS : HEC-HMS stands for Hydrologic Engineering Center - Hydrologic
Modeling System which enables simulate the complete hydrologic processes of dendritic
watershed systems. Numerous conventional hydrologic analysis techniques, like event
infiltration, unit hydrographs, and hydrologic routing, are included in the software. Along
with these essential processes for continuous modeling, HEC-HMS also includes soil
moisture accounting, snowmelt, and evapotranspiration. Furthermore, gridded runoff
modeling employing the linear quasi-distributed runoff transform is made possible with

advanced capabilities.

11



In this study, HEC-HMS is basically used for calculation of different Geospatial sub basin
characteristics. To compute subbasin characteristics, the basin model must have
georeferenced subbasins and the GIS Preprocess Drainage step must be computed. These
characteristics is again used for development of Synthetic Unit Hydrographs by Snyder’s
Method. The Geospatial sub basin characteristics includes Longest Flow Path Length (L),
Centroidal Flow Path Length (L.), Basin Slope, Basin Relief etc. Out of which Longest
flow Path Length (L) Centroidal Flow Path Length (Lc) will be required for calculation of
different parameters necessary for development of Synthetic Unit Hydrograph.

3.2.3 ArcGIS : An application for displaying geographic data is ArcGIS, a Geographic
Information System (GIS). Organizations can be empowered to make more effective data-
driven decisions by using ArcGIS, which links maps, apps, data, and people. The way
ArcGIS does this is by facilitating map discovery, usage, creation, and sharing for all
members of an organization—from any device, anywhere, at any time. In the present study,
ArcGIS has been used for development of Land Use Land Cover Map of the study area.
This Land use Land cover map is then used for processing the data in HEC-RAS. Land use

map processed using ArcGIS to identify the land roughness and derive the flow behaviour.

3.2.4 USGS Earth Explorer : The USGS Earth Explorer (EE) provides users the ability to
query, search, and order satellite images, aerial photographs, and cartographic products
from several sources. The current study has downloaded the DEM for the study area in Raster
format with a resolution of 30m from the website (https://earthexplorer.usgs.gov). The
downloaded DEM needs to be projected to convert its coordinates from the geological
coordinates to Universal Transverse Mercator (UTM) coordinates under the classification of
the World Geodetic System (WGS) of the year 1984. The accuracy of the DEMs provided by
USGS ranges from (1-90) m, and may sometimes reach even less than 1m, depending on the
type of study and the data that need to be provided. The downloaded DEM data in .tiff format
then used in HEC RAS for the terrain data.

3.2.5 HEC RAS : The Hydrologic Engineering Center- River Analysis System is a
software that is developed by US Army Corps of Engineers. This software enables the user
to perform (1) one dimensional steady flow hydraulics (2) one-dimensional or two-
dimensional unsteady flow hydraulics (3) Quasi unsteady or fully unsteady flow movable
boundary sediment transport computations (1D and 2D) and (4) one dimensional water

quality analysis.

12



3.3 Synthetic Unit Hydrograph :

For development of Unit Hydrograph of a specific catchment, different information such
as rainfall data of the catchment and the resulting hydrogpah is required. However, these
data is not easily available specially when the catchment area is located in some remote
areas. In order to formation of unit hydrograph of such areas, various empirical equations
may be used. But, these equations only applicable for a specific region only. The unit
hydrograph developed by using these equation is known as Synthetic Unit Hydrograph
(SUH). There are various methods available like CWC dimensionless approach, Snyder’s
method, Two parameter Gamma distribution method and Hybrid model. For this study,

the traditional method that is Snyder’s method has been used.
3.3.1 Snyder’s Method :

Snyder developed a set of empirical equations for the formation of Synthetic Unit
Hydrograph which are based on study of large number of catchments of United States of
America (USA). The most important features of a basin affecting a hydrograph due to
storm is basin lag. The basin is basically the time difference between centroid of the input
i.e. rainfall excess and output i.e. direct runoff hydrograph. This value is determined based
on the features of the topography such as size, shape, stream density, length of the main

stream, slope, land use and land cover.
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3.3.2 North Brahmaputra Subzone -2 (a) report by Central water Commission

(CWC) :

This report by CWC deals with the estimation of design flood for various return period
such as 25, 50, 100 years for small and medium catchment areas of this Sub zone. This sub
zone includes the areas mainly of part of Assam and small portion of Sikkim, Arunachal
Pradesh and West Bengal. This report is based on the detailed rainfall and runoff studies of
21 representative catchments. The report is recommended for estimation of design flood
fpr catchment of small and medium catchments of size 25 to 2500 sq km of area. This
report enables the calculation of design flood for the ungauged and inadequately gauged

catchments areas of the sub zone.
Detailed Synthetic Unit Hydrograph Approach :

Determination of the Physiographic parameters : From the catchment area of the study area

the following parameters are determined.
Area of the catchment in Sq Km. = A
Length of the Longest Stream in Km =L

Length of the Longest Stream from a opposite C.G. of Catchment to the Point of study in
km = L

Equivalent stream slope in m/Km =S

This data has been calculated from the catchment area of the study region using HEC-

HMS Software.

The following equations are used to as per North Brahmaputra Subzone report by Central
water Commission (CWC) for formation of the Synthetic Unit Hydrograph (1 Hour) with
known values of A, L, Lc & S.

LXLC -0.409
= 227 ===
1. gp [ 5 ]

2. t, = 2.164(qp) 40
3. Wso= 2.084(%)'1'065

4. Wrs= 1.028(qp)‘1'°71
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5. Wrso = 0.856(qp) 0863
6. Wrys = 0.440(qy) 098

7. Ts = 5.428(qp)" 2

b

8. tm = tp+ 2
9.Q= gpx A
Where,

gp= Peak discharge of unit hydrograph per unit area in m*/s per sq. km

t,= Time from the centre of unit rainfall duration to the centre of unit hydrograph (hrs).
Wso= Width of the U.G measured at 50% peak discharge ordinate (Qp) in hrs.

W7s= Width of the U.G measured at 75% peak discharge ordinate (Q,) in hrs.

Wrso = Width of the rising side of U.G measured at 50% of peak discharge ordinate (Qp)
in hrs.

Wr7s = Width of the rising side of U.G measured at 75% of peak discharge ordinate (Qp)
in hrs.

T = Base width of unit hydrograph in hrs.

Tm = Time from the start of rise to the peak of unit hydrograph in hrs.

Q, = Peak discharge of unit hydrograph in m3/sec.

From the estimated parameter a few points of the unit hydrographs will be available.
Plotting those points in the graph paper and joining them through a smooth curve will
provide the Synthetic Unit Hydrograph (SUH). The discharge ordinates available from this
SUH for rainfall excess of tr duration when multiplied it with time duration, it will provide
the volume of water in the catchment. For the calculation of the volume another standard
method is to multiply the area with the depth of flow. From the available area and the

calculated volume the depth of flow of 1cm will be calculated.
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Estimation Of Design Storm Duration :

The design storm duration is the duration of the storm rainfall which cause the maximum
discharge in a drainage basin. As per the section 3.1.0 of North Brahmaputra Subzone -2 (a)
report, the design storm duration (Tp) is taken equal to the base width of unit hydrograph
(Tg). The design storm duration Tp which is equal to Tg is rounded off to nearest full hour

for any specific site study.
Estimation Of Point Rainfall and Areal Rainfall :

Point rainfall is the rainfall at any given time interval or during the storm measured in the
gauge station. The 24 hr point rainfall maps for all the station in and around the subzone
were plotted on a base map as per the report and isopluvial maps of 50 years and 100 years
return period were drawn. From these maps, the 24 hours point rainfall value of 50 years

and 100 years corresponding to the study area has to be determined.
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Figure 3.3 : Map Showing 50 Year 24 Hour Rainfall Data

(Source : North Brahmaputra Subzone -2 (a) report by CWC )
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NORTH BRAHMAPUTRA
SUB ZONE-2 (o)

Figure 3.4 :Map Showing 100 Year - 24 Hour Rainfall Data
(Source : North Brahmaputra Subzone -2 (a) report by CWC )

Conversion of point rainfall to areal rainfall :

Rainfall gauges provides point measurement of rainfall amount. But in hydrological
applications spatial variation or average depth of rainfall over the given area is needed.
This point rainfall data has to be converted to areal rainfall. For this, Sub Zone report
provides a series of values as areal reduction factor based on the area of the catchment as

given below.
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Table - &

POINT TO AREAL RAINFALL RATIO'S (PERCENTAGE)

Area in 1-hr 3-hr 6-hr 12-hr 24-hr
sq. km.

a0 A3 ‘B3 9z aT 38
100 T4 81 a8 24 g6
1510 67 75 34 391 a4
204 63 TL 31 83 93
250 50 653 T8 a7 91
300 65 T8 86 89
360 g4 74 B4 84
4040 T3 33 37
450 2 82 86
500 Ti i B5
5010 T3 34
TG0 78 82
300 TT 31
300 TT a0
1630 TH GEH
1500 T3
Z2000 i
2500 TT

Figure 3.5 : Table for conversion of point rainfall to Areal rainfall
Time Distribution of Areal Rainfall :

The areal rainfall rainfall obtained for the particular study area has to be distributed with
different distribution coefficient as provided in the Sub Zone Report corresponding to 24
hours to get the 1-Hour rainfall increments. The distribution coefficient required for this

are provided in the report as given below.
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TURLE - T - 2

TIXE DISTRIBOTION CO-FFECIENTS OF AREAL RAIAVALL
SO8-10KE 2(a)

S TS e e e b i et ettt

e —————— i ——

TN DISTRIBOTION CO-EFFECIENTS FOR DRSIGN STORN DIRATION OF 2 -24 HOURS ™

160 0,
2 1.00 0.9 0.91 22
2l 1.00 0.98 0.97 0.95 21
A 1.00 0.9% .96 6.95 0.9y 20
1 1.00 0.96 0.9 0,95 0.93 0.9¢ 19
18 100 0.95 0.96 0.95 0.93 0.91 0.90 18
i 1.00 0.98 0.96 0.94 0.93 0.90 6.89 0.88 17
16 1.06 6.9 0.96.0.93 0.82 0.90 0.89 0.88 0.86 16
1% 1.00 0.95 0.96 0.93 0.92 0.90 0.38 0.87 0.85 0.84 15
i 1.00 0.97 0.95 0,95 0.91 0.89 0.86 0.86 0,84 0.85 0.81 I
13 1.00 0.7 0.95 0.92 0.91 0.89 0.87 0.85 0.83 0.81 0.50 0.19 13
1 1.00 0.97 0.9¢ 6.97 6,90 0.88 0.85 0.4 0.82 0.80 0.78 0.77 0.76 12
1 100 0.97 0.94 0.92 0,53 087 0.85 0.83 0.81 0.99 0.77 0.76 0.74 .93 11
10 1.60 0.95 0.9¢ 0.91 0.88 0.86 0.83 0.82 0.80 6.77 0.5 ¢.74 0.72 0.70 0.69 10
g 1.00 0.97 .84 0,92 0.87 0.54 0.87 0.80 0,78 0.75 0.73 0.72 0.70 0.68 0.57 0.65 9
] 1.00 0.96 0.93 0.91 0.8Y 0.83 0.81 0.78 0.76 0.74 0.71 0.70 0.67 0,65 0.64 0.6 0.6 &
1 1.00 0.96 0.93 0,89 0.87 0.83 0.78 0.76 0.74 0.71 0.6 0.67 0.64 0.62 0.60 0.59 0.56 0.5 7
§ 100 0.95 0.97 0.8 0,54 0.87 0.7% 0.73 0.70 0.68 0,65 0.53 0.61 0.59 0.57 0.5 0.54 0,53 0.52 6
§ 1.00 0.95 0.90 0.86 0.83 0.79 0.760.73 0.67 0.64 0.51 0.58 0.56 0.55 0.53 0.52 0.51 0.43 0.48 0,41 §
{ 1.00 0.94 0.89 0.83 0.79 0.75 0.72 0.68 6.66 0.58 0.56 0.53 0.51 0.48 0.47 0.46 0,45 0.44 0.43 0.41 0.40 4
3 100 0.93 0,86 0.80 0.74 0.70 0.65 0.63 0.59 0.56 0.49 0.47 0.45 0.44 0.42 041 0.0 0.38 0.37 0.36 0.34 0.32 3
201,00 0.9 0.80 0.13 0.65 0.62 0.56 0.52 0.49 0.46 0.42 0,38 0.35 0.34 0.32 0.31 0.29 6.28 0.27 0.27 0.26 0.26 0.25 2
1 0.82 0.67 0.56 0,48 0.42 0.38 0.35 0.32 0,50 0.28 0.25 0.23 0.20 0.19 0.18 0.17 0.16 0.16 0.15 0.15 0. 14 0.13 6.13 1

Note @ Bourly rainfall distribution co-effecieats are given In the vertical
columas for various design stors durations from 2 - 24 bours.

Figure 3.6 : Table for Distribution Coefficient for Time Distribution of Areal Rainfall

Estimation of Effective Rainfall Unit:

Effective Rainfall or Excess Rainfall is that part of Rainfall which becomes direct runoff at
the outlet of the catchment. It is the total rainfall for a given duration from which
abstraction such a initial losses and infiltration are subtracted. So, Effective rainfall is that
rainfall which is neither retained on the surface nor infiltrated into the soil. As per section
2.3.0 the Report of Sub Zone, a design loss of 0.18 cm/hr has been adopted for this study.

Thus, the reduction of the loss rate from the hourly rainfall increment provides the

effective rainfall for the basin.

Design Base flow :

The base flow is the flow of water that comes from below the surface of the earth due to
presence of some water sources. As per the clause 2.4 of the Sub Zone Report an average

base flow rate of 0.05 cumec/sq km may be adopted.
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Estimation of Peak Discharge :

For the estimation of Peak Discharge if required return period, the effective rainfall units
has to be rearranged against the ordinates such that the maximum effective rainfall is
placed against the Maximum Unit Hydrograph ordinate, the next lower value of effective
rainfall against the next lower value of Unit Hydrograph ordinates and so on upto Tp hour
duration. The sequence of effective rainfall then reversed so as to obtain the critical

sequence of the effective rainfall.

The SUH then drawn against the reversed effective rainfall and this provides direct surface
runoff hydrograph (DSRO) for required return period. The DSRO with addition of base
flow rate provides the flood hydrograph.

3.4 Gumbel’s Distribution Method:

Gumbel’s Distribution is one of the commonly used frequency distribution function for the
prediction of Extreme flood values. It is a consistent and exact flow forecasting method. It
is a probability distribution functions for extreme values in hydrologic and meteorological
studies for prediction of peak flood, maximum rainfall etc. Gumbel defined flood as the
largest of the 365 daily flows and the annual series of flood flows constitute a series of

largest values of flow.

For the estimation of peak flood discharge of a return period of 50 and 100 years rainfall

data of last 20 years has been collected and calculated.

From both the Synthetic Unit hydrograph and the Gumbel distribution method the
hydrographs that is producing maximum flood peak will be used as input for the Hydraulic

Model of the study area.
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Chapter 4

DATA COLLECTION AND METHODOLOGY

4.1 Methodological Approach

[ Methodological Approach ]

USGS Earth [ ARC GIS } [ Data Analysis ]
Explorer ‘1’ l,
‘l‘ [ Land Use Land ] Calculation of
SRTM DEM Cover Map Peak Discharge
Download
Operation in HEC RAS

l

[ Create New Geometry ](-

!

{ Unsteady Flow Analysis }(

!

[ Run HEC RAS ]

v

[ View Results on RAS MAPPER ]
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4.2. Design Flood By Synthetic Unit Hydrograph (SUH) Approach:
4.2.1 Derivation of 1 hour synthetic unit hydrograph parameters:

For the formation of synthetic unit hydrograph, the following physiographic parameters
corresponding to the study area has been calculated by using HEC-HMS Software.

Table 4.1 : Physiographic Parameters for Synthetic Unit Hydrograph (SUH)

Available Data
Parameter Values Unit
A 778.0947 Sq. KM
L 100.62 KM
L. 57.86 KM
S 9.62 M/KM

Where,
A = Area of the catchment in Sq Km.
L = Length of the Longest Stream in Km

L.= Length of the Longest Stream from a opposite C.G. of Catchment to the Point of study
in km

S = Equivalent stream slope in m/Km

The following equations are used as per North Brahmaputra Subzone report (2-a) by
Central water Commission (CWC) for formation of the Synthetic Unit Hydrograph (1
Hour) with known values of A, L, Lc & S.

Table 4.2 : Parameters of Synthetic Unit Hydrograph (SUH)

SINo | Parameter Formula
1 qp= 2.272( L ELCIMQ
2 - 2.164(qp) ™0
3 Wso-= 2.084(qp)-963
4 Wis - 1.028(qp) 07!
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5 Wrso= 0.856(qp) 0363
6 Wr7s - 0.440(qp) 0!8
7 Ts- 5.428(qp)852
8 tm = to+ %

9 Qp= X A

Where,

qp= Peak discharge of unit hydrograph per unit area in m*/s per sq. km

t,= Time from the centre of unit rainfall duration to the centre of unit hydrograph (hrs).
Wso= Width of the U.G measured at 50% peak discharge ordinate (Q,) in hrs.

W7s= Width of the U.G measured at 75% peak discharge ordinate (Q,) in hrs.

Wrso = Width of the rising side of U.G measured at 50% of peak discharge ordinate (Qp)
in hrs.

Wr7s = Width of the rising side of U.G measured at 75% of peak discharge ordinate (Qp)
in hrs.

Tg = Base width of unit hydrograph in hrs.

Tm = Time from the start of rise to the peak of unit hydrograph in hrs.

Qp = Peak discharge of unit hydrograph in m*/sec.

By using the above Equations, the parameters required for formation of Synthetic Unit

Hydrograph has calculated as mentioned below.
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Table 4.3 : Derivation of parameters of Synthetic Unit Hydrograph (SUH)

SINo | Parameter Formula Values COZ:il(lil;e d
I 4= 2.272(L SLT 0.17 0.17
2 tp = 2.164(qp) 40 11.74 11.50
3 Wiso - 2.084(qp) 10 14.16 14.16
4 Wis = 1.028(qp) 107 7.06 7.06
5 Wrso - 0.856(qp) 0863 4.06 4.06
6 Wri7s = 0.440(qp) 013 2.29 2.29
7 Ts- 5.428(qp)"8>2 44.27 44.00
8 = bt 12.00 12.00
9 Qp= X A 128.72 128.72

4.2.2 Ordinates Of 1 Hour Synthetic Unit Hydrograph

Above parameters are drawn to scale on graph paper and joining them through a smooth
curve will provide the Synthetic Unit Hydrograph (SUH). The ordinates of Unit
Hydrograph so obtained are listed below.

Table 4.4 : Ordinates Of Synthetic Unit Hydrograph

Time | ey | T e
0 0 23 60
1 4 24 56
2 8 25 52
3 14 26 48
4 21 27 44
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5 29 28 40
6 39 29 37
7 51 30 34
8 65 31 31
9 83 32 28
10 104 33 25
11 124 34 22
12 128.27 35 19
13 127 36 16
14 120 37 13
15 111 38 10
16 103 39 7
17 95 40 5
18 88 41 3
19 82 42 2
20 76 43 1
21 70 44 0
22 65 Total 2160.27
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Figure 4.1. : Synthetic Unit Hydrograph

The estimated parameters as per the Report of CWC of Synthetic Unit Hydrograph are
plotted to scale. The plotted points are then joined to draw the synthetic unit hydrograph
(SUH) and ordinates corresponding to every unit hours are presented in Table No. The
Discharge ordinates (Q;) of the Unit Hydrograph at ti = t.= 1 Hr interval are added and
multiplied by t: (=1) i.e. ZQiti = 2160.27 m?/s as shown in Fig.

Now comparing the above value with the volume of 1 cm Direct Runoff Depth over the

x

0.36x

catchment area with the formula =2166.11 m3/s.

4.3. Calculation of 50 Years Peak Discharge :

4.3.1 Estimation Of Design Storm Duration :

As per the section 3.1.0 of North Brahmaputra Subzone -2 (a) report, the design storm
duration (Tp) is taken equal to the base width of unit hydrograph (Tg).
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In the present study, adjusting the design storm duration is limited to 24 hours. Hence,

adopted design Storm duration Tp =24 Hrs.
4.3.2 Estimation Of Point Rainfall and Areal Rainfall :
Based on the Sub Zone Report,

50 Years 24 Hours Rainfall = 24 Cm (As per plate 9 of North Brahmaputra Subzone-2a
report)

Considering area reduction factor the study area = 0.81 (As per Table 6 of North

Brahmaputra Subzone report)
Hence, 50 Years 24 Hours Rainfall =24 cm x 0.81 = 19.44 cm.
4.3.3 Time Distibution of Areal Rainfall :

50 Year 24 Hours areal rainfall = 19.44 cm is distributed with different distribution
coefficient as provided in the Sub Zone Report corresponding to 24 hours to get the 1-
Hour rainfall increments. The distribution coefficient required for this are provided in the

report as per Column 24 of Table T-2 of Subzone Report.

Table 4.5 : Calculation of Hourly rainfall increment

Dlizgl(le}ln Distribu‘tion ‘ 24 hr Areal Rainfall | Hourly rainfall

Hrs) Coefficient | rainfall(cm) (In Cms) Increment (cm)
1 0.13 19.44 2.53 2.53
2 0.25 19.44 4.86 2.33
3 0.32 19.44 6.22 1.36
4 0.4 19.44 7.78 1.56
5 0.47 19.44 9.14 1.36
6 0.52 19.44 10.11 0.97
7 0.56 19.44 10.89 0.78
8 0.61 19.44 11.86 0.97
9 0.65 19.44 12.64 0.78
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10 0.69 19.44 13.41 0.78
11 0.73 19.44 14.19 0.78
12 0.76 19.44 14.77 0.58
13 0.79 19.44 15.36 0.58
14 0.81 19.44 15.75 0.39
15 0.84 19.44 16.33 0.58
16 0.86 19.44 16.72 0.39
17 0.88 19.44 17.11 0.39
18 0.90 19.44 17.50 0.39
19 0.92 19.44 17.88 0.39
20 0.93 19.44 18.08 0.19
21 0.95 19.44 18.47 0.39
22 0.97 19.44 18.86 0.39
23 0.98 19.44 19.05 0.19
24 1 19.44 19.44 0.39

Total 19.44

4.3.4. Estimation of Effective Rainfall Unit:

As per section 2.3.0 the Report of Sub Zone, a design loss of 0.18 cm/hr has been adopted
for this study.

The design loss rate subtracted from the 1 hr rainfall increment to obtain the 1 hr effective

rainfall.

Table 4.6 : Calculation of Effective rainfall

Rainfall Rainfall
al? e aima Design Loss Effective Rainfall
Duration (In Increments (In Rate (cm/hr) (In Cms)
Hrs) Cm)

1 2.53 0.18 2.35
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2 2.33 0.18 2.15
3 1.36 0.18 1.18
4 1.56 0.18 1.38
5 1.36 0.18 1.18
6 0.97 0.18 0.79
7 0.78 0.18 0.60
8 0.97 0.18 0.79
9 0.78 0.18 0.60
10 0.78 0.18 0.60
11 0.78 0.18 0.60
12 0.58 0.18 0.40
13 0.58 0.18 0.40
14 0.39 0.18 0.21
15 0.58 0.18 0.40
16 0.39 0.18 0.21
17 0.39 0.18 0.21
18 0.39 0.18 0.21
19 0.39 0.18 0.21
20 0.19 0.18 0.01
21 0.39 0.18 0.21
22 0.39 0.18 0.21
23 0.19 0.18 0.01
24 0.39 0.18 0.21
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4.3.5 Estimation of Design Base flow :

As per the clause 2.4 of the Sub Zone Report an average base flow rate of 0.05 cumec/sq
km may be adopted.

Total Base Flow = Area x Rate of Base Flow
=778.0947 Sq Km x 0.05 cumec/sq km
=38.90 Cumec.

4.3.6. Estimation of 50 Years Peak Discharge :

For the estimation of Peak Discharge if required return period, the effective rainfall units
has to be rearranged against the ordinates such that the maximum effective rainfall is
placed against the Maximum Unit Hydrograph ordinate, the next lower value of effective
rainfall against the next lower value of Unit Hydrograph ordinates and so on up to Tp hour
duration. The sequence of effective rainfall then reversed so as to obtain the critical

sequence of the effective rainfall.

Table 4.7 : Estimation of 50 Yrs Flood

Time U.G ordinate 1 Hr Effective | Direct Runoff (In
(m¥/s) Rainfall (In Cms) Cumec)
6 39 0.01 0.39
7 51 0.21 10.71
8 65 0.4 26.00
9 83 0.6 49.80
10 104 0.79 82.16
11 124 1.38 171.12
12 128.27 2.35 301.43
13 127 2.15 273.05
14 120 1.18 141.60
15 111 1.18 130.98
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16 103 0.79 81.37
17 95 0.6 57.00
18 88 0.6 52.80
19 82 0.6 49.20
20 76 0.4 30.40
21 70 0.4 28.00
22 65 0.21 13.65
23 60 0.21 12.60
24 56 0.21 11.76
25 52 0.21 10.92
26 48 0.21 10.08
27 44 0.21 9.24
28 40 0.21 8.40
29 37 0.01 0.37

Total 1563.03
Base Flow 38.90

50 years Flood Peak 1601.93

Table 4.8 : Critical 1 hr effective rainfall sequence

) Critical 1 hr effective
Time .
rainfall sequence cms
1 0.01
2 0.21
3 0.21
4 0.21
5 0.21
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6 0.21
7 0.21
8 0.21
9 0.4
10 0.4
11 0.6
12 0.6
13 0.6
14 0.79
15 1.18
16 1.18
17 2.15
18 2.35
19 1.38
20 0.79
21 0.6
22 0.4
23 0.21
24 0.01
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1 Hr Effective Rainfall

Tim UH 0.0 0.0 Base
! ordinates | % | 021 | 021 | 021 [ 021 | 021 | 021 | 021 | 04 | 04 | o6 | o6 | 06 | 070 | wis | wig | 215 | 235 | 138 [ 079 | o6 | 04 | 02 | %0 | Towl | Flo | Tol
(Cumec) W

1 I 4 5 6 7 8 o 10| u 2| 1] 4] 15 16 17 18 19 20 21 2 | 23| 24| 25| 26 27 | 28 2

0 0| o 0| 389 38.9

1 4 02 0 0.04 | 389 38.94

0.0

2 g | 00| oss 0 092 | 389 | 398

3 1| O3] res | o84 0 266 | 389 | 4156

4 2| O] 204 | nes | osa 0 567 | 389 | 4457

5 29 | 02| a4 | 204 | 168 | osa 0 1016 | 389 | 49.06

6 39| 03| 609 | 441 | 204 | 168 | oss 0 1635 | 389 | ss2s

7 st O3] 819 | 609 | 441 | 204 | 168 | 0s4 0 2466 | 389 | 63.56

8 65 | OS] 10T | sao | 609 | 441 | 294 | 1 | 084 0 3551 | 389 | 7441

9 g3 | O BEL 0T 10 | 600 | aar | 204 | 1es | 16 0 501 | 389 89

10 oa | MOL TR RS 0T ghe | so09 | aar | 204 | 32 16 | 0.00 926 | %0 | 10816

1 g | M2 ST B 0T gho | 600 | 441 | s6 32 | 240 | 0.00 9476 | 9| 13366

12 12827 | 12| 200 ] 218 1 174 136 4 107 g9 | 609 | g4 56 | 480 | 240 | 0.0 12643 | 39| 16533
8 4 4 3 5 1 0
T2 | 269 | 260 | 218 | 174 | 136 | 107 389

13 7 | 2 ; 9 8 : § 7| a9 | 1 84 | 840 | 480 | 240 | 0.00 161.67 ol 20057
266 | 269 | 260 | 218 | 174 | 136 | 107 126 389

14 120 | 12 s ; " 8 ; § T se | e O | 840 | axo | 316 | 000 200.64 ol 2954
1 266 | 269 | 260 | 218 | 174 | 136 74 | 126 38.9

15 1 L] a2 6 ; " " : S| 204 | 156 . §1 sa0 | 632 | 42| 000 244.32 ol a2
T0 | 233 266 | 269 | 260 | 218 | 174 B4 | 174 | 126 389

16 w03 | 19 3| 252 s ; " 8 Tl 2| 204 . . S1 106 | 944 | am | o000 293.48 o 3
09 | 216 | 233 266 | 269 | 260 | 218 306 | 234 | 174 389

17 o5 | 7 § | as2 § ; " 81 32 26 6 . o] 1659 | 1652 | oaa | s60 | 000 354.33 ol 30323
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Figure 4.2: Determination of 50 years flood Hydrograph
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Figure 4.3 : 50 years Flood Hydrograph
4.4 Calculation of 100 Years Peak Discharge :

4.4.1 Estimation Of Design Storm Duration :

As per the section 3.1.0 of North Brahmaputra Subzone -2 (a) report, the design storm
duration (Tp) is taken equal to the base width of unit hydrograph (T).

In the present study, adjusting the design storm duration is limited to 24 hours. Hence,

adopted design Storm duration Tp =24 Hrs.
4.4.2 Estimation Of Point Rainfall and Areal Rainfall :
Based on the Sub Zone Report,

50 Years 24 Hours Rainfall = 28 Cm (As per plate 10 of North Brahmaputra subzone
report)

36



Considering area reduction factor the study area = 0.81 (As per Table 6 of North

Brahmaputra subzone report)
Hence, 50 Years 24 Hours Rainfall = 28 ¢cm x 0.81 = 22.68 cm.
4.4.3 Time Distribution of Areal Rainfall :

100 Year 24 Hours areal rainfall = 22.68 cm is distributed with different distribution
coefficient as provided in the Sub Zone Report corresponding to 24 hours to get the 1-
Hour rainfall increments. The distribution coefficient required for this are provided in the

report as per Column 24 of Table T-2 of Subzone Report.

Table 4.9 : Calculation of Hourly rainfall increment

Hourl
Dlizgl(fililn Distribu‘tion ‘ 24 hr Ra;i;z;l (In rainfal}i
Hrs) Coefficient | rainfall(cm) Cms) Increment

(cm)

1 0.13 22.68 2.95 2.95

2 0.25 22.68 5.67 2.72
3 0.32 22.68 7.26 1.59
4 0.4 22.68 9.07 1.81
5 0.47 22.68 10.66 1.59
6 0.52 22.68 11.79 1.13
7 0.56 22.68 12.70 0.91

8 0.61 22.68 13.83 1.13
9 0.65 22.68 14.74 0.91
10 0.69 22.68 15.65 0.91
11 0.73 22.68 16.56 0.91
12 0.76 22.68 17.24 0.68
13 0.79 22.68 17.92 0.68
14 0.81 22.68 18.37 0.45
15 0.84 22.68 19.05 0.68
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16 0.86 22.68 19.50 0.45
17 0.88 22.68 19.96 0.45
18 0.90 22.68 20.41 0.45
19 0.92 22.68 20.87 0.45
20 0.93 22.68 21.09 0.23
21 0.95 22.68 21.55 0.45
22 0.97 22.68 22.00 0.45
23 0.98 22.68 22.23 0.23
24 1 22.68 22.68 0.45

Total 22.66

4.4.4 Estimation of Effective Rainfall Unit:

As per section 2.3.0 the Report of Sub Zone, a design loss of 0.18 cm/hr has been adopted
for this study.

The design loss rate subtracted from the 1 hr rainfall increment to obtain the 1 hr effective

rainfall.

Table 4.10 : Calculation of Effective rainfall

Rainfall Rainfall Design Effective
Duration (In Increments Loss Rate | Rainfall (In
Hrs) (In Cm) (cm/hr) Cms)

1 2.95 0.18 2.77
2 2.72 0.18 2.54
3 1.59 0.18 1.41
4 1.81 0.18 1.63
5 1.59 0.18 1.41
6 1.13 0.18 0.95
7 0.91 0.18 0.73
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8 1.13 0.18 0.95
9 0.91 0.18 0.73
10 0.91 0.18 0.73
11 0.91 0.18 0.73
12 0.68 0.18 0.50
13 0.68 0.18 0.50
14 0.45 0.18 0.27
15 0.68 0.18 0.50
16 0.45 0.18 0.27
17 0.45 0.18 0.27
18 0.45 0.18 0.27
19 0.45 0.18 0.27
20 0.23 0.18 0.05
21 0.45 0.18 0.27
22 0.45 0.18 0.27
23 0.23 0.18 0.05
24 0.45 0.18 0.27

4.4.5 Estimation of Design Base flow :

As per the clause 2.4 of the Sub Zone Report an average base flow rate of 0.05 cumec/sq
km may be adopted.

Total Base Flow = Area x Rate of Base Flow
=778.0947 Sq Km x 0.05 cumec/sq km

= 38.90 Cumec.
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4.4.6 Estimation of 100 Years Peak Discharge :

For the estimation of Peak Discharge if required return period, the effective rainfall units
has to be rearranged against the ordinates such that the maximum effective rainfall is
placed against the Maximum Unit Hydrograph ordinate, the next lower value of effective
rainfall against the next lower value of Unit Hydrograph ordinates and so on upto Tp hour

duration. The sequence of effective rainfall then reversed so as to obtain the critical

sequence of the effective rainfall.

Table 4.11 : Estimation of 100 Yrs Flood

1 Hr Effective Direct Runoff (In
Time U.G ordinate (m?/s ) Rainfall (In Cms) Cumec) (

6 39 0.05 1.95

7 51 0.27 13.77
8 65 0.5 32.50
9 83 0.73 60.59
10 104 0.95 98.80
11 124 1.63 202.12
12 128.27 2.77 355.31
13 127 2.54 322.58
14 120 1.41 169.20
15 111 1.41 156.51
16 103 0.95 97.85
17 95 0.73 69.35
18 88 0.73 64.24
19 82 0.73 59.86
20 76 0.5 38.00
21 70 0.5 35.00
22 65 0.27 17.55
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23 60 0.27 16.20
24 56 0.27 15.12
25 52 0.27 14.04
26 48 0.27 12.96
27 44 0.27 11.88
28 40 0.27 10.80
29 37 0.05 1.85
Total 1878.03
Base Flow 38.90
100 years Flood Peak 1916.93

Table 4.12 : Critical 1 hr effective rainfall sequence

Time Critical 1 hr effective rainfall
sequence cms
1 0.05
2 0.27
3 0.27
4 0.27
5 0.27
6 0.27
7 0.27
8 0.27
9 0.5
10 0.5
11 0.73
12 0.73
13 0.73
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14 0.95
15 1.41
16 1.41
17 2.54
18 2.77
19 1.63
20 0.95
21 0.73
22 0.5
23 0.27
24 0.05
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Figure 4.4 : 100 years Flood Hydrograph
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Figure 4.5: Determination of 100 years flood Hydrograph
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4.5 Peak Discharge by Gumbel’s Distribution Method:

It is a probability distribution functions for extreme values in hydrologic and

meteorological studies for prediction of peak flood, maximum rainfall etc.

For the estimation of peak flood discharge of a return period of 50 and 100 years rainfall

data of last 20 years has been collected and calculated as below.

Table 4.13 : Discharge Data of 20 Years

SI No Year Discharge (Cumec)
1 2003 68.841
2 2004 100.352
3 2005 91.250
4 2006 86.953
5 2007 63.626
6 2008 101.219
7 2009 74.538
8 2010 67.327
9 2011 87.219
10 2012 65.872
11 2013 76.121
12 2014 73.443
13 2015 108.846
14 2016 71.969
15 2017 84.616
16 2018 60.913
17 2019 102.068
18 2020 102.524
19 2021 60.156
20 2022 82.834
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Value of X with a recurrence interval T is given by

xr= X+ Kon-1

> x-x)

on1 = Standard Deviation of the Sample Size N = N1

K = Frequency Factor expressed by , K = RAbi

yr= Reduced Variate, a function of T given by,
Y= -(In.In(T/T-1))

Table 4.14 : Calculation of Parameters for Gumbel Distribution

SINo | Year Discharge Egn:; Tp (x-X)? Log T,

1 2015 108.846 1 21.00 745.945 1.322219295
2 2020 102.524 2 10.50 440.580 1.021189299
3 2019 102.068 3 7.00 421.645 0.84509804
4 2008 101.219 4 5.25 387.499 0.720159303
5 2004 100.352 5 4.20 354.117 0.62324929

6 2005 91.250 6 3.50 94.401 0.544068044
7 2011 87.219 7 3.00 32.319 0.477121255
8 2006 86.953 8 2.63 29.366 0.419129308
9 2017 84.616 9 2.33 9.499 0.367976785
10 2022 82.834 10 2.10 1.690 0.322219295
11 2013 76.121 11 1.91 29.301 0.28082661

12 2009 74.538 12 1.75 48.944 0.243038049
13 2014 73.443 13 1.62 65.464 0.208275942
14 2016 71.969 14 1.50 91.489 0.176091259

47




15 2003 68.841 15 1.40 161.112 0.146128036
16 2010 67.327 16 1.31 201.839 0.118099312
17 2012 65.872 17 1.24 245.298 0.091770373
18 2007 63.626 18 1.17 320.696 0.06694679
19 2018 60.913 19 1.11 425.226 0.043465694
20 2021 60.156 20 1.05 457.019 0.021189299
1630.687 4563.450
Now, x = 81.534
N 0 1 2 3 4 ) 6 1 8 9
10 0.9496 0.9676 0.9833 0.9971 1.0095 1.0206 1.0316 1.0411 1.0493 1.0565
20 1.0628 1.0696 1.0754 1.0811 1.0864 1.0915 1.0961 1.1004 1.1047 1.1086
30 1.1124 1.1159 1.1193 1.1226 1.1255 1.1285 1.1313 1.1339 1.1363 1.1388
40 1.1413 1.1436 1.1458 1.1480 1.1499 1.1519 1.1538 1.1557 1.1574 1.1590
50 11607 1.1623 1.1638 1.1658 11667 1.1681 1.1696 1.1708 L1721 11734
60 1.1747 1.1759 1.1770 1.1782 1.1793 1.1803 1.1814 1.1824 1.1834 1.1844
70 1.1854 1.1863 1.1873 1.1881 1.1890 1.1898 1.1906 1.1915 1.1923 1.1930
80 1.1938 1.1945 1.1953 1.1959 1.1967 1.1973 1.1980 1.1987 1.1994 1.2001
90 1.2007 1.2013 1.2020 1.2026 1.2032 1.2038 1.2044 1.2049 1.2055 1.2060
100 1.2065
Figure 4.6 : Reduced standard deviation S, in Gumbel’s Extreme value Distribution
N 0 1 2 3 4 5 6 7 8 9
10 04952 0499 05035 05070 05100 05128 05157 05181 05202 05220
20 05236 05252 05268 05283 05296 05309 05320 05332 05343 05353
30 05362 05371 05380 05388 05396 05402 05410 05418 05424 05430
40 0.5436  0.5442 05448 05453 05458 0.5463  0.5468 05473 05477 05481
30 0 5485 0 5489 05403 05497 05501 05504 0 5508 05511 05515 05518
60 0.5521 05524 05527 05530 05533 05535  0.5538 05540 05543 05545
70 0.5548  0.5550  0.5552 05555 05557  0.5559  0.5561  0.5563 05565 05567
80 0.5569 05570 05572 05574 05576 05578  0.5580 05581 05583 05585
90 0.5586 05587 05589 05591 05592 05593 05595 05596 05598 05599
100 0.5600

Figure 4.7 :Reduced mean (y» ) in Gumbel’s Extreme value distribution

Now, for this study,

N=20

yn=0.5236
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Sn=1.0628
On-1=15.49
From calculation, the following data has been found.

Table 4.15 : Peak Discharge For 50 & 100 Years Return Period

Return Period (Years) Discharge (Cumec)
50 130.63
100 140.86

Since, Synthetic unit hydrograph method provided the highest value of Peak Discharge
between the two methods, hence , 1601.93 m*/sec and 1916.93 m?/sec may be considered

for 50 year and 100 year return period flood respectively for this present study.
4.6 Methodology in the Software :

1. Google Earth Pro :

The study area for the present study has been selected in the Google Earth Pro software.
Then the river centreline is drawn as a polyline for the selected river reach of this study.

The required Lattitude and Longitude of the study area is alsp derived from this map.

¥ Search 0 s see 8a & (1 =S

Get Directions Wistory

-]
333233_53

- 1Fe
i
FEEERERE
Ec8
*
A

------

Figure 4.8 : Study Area and River Centreline in Google Earth Pro
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2. Methodology USGS Earth Explorer :

The required Digital Elevation Model(DEM) data has been downloaded from the USGS
Earth Explorer. It provide DEM data from the Shuttle Radar Topography Mission (SRTM).
SRTM is a global research shuttle owned by the United States Geological Survey (USGS)
that provides a geological, topographic and meteorological database for the Earth in a
high-resolution digital format represented by digital elevation models (DEM). The
accuracy of the DEMs provided by USGS ranges from (1-90) m, and may sometimes reach
even less than 1m, depending on the type of study and the data that need to be provided.
For the present work, DEM data of 30m resolution has been downloaded for the selected

study area. The file downloaded is available in .tiff format.
3. ArcGIS

For the development of the Hydraulic Model of Study Area, Land Use Land Cover map is
required. The map is prepared using ArcGIS software. Land use map processed using

ArcGIS to identify the land roughness and derive the flow behaviour.

Figure 4.9 : Land Use Land Cover Map of Study Area.
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4. Methodology adopted in HEC-RAS:

The 2D modeling capability of HEC-RAS allows for more accurate representation of

complex hydraulic conditions, such as flow patterns, water levels, and velocities. For this

study the latest version of HEC-RAS 6.5 has been used. The detailed steps for the

development of 2D Hydraulic Model analysis has been mentioned in below.

ES HEC-RAS 6.5
File Edit Run View Options GIS Tools

Help

| O | X os | o] w5 il n[<E ]~ Zc| @b

I e

X
=

Project: |

[

Plan:

Geometry:

Unsteady Flow:

[
(
[
(

[
[
Steady Flow: [
[
{

Description:

J [S1 Units

Figure 4.10: Initial Interface of the HEC RAS 6.5

1. Create a New Project :

Launch the HEC-RAS 6.5 software for the setting up a new project. In the File of the menu

a new project can be created and existing project can also be opened. Every file created in

the HEC RAS has an extension of .prj. A new project is created for this study. Along with

the creation of New Project, the Unit system of the project work has to be defined. HEC
RAS enables to work with Two Unit System - US Customary and System International

(Metric System). For this modeling of our study area, SI unit system has been considered.
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New Project

Title File Name

| [P0

Selected Folder ~ Default Project Folder

Documents

e:\...\2D_FLOW_STUDY Worked

2D_FLOW_STUDY 2D_FLOW_STUDY .prj

oK Cancel I Help I Create Folder ... I

e
ZYM Tech AEC
£ 3rd and 4th Sem
32D_FLOW_STUDY Worked 06-29-2024
Cieadap
(_JLandCover 2D_FLOW_STUDY
() Terrain 20_FLOW_STUDY

= 2D _FLOW STUDY Worked

|L§e:

Bet drive and path, then enter a new project title and file name.

Figure 4.11 : New Project in HEC RAS 6.5

2. Set the Projection and Create New RAS terrain:

For working with the new project for the selected study area, the coordinate reference

system has to be defined. For this, open the RAS mapper of the HEC RAS and in the

project menu, new projection has been set up based on the study area. This can be done

based on the downloaded DEM of the study area. For our study area, WGS 1984 having a

UTM Zone of 45 N has been assigned.
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== RAS Mapper
File | 'ijé{t'l Tools Help
. Set Projection...

= '@ Add Web Imagery...
E & AddReference Layer...
] '@ Download Data 3
P S *+  Create New RAS Terrain...
m Create New Geometry...

O
% Create a New RAS Layer r

Manage Layer Associations...

B Manage Results Maps...

Figure 4.12 : For Projection of Coordinate System and New RAS terrain

After setting up the projection a new RAS terrain has to be created. For this, the

downloaded DEM has been imported.

3. Create New Geometry :

A new Geometry File has to be created and the imported terrain is to be selected for this
Geometry. On the new geometry, the 2D flow areas is selected for defining the perimeter
of the study area and breakline on the river centreline. Based on the study area, perimeter
and the breakline along the river centreline is drawn on the terrain. Along with it, the
Upstream and downstream boundary condition line is also drawn on the terrain from the

Boundary Condition lines menu.
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Figure 4.13 : Terrain Showing Perimeter, Breakline and Boundary Condition

4. Assigning Unsteady Flow Data :

After assigning the boundary condition, close the RAS Mapper window and again back to
the HEC RAS initial interface. For the 2D Flow analysis, unsteady flow analysis is to be
done. For this, unsteady flow data has to be assigned for the study area based on the
calculated data. On the Edit menu of HEC RAS, Unsteady Flow Data is selected for
assigning the boundary condition of the study area.

For the upstream boundary condition, Flow Hydrograph is selected and required data is
provided by specifying water levels, discharges, or hydrographs as per calculation for the
study area. For the downstream boundary condition, Normal depth is considered and

friction slope of 0.0002 has been assigned.
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& Unsteady Flow Data - Unsteady Flow 01 = O x
File Options Help

Description: ﬂ

Boundary Conditions | Tnitial Conditions | Meteorological Dats | Observed Data |

Boundary Condition Types

Select Location in table then select Boundary Condition Type

River Reach RS Boundary Condition
Storage/2D Flow Areas Boundary Condition
1|Perimeter 1  BCLine: BC US Flow Hydrograph
2|Perimeter 1 BCline: BC DS Normal Depth

Figure 4.14 : Defining Upstream and Downstream Boundary Condition

5. Unsteady Flow Analysis :

After assigning the Unsteady Flow data as per the study area, the data is to be run in Run
menu. For this, Unsteady Flow Analysis from the Run menu is selected. A short ID will
created for this analysis without this ID the analysis can not be completed. Here, the
program to be run is selected. Geometry pre processor, Unsteady Flow Stimulation, Post
Processor and Floodplain Mapping has been selected. The time duration for run the file is

selected and click on the Compute menu.
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A Unsteady Flow Analysis X ‘
File Options Help

Plan: Plan 01 ShortID: [Plan 01
Geometry File: |New Geometry ;]
Unsteady Flow File: |Unsteady Flow 01 -
Programs to Run - Plan Description
[V Geometry Preprocessor
¥ Unsteady Flow Simulation
[T sediment
¥ PostProcessor
¥ Floodplain Mapping
- Simulation Time Window =
Starting Date: [153uN2024 ]| Starting Tme: [ooo0
Ending Date: [163unz2024 [ Ending Time: fo0.00
Computation Settings - :
Computation Interval: 1 Minute 'I -_-] Hydrograph Output Interval: |1 Hour 'I
Mapping Output Interval: 1 Hour v I Detailed Output Interval: 1 Hour ¥ |
[Project DSS Filename: | fe:W Tech AEC\3rd and 4th Sem\Class HEC RAS\Class_2.dst (2]

Figure 4.15 : Unsteady Flow Analysis

6. Analysis of Result :

After completing the computation of the Unsteady Flow Analysis, again open the RAS
Mapper for viewing the results of the study.
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Chapter S
RESULT AND DISCUSSION

5.1. Results from Data Analysis and HEC RAS (2D Model)

1. Extent of Flood: The hydraulic model results depict the extent of flooding for different
peak discharges and return periods. This analysis provides crucial insights into potential flood
levels within the study area, offering clear graphical information essential for public

awareness, urban planning, and emergency management.

2. Flood Control Measures: Utilizing the flood extent data derived from hydraulic modeling,
strategic placement and sizing of various flood control structures can be planned. These
measures are pivotal in mitigating damages caused by severe floods, safeguarding

communities and infrastructure.

3. Peak Discharge Analysis: Using available data, the probable maximum flood for the
study area has been computed. This information is invaluable for designing structural

elements and infrastructure resilient to potential flood events.

4. Depth of Flow Assessment: Analysis of unsteady flow data using RAS Mapper yields
insights into the depth of water flow under various flood conditions. This depth information

serves multiple purposes in flood risk assessment and preparedness.

The results corresponding to the 50-year and 100-year flood hydrographs obtained from
HEC-RAS are illustrated in the following figure. Additionally, to minimize flood impacts, the
proposed positions of embankments are delineated in the figure. This visualization aids in

understanding flood dynamics and planning effective flood mitigation strategies.
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5.2 Results for 50 Yrs Flood Hydrograph

*® RAS Mapper - X
File Project Tools Help

Selected Layer- Water Suface Elevation bb@QAxueru EMS N0 M| o] s
&[] Featmes A T #
= [¥] Geomeines :
- [ Without Leves
[ 20 Flow Areas :
] Boundary Condition Lines —
B[] Manning's n

5 Empty Layers,

£ [] With Leves
B[] 20 Flow Arezs
[0 Boundary Condition Lines

B[ Without Levee
&[] Event Conditions
[ Geometry
B[] Plan

] Depth (Max)
[ Velocity (Max)
- [ WSE(Max) N

1 [ With Levee
B[] Event Conditions
B[] Geometry
[Pien

[ Depth (Max)
] Velacity (Max)

1 WISE (Max)

£ [¥] Map Layers
] Google Hybrid
[C]20_FLOW,_STUDY

Messages | Views | Profile Lines| Active Features| Layer Values|
1973794 52 293475281 1 oxel = 2278 ml

Figure 5.1 : Results showing Water Surface Elevation without Embankment

58



® RAS Mapper
File Project Tools Help

- u] X
Selected Layer: Water Surface Elevation @A e EMSN0 v M|
& [ Featwes A / ;
£ [V Geomelries ¢
B [ Viithout Levee
(8 4] 20 Flow Areas
- [ Boundary Condition Lines
8} [] Mannings n
15 Emply Layers)
B [ Viith Levee
1 4 20 Flow Areas E—
[ Boundary Condition Lines
[] Manning’s
L (75 Emply Layers)
@ [ Plans
&[] Event Condiions
& ¥ Results
B[] Without Levee
@ [J Event Conditions
) [] Geometry
& JPlen
] Depth (Max)
(] Velocity (Max)
- [ WSE (Max)
B[4 With Levee
[ Event Conditions
8+ [] Geometry
&[] Plan
] Depth (Max)

[J20_FLOW_STUDY
B[] Land Cover Brahmaputra
1 [] Glassification Folygor

EIT:u-'u

Messages | Views | Profie Lines| Active Features | Layer Values|

[197720R 51 J903RRT MR 1 nivel = 76 43 md

Figure 5.2 : Results showing Water Surface Elevation with Embankment
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® RAS Mapper
File Project Tools Help

Selected Layer Desth LOOARE G REMENO bu ] || . b

& [] Features A
=l [¥] Geomelnes
B[] Without Levee
120 Flow Areas _
9] Boundary Condiion Lines —_—
& [JManning’s n

2 [ Wiith Levee
[ 20 Flow Areas
[0 Boundary Condiion Lines
& [ Manning’s n
15 Emply Layers)
&[] Plans
1. [] Event Condibons
5 [¥| Results
(=} ] Without Levee
- [] Event Conditions
B} [] Geometry
& [JPian
[ Depth (Max) [
[ Velocity (Max)
[ WSE (Max)
& [ Vith Levee W
&[] Event Condiions DS
&[] Geometry
@ [JPlan
[ Depth (Max)
[ Velocity (Max)
] WSE (M)
= [¥] Map Layers
[] Google Hybrid
[]20_FLOW_STUDY

Messages | Views | Profile Lines | Active Features | Layer Values|

(87272439, 28343%6.10 1 pixel = 2378 m)

Figure 5.3 : Results showing Depth Profile without Embankment
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® RAS Mapper

Fie Project Took Help

Selected Layer: Depth @&
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~
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Crm BRSO Vi
B[] Without Levee

j L
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[¥] Boundary Condition Lines
B[] Manning's n
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&[] Manning's n
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= [¥] Results
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i [] Geometry
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&} [] Land Cover Brahmaputra
O Classificatia

& [ Temans

Messages | Views | Profile Lines| Active Features | Layer Values|
(972946 35, 2330752.02 1 pinel = 2642m)

Figure 5.4 : Results showing Depth Profile with Embankment
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5.2 Results for 100 Yrs Flood Hydrograph

& RAS Mapper
File Project Tools Help

Selected Layer: Depth b.@::::#amuﬂd\‘ﬂﬂ . Hrye
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Figure 5.5 : Results showing Depth Profile without Embankment
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Figure 5.6 : Results showing Depth Profile with Embankment
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Figure 5.7 : Results showing Water Surface Elevation without Embankment
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Figure 5.8 : Results showing Water Surface Elevation with Embankment
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Chapter 6
CONCLUSION

The Nonoi River, traversing the western part of Darrang district, spans an active floodplain
in its final 34 kilometers. This region is particularly vulnerable to bank erosion and
channel shifting, exacerbated during the monsoon season. Nearly every year, floods
originating from the Nonoi River wreak havoc on the flood-prone areas of Darrang District,
resulting in tragic loss of life and extensive damage to infrastructure. The destructive force
of floodwaters also leads to road closures, crop devastation, and significant losses in

livestock, impacting the livelihoods of local communities.

In response to these recurrent challenges, there is an urgent need to undertake
comprehensive floodplain modeling. Utilizing advanced tools such as HEC-RAS,
floodplain modeling serves as a critical approach for conducting hydraulic studies and

formulating effective flood mitigation strategies.

The primary objective of this modeling effort is to illustrate the extent of flood inundation
for different return periods and flood events. By simulating various scenarios, the model
identifies optimal locations for constructing embankments along both sides of the river,
particularly crucial during extreme flood events. Comparative analysis between scenarios
with and without embankments provides insights into the potential effectiveness of such

structures in mitigating flood impacts.

Detailed outputs from the modeling include maximum water surface profiles and depth
profiles, offering essential data for understanding flood dynamics and assessing risks.
These profiles serve as valuable resources for emergency preparedness and infrastructure
planning, guiding decisions on where to implement protective measures and enhance

resilience against future flood events.

Through a thorough examination of flood inundation modeling and strategic placement of
embankments, it is possible to significantly reduce the area prone to flooding. This
proactive approach not only aims to safeguard lives and property but also promotes
sustainable development in Darrang District by minimizing the adverse impacts of

recurring floods.
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Further Study :

Here are concise study points derived from floodplain modeling and flood mitigation

efforts along the Nonoi River in Darrang District:

1. Hydrological Analysis : Analyze flow patterns, peak discharges, and flood frequency to

assess flood intensity and recurrence for effective flood control measures.

2. Geomorphological Assessment : Study channel morphology, sediment dynamics, and

erosion-prone areas to identify vulnerabilities during floods.

3. Infrastructure Impact: Evaluate flood impacts on critical infrastructure and recommend

resilience-enhancing solutions.

4. Multi-Hazard Risk Assessment : Integrate flood modeling with assessments of other

hazards (e.g., landslides, earthquakes) to develop holistic risk management strategies.

5. Monitoring Systems : Establish real-time monitoring systems based on flood modeling

outputs to enhance early warning and response capabilities.

6. Social Vulnerability Mapping : Map communities at highest risk during floods

considering demographics, socioeconomic factors, and disaster coping capacity.

These study points aim to strengthen floodplain modeling efforts, guiding the development
of comprehensive flood risk management strategies for the Nonoi River basin in Darrang

District.
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