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BENCH, NEW DELHI

"I3| Original Application No 463 / 2022

o [ |
Ly '
o) __‘ v
A7 |
—
. /
WAL

)i\ OfF W\O/
Matter of:-
Vipin Nayyar | --- Applicant
Vs.
Union of India --- Respondents

STATUS REPORT BY WAY OF AFFIDAVIT BY CHIEF
ENGINEER, IRRIGATION DEPARTMENT, DEHRADUN,
UTTARAKHAND IN COMPLIANCE OF DIRECTIONS PASSED BY
THE HON'BLE NATIONAL GREEN TRIBUNAL VIDE ITS ORDER
DATED 27.11.2024

[, CHANDRA SEKHAR SINGH S/O SHRI B.S. DEV aged about 53

vears, presently posted as Chief Engineer, Irrigation Department,
Dehradun, Uttarakhand, do hereby solemnly affirm on oath and

state as under:

. That in my above-mentioned official capacity, I am
acquainted with the facts and circumstances of the present

matter, and [ am fully competent to file this Status Report by

4

way of an Affidavit.
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2. That, in accordance with the directives issued by the Hon’ble
National Green Tribunal (NGT) during its hearing dated
27.11.2024, the property in question, namely the Hide Out
Cafée and Hotel Ganga Forest View located in Rishikesh, has
been reviewed with respect to its status in the flood plain
area. This assessment has been conducted under the
guidelines established by the Ganga Rejuvenation Order,

2016, and the flood plain zoning methodology developed for
the river systems of Uttarakhand.

3. That, as clarified in the correspondence of the Executive
Engineer, Irrigation Division, Dehradun, through letter
number 1141/S.K.De./Camp dated 16.04.2024, the property
In question does not fall within the designated flood plain

area as per the Ganga Rejuvenation Order, 2016. The

determination has been based on robust and standardized

criteria, including the methodology outlined for flood plain

zoning of the river systems under the Uttarakhand Flood

Plain Area Act, 2012.

4. That, the flood plain areas of the right bank of the River
Ganga in the Dehradun district were officially delineated
through Notification No. 41/1 1(2)/2024-06(18) /2020, issued

1032
% on 08 January 2024, by the State Government. This

notification aligns with the definitions and

guidelines




9.
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That the classification of flood plain zones into prohibited and
restricted areas has been undertaken in strict accordance
with the guidelines issued by the National Disaster
Management Authority (NDMA), as detailed in Chapter 6,
Paragraph 6.1.4, of the ‘National Disaster Management
Guidelines:  Management of Floods (2008). The
atorementioned paragraph, which forms a crucial part of the
‘National Disaster Management Guidelines: Management of
Floods (2008)’°, has been included in the letter to the
Registrar, National Green Tribunal, Principal Bench, New
Delhi. A copy of the same along with its true translated copy

is annexed herewith and marked as Annexure A. These
guidelines have played a pivotal role in delineating the flood

plain zones with precision, thereby ensuring full compliance

with the prescribed mnational standards for flood

management.

That, the methodology adopted for flood plain zoning
integrates the provisions of the Uttarakhand Flood Plain Area

Act, 2012, ensuring adherence to national standards for flood
management and conservation. The classification and zoning
criteria are aimed at balancing ecological preservation with
developmental imperatives. The necessary details and
methodology regarding flood plain zoning specifically

mentioned in ‘Flood Plain Zoning Methodology Adopted for

: ﬁ:}}’ r Systems of Uttarakhand’ are annexed herewith and
g

-d as Annexure B. The detailed methodology, attached




706

r_.J

E.

and legislative measures undertaken to identify and manage

flood plain arecas within the state.

That the present response by way of an Affidavit in
compliance with the direction passed by this Hon'ble
Tribunal is being filed for the kind perusal of this Hon’ble

Tribunal.

DEPONENT

IDENTIFIED DY

.

bLmn &Ly 51”4'1 %/.:,Sh. Mq_w."(
ABDLTEIN AL CJ‘NQ)’
ACSISTANMT ENGrige

LRRIGATLON BIVigreN
DEWYRAD OUN AN #~RI}-H"~Q
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VERIFICATION

', the deponent above named, do hereby verify and say that the
contents of my above report by way of the affidavit are true and
correct to my knowledge based on the record, no part of it is false,
and nothing material has been concealed therefrom. The legal

submissions are further true as per legal advice received and

believed to be true and correct.

Verified by me at Rerielwer Uttarakhand, on this 0§ day of
December 2024.

oV 8% 0 4/

ok ¢ | DEPONENT
-f"f-j;b . \f‘l"
P CHANDRA SEKHAR SINGH
e —— IDL.!:\ . i 1L/ BY
f':::‘.f’.‘ fﬁ\,\ . : ;
N 50 1N § Chief Engineer,
\_‘_.-:.EF_‘,F;’FJ—L -"“""-,‘*: ;___,__\\\
</ ~< 0\ o _ Irrigation Department,
= .\ \
) -wt}"“[:* _'7'\.‘ yRUER -
|- Q—J/ ~" ..« || Additional, Assistant, Engineer Dehradun,
K| x, dEERT ::) Irrigation, Division
L/ v Uttarakhand
_\ R T /2 anawar
L \ LA
\, | (‘;. .fj .::- \\ ‘
N\ L,/ - L £ P
/ . Q \}.f"_.--f
T /@"‘L Filed By
DEEPAK BORA
Counsel for the State of Uttarakhand
17, New Lawyers Chambers
reution of thetoxh MAWMNGE. | wy :
admitted and signed before meby * Setalvad Block,
Srirgmt. Cnamthizsan Aol 2: %”}, N |
Which identified |y ShriXtmod W » Saprghn Supreme Court of India

In the Distt. Court nremises of my
Office at Harwn

New Delhi-110001

‘ ¥
at_ O ~r' ______ LATIP P Mobile No. 9971578987
/:"”e%,nrf"”" - %\Q-'D‘

Ranm Gopal Agarwal
Notary Advocate
Government of India

Distt. Court Haridwar (UK.}
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ANNEXURE A
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TRUE TYPED COPY

From.

Chiet Engineer,
[rmgation Department,
Dehradun,
Uttarakhand

I‘U.

The Registrar

Hon'ble National Green Tribunal
Principal Bench,
New Delhi

Letter: C-10/MUA/CV/Dehradun/NGT/ Date: December 07,2024

Subject:- Regarding order dated 27.11.2024 passed in Original Application

No. 483/2022, Vipin Nair Vs. Union of India & Others, filed in Hon'ble NGT,
New Delhi.

SIE.

In continuation of the letter referred to above, please refer to the hearing of
Hon'ble NGT New Delhi dated 27.11.2024. A copy of which has been received
in this office. It 1s to be informed that the above property talls within the flood
plain zoning defined in the Ganga Rejuvenation Order 2016 by Hon'ble
National Green Tribunal that both the above properties are located outside
the limits of the prohibited area (25-year flood frequency) and restricted area
(100-year flood frequency) of the Ganga River Flood Zone situated on the right
bank of the Ganga River in Rishikesh under Dehradun district.

Status of both Flood Plain Zone Regarding Ganga Rejuvenation Notification
2016 and Criteria adopted for Flood Plain Zone, it is to be informed that the
llood plain zone of the right bank of the river Ganga tflowing in Dehradun
district has been determined by the State Government by issuing Notification
No. 41/11 (2)/2024-06(18)/2020 dated 08 January 2024 in accordance with
the relevant sections of the Uttarakhand Flood Plain Zone Act 2012. This
notification is in accordance with the criteria of flood plain zoning given in the
‘ won No. 3187 (A) dated 07.10.2016 of the Ministry of Water Resources,

opment and Ganga Conservation, Government of India. It is
e definition and classification of flood plain area as prohibited
areas by the guidelines of NDMA in the year 2008, National

4
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Disaster Management Guidelines- It has been determined in accordance with
the instructions given in Para 6.1.4 of Chapter 06 of Management of Floods.

Apart from the above, the details of the methodology adopted in flood plain
zoning are attached and the actual situation is respectfully sent to the Hon'ble
National Green Tribunal, New Delhi.

Attached as above

(Chandra Shekhar Singh)
Chief Engineer

Letter No.- / MU/CV/NGT/T Dated |

Copy:-

1- Shri Deepak Bora, Panel Advocate, Hon'ble National Green Tribunal,

New Delhi for respectful information and necessary action.
2- Sent to Executive Engineer, Irrigation Division, Dehradun, Hon'ble

National Green Tribunal, New Delhi for necessary action.

(Chandra Shekhar Singh)
Chief Engineer

19
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6. INCORPORATION AND ENFORCEMENT

e e e

6.1 Flood Plain Zoning

6.1.1 Concept

I'he basic concept of flood plain zoning is to control land use in flood plains
to restrict damage caused by floods. Therefore, the objective of flood plain
zoning is to determine the locations and limits of areas for development
activities in such a manner that the damage is minimized. Therefore, it
envisages setting limits on development of both unprotected and protected
areas. In unprotected areas, restrictions will be imposed on the boundary
lines of areas in which development activities are ongoing and this is to be
established to prevent indiscriminate development. In protected areas, only
such development activities may be permitted which will not involve heavy
damage if the protective measures fail. Zoning may not solve the existing

situation, however, it will certainly help in minimizing flood damage in new
developments.

Flood plain zoning is not only necessary in the case of flooding by rivers, but
1s also useful in reducing damage caused by waterlogging in urban areas
where drainage of city waters is not possible due to economic or other reasons,
and 1t anticipates some damage during storms whose magnitude often
exceeds that for which the drainage system is designed.

6.1.2 Pre-requisites for implementing flood plain zoning

The basic requirements to be taken care of before implementing flood plain
zoning are as follows:

(1) Broad demarcation of areas vulnerable to floods.

(11) Preparation of large-scale maps (1:10,000/1:15,000) of the area
vulnerable to floods with contours at 0.3 m or 0 5 m intervals.

(11)  Areas prone to different magnitudes of floods will be

——_ with reference to marked river gauges,

‘( Al\;ﬁ)\ﬁ ¢ extent of areas liable to be affected by floods of different

. }ﬁe( 1encies, for example, twice, five, ten, twenty ve

. ‘ ‘ars ete. Similarly,
\xtent of areas liable to be affected due to accumulation of

determined,
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ramwater may be affected by floods occurring at frequencies such as

O, 10, 25 and S0 years.
(V) Marking areas likely to be inundated at different flood stages or

providing rainwater facts on maps.

©.1.3 Incorporation of land use in flood prone areas

I'here can be different ideas for such regulations. For example, the area
affected by floods of 10-year frequency should be reserved only for gardens,
parks, playgrounds etc. Residential or public buildings, or any commercial
buildings, buildings of industry and public utilities should be prohibited in
this area. For living in the flood zone of 25-year frequency flood, construction
of stilts (columns) for residential buildings, minimum plinth level can be
allowed with certain rules like height, restriction on construction of
basements and minimum level of nearest roads etc. Buildings should be
doubled in urban areas. Ground floor can be used for schools and other non-
residential purposes.

6.1.4 Classification and prioritization of structures in flood plain zoning

Land use in floodplains can be grouped under three priorities regardless of
the damage that may occur to different types of buildings and utility services
and the floodplain zoning area in which they are located:

Priority 1: Defence establishments, industries, Buildings housing public
utilities such as hospitals, power installations, water supply, telephone
exchanges, aerodromes, railway stations, commercial centres, etc. should be
so located that they are at a level above the 100-year frequency flood.
Similarly, they should be built to withstand a O0-year rainfall and

submergence due to waterlogging.

Priority 2: Buildings in public institutions, government offices, universities,
public libraries and residential areas should be elevated at a level above the
25-year flood or 10-year rainfall level, with all buildings in vulnerable zones
being built on columns or stilts as mentioned above.

very city has specific open spaces and playgrounds, it is essential
hem by limiting construction in such sensitive zones. Gardens
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are necessary, and the development of parks and playgrounds contributes to
creating a healthy environment for the city's growth.

Similarly, certain areas on either side of existing and proposed drains
iincluding rural drains) should be declared as green belts where no building
or other activity should be permitted. This will not only facilitate the
improvement of these drains in future to take the discharge due to increasing
urbanisation but also help in minimising the damages due to stagnation of
water whenever rainfall is more than the design amount. These green belts at
suitable places may also be developed as parks and gardens.

6.1.5 Flood Plain Zoning Regulations

The Central Water Commission (CWC) has consistently urged states to take
necessary actions to implement the flood plain zoning approach. In 1975, the
Central Government circulated a model draft bill for flood plain zoning
legislation to all states, which is included as Annexure-6/1. However, there
has been resistance from states to comply with various aspects, including
enacting legislation on flood plain zoning. While the State of Manipur passed
a law for flood plain legislation in 1978, it has yet to finalize the demarcation
of flood plain areas. Similarly, Rajasthan enacted a law for flood plain
management but has not taken steps to implement it. Other states and Union
Territories, including Assam, Goa, Himachal Pradesh, Chandigarh, Delhi,
Lakshadweep, and Sikkim, have indicated no current plans to enact flood
plain management laws. In contrast, some states have initiated measures.
Uttar Pradesh has committed to regulating economic activities in flood plains,
and Bihar is working on preparing flood plain zoning maps, which are
orerequisites for further action. West Bengal reported progress on drafting a
flood plain zoning bill, and Madhya Pradesh has demarcated flood-prone
houndaries for 36 towns, taking administrative measures to define flood plain
areas. Despite these efforts, many states have yet to communicate their stance
on flood plain zoning. The primary reasons for reluctance appear to be
population pressure and the lack of alternative livelihood options, which
complicate the implementation of flood plain zoning regulations.

The flexible and lax response of the authorities duly authorized and approved
bv the States and sometimes city planning authorities towards enactment and
-nforcement of flood plain regulations has led to a significant increase in
yachment in flood plains. The State Governments/State Disaster
.ment Authorities have failed to implement and implement appropriate
oo to implement flood plain zoning regulations by March 20009.

18
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0.2 Incentives and penalties for states to enact and enforco floodplain
coning repulations

Ihe Mimistry of Water Resources, in consultation with the State Government
and the CWC, will regulate the flood plain zoning rules Will develop a scheme
of mecentives and disincentives regarding central assistance to encourage
states for incorporation and enforcement.

6.3 Encroachment into waterways and natural drainage lines

State Governments may consider removal of buildings /structures obstructing
existing natural drainage lines.

- any case and with immediate effect, unplanned development will be
restricted by the State Governments/State Disaster Management Authority

so that structures which obstruct natural drainage are not constructed or
result 1in increased flood risk.

6.4 Construction of buildings in flood prone areas

bv-laws for The following provisions shall be incorporated by the State
Governments/State Disaster Management Authority/Local bodies in the
building bve-laws for buildings in flood prone areas:

a) Plinth level drainage of all buildings should be 0.6 m above flood
submergence lines.

b) In areas prone to flooding, all buildings should preferably be double and
have more than one storey.

‘n single-story buildings, staircases should always lead to the roof to provide
remporary shelter during floods, while the roof level of single-story structures
and the first floor of double-story buildings should be constructed above the
100-year flood level to facilitate proper drainage. Flood-proofing measures aim
1o safeguard people and property by offering temporary refuge during periods
of flood-related danger.

5.Legal framework work to make infrastructure flood resistant

_-ﬂ:ﬂ-“.“-:_-.._..w
es { L \
e
L

. APPropYig¢e steps neec to be taken by various organizations like Indian
Railways, National Highways Authority (NHAI), State Public W P
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Departments, BRO ete. in flood prone arecas to make the infrastructure
resilient or resistant to floods. While constructing railway lines and roads,
sometimes proper care is not followed in aligning, locating and designing with
respect o height and width with regard to providing adequate bridges,
Culverts, vents and causeways for the passage of embankments and storm
water. The topmost level of railway road embankments is not kept above the
lood level. It may be mentioned here that the flood level in the catchment area
s likely to increase substantially if the following activities take place such as
reduction in vegetation cover, deforestation, settlement of population, as also
reduction in flow due to inadequate size of bridges, culverts, vents and
causeways. This results in flooding and increased stagnation of water in the
area. An appropriate legal framework will be developed by the State
Governments/State Disaster Management Authority to ensure that the
irrigation facilities of the State are maintained. Plans for construction of
Infrastructure in flood-prone areas from flood control/water resources

departments be mandatory to obtain approval for and ensure protection from
floods And all this will be done in due time.

6.6 Survey of flood prone areas

At least one river for preparation of maps One of the main requirements for
implementation of flood plain zoning measure is availability of survey maps
at appropriate large scale for proper identification of vulnerable areas and
preparation of flood risk maps. CWC initiated a programme for survey of flood
prone areas under Central Sector through Survey of India (SOH) in 1978 as a
pilot scheme to assist State Governments in preparation of flood risk maps.
Out of 106,000 sq. km area in the country, about 55,000 sq. km was identified
as frequently flood prone. The survey was carried out in the States of Bihar,
Assam, Uttar Pradesh, West Bengal, Punjab, Haryana and Jammu &
Kashmir. Maps on scale of 1:15,000 with contour interval of 0.3 m / 0.5 m
were made available to the States. These maps cover areas along the main
river Ganga and its tributaries Yamuna, Ramganga, Rupnarayan, J alangi and
other flood prone rivers of West Bengal like tributaries of Brahmaputra like
Barhi, Diing, Desang and Dikhu, Nal Sutlej and Ravi, which were earlier
identified by the State Governments and taken up in a phased manner as per
priorities indicated by the States. A total of 570 maps (109,267 beds) for scale
1:15,000 were prepared and sent to the concerned State Governments as well
as GFCC and Brahmaputra Board for preparation of Flood Risk Zone Maps.
However, no progress has been made by any of the States to finalise and
Igis¢ such maps. It is recommended that each state adopt these maps on
t ﬁe 1S, selecting at least one river for the preparation of detailed flood
aps. \I'he Central Water Commission (CWC) should Identify specific
,study and provide a comprehensive report outlining the benefits

20
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and challenges encountered during the process. In case the 1:15,000 scale
maps are available, the same process can be attempted on larger scale
1:25,000 or 1:50,000 maps, which are available for all areas of India. A
Memorandum of Understanding was signed between the CWC and SOJ in

March 2006 for digitization of the above maps and it 1s targeted for completion
111 TWO vyears.

ndian Space Research Organisation (ISRO) has formulated a programme for
DMS services for the Eleventh Five Year Plan period, in which “Creation of
digital, thematic and cartographic data base for hazardous area and
realization of national data base for risk assessment and emergency
management” has been identified as one of the programme elements. Under
this programme, ISRO and NRSA have planned to develop near contour
mformation of the ground using Airborne Laser Terrain Mapping (ALTM)
system covering about 1 lakh sq km (10 million hectares) per year with a view
to cover all major flood prone areas over a period of five years. The fencing of
the area to be surveyed will be done by them in consultation with CWC so
that the most vulnerable areas are identified and can be covered first.

6.7 Wetlands: Conservation and Restoration

Wetlands available to accommodate flood water provide effective flood control.
Existing wetlands should be revived and maintained properly. Flow of fresh
water into these wetlands should be ensured. Re-evaluation of existing
wetlands/natural  depressions  will be  undertaken by  State

Governments/State Disaster Management Authorities and they will prepare
an action plan to utilise them for flood control.

6.8 Watershed management including catchment area treatment and
afforestation

People who depend on water resources for their health, livelihoods or quality
of life play a meaningful role in managing the resources. Through such active
and comprehensive involvement, the watershed approach can help develop a
sense of community, reduce conflict, increase commitment to the actions

d_to meet society's goals and, ultimately, improve the likelihood of
A Jong-term environmental improvements.
s
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I'he Ministry of Agriculture and the Ministry of Environment and Forests, in
collaboration with the National Disaster Management Authority, MoRR and
State Governments, will implement watershed management, including
watershed management and afforestation programmes to improve land and

water management, resulting in flood control and sediment management in
I'IVers.

6.9 Coordination and Implementation

Watershed management, though not very effective in case of major floods,
helps in controlling minor and medium floods. It is also very effective in overall

land and water management. It reduces soil erosion and reduces the total
sediment load of rivers.

A watershed is identified as the ideal geographical unit for planning and
executing development programmes aimed at achieving rational use of all
natural resources for sustainable development with least damage to the
cnvironment. It is essential to ensure efficient use of rainfall and safe disposal
ol runoff and the watershed approach is best suited to accomplish this goal.
The watershed approach can help enhance the local and regional economic
viability of the FM objective in ways that are environmentally sound and
consistent with watershed objectives. The watershed approach strengthens
teamwork between the public and private sectors at the national, state and
local levels to achieve the greatest environmental improvement with available
resources. It 1s important that appropriate action is taken to restrict the
incorporation of development activities in flood plains, preventing obstruction
and encroachment of waterways, reviving, conserving and restoring existing
wetlands and depressions, etc.

An appropriate technical effort has been made to implement these laws. The
ULBs and PRIs have laws to ensure that buildings and infrastructure in flood
plains are resilient to floods. The State Governments establish mechanisms
for enforcement of the acts, laws and rules made by them and 1dentify officials
who will be responsible for their implementation and make them accountable
for any lapses/violations.

The National Disaster Management Authority will coordinate the
establishment of mechanisms and enforcement by the concerned Central
Ministries and Departments and State Governments/ State Disaster
Management Authorities/DDMA based on these guidelines. The main

e of this effort 1s to enable DM structures at various levels to expand
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__ANNEXUREB _

FLOOD PLAIN ZONING METHODOLOGY ADOPTED
FOR RIVER SYSTEMS OF UTTARAKHAND
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. Flood Plain Zoning
Flood plain management aims to regulate land use in flood-prone arcas to mimimize damage

while maximizing benefits. By identifying areas at risk from floods of different magnitudcs,
Jevelopment can be planned to reduce potential damage. Flood plain zoning disseminates
nformation on tlood risk to prevent unplanned development in both protected and unprotected
areas. Recognizing that floodplains belong to rivers, it promotes development that aligns with
flood risks. The Central Water Commission (CWC) first issued floodplain zoning guidelines in
1073-74, followed by a model draft bill in 1975. The Uttarakhand Government enacted the
Flood Plain Zoning Act in 2012, and following the 2013 Kedamath floods, the Hon. Supreme
Court and Hon. National Green Tribunal emphasized the importance of defining river
boundaries to regulate land use. The scope of work provided above and the expected

deliverables are inline to meet the guidelines provided by national Disaster Management Act
Jan 2008

2. Objective of Study

Flood-plain zoning is a flood management approach that respects a river's natural flow and
limits development within its floodplain. It involves mapping areas affected by floods of
varying magnitudes and frequencies, and regulating permissible developments in these zones.
The goal is to define floodplain boundaries based on river geometry and hydraulic

characteristics for major rivers in Uttarakhand. It also aims to 1dentify areas at risk from high
discharges during floods and flash floods, using modeling results for different flood

frequencies, such as 5, 25, 50, and 100-year return periods.

3. Methodology:

Whenever we are going for the flood Plain zoning works so in that case, we have two types of
—atchments first one is gauged catchment and the other one is ungauged catchment. To
Determine the flood plains for Syr, 25yr, 50yr & 100yr return period, discharge calculation
~eeds to be done as per the availability of the data, so the discharge calculation will depend on
the type of catchment weather it 1s gauged or ungauged. Here discharge preparation steps for

different return period and modeling steps for gauged catchment and ungauged catchment

tioned separately.
m £

3.1 F‘ovojda;xcd Catchment:

To estimite the esign flood using flood frequency approach, the following procedures shall

L' *\0/ (SE)
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(a) The thood peak series shall be checked for rmndomness. homogeneity, trend, jump, outhers
S using appropnate statistical methods.
) Flood frequency analysis shall be carried out using time series of instantancous annual flood
eak. Rasad on the hourly gauge data the observed annual flood peak shall be converted into
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. the instantancous annual flood peak time serics, the flood frequency analysis shall be

11.H'.‘\h
LR St

camad out using standard frequency distributions such as Gumbel, log Pearson type-III and

Lo Normal distnbutions ete. to estimate the desired retum period flood.

3} Geodness of fit test for the frequency distribution shall be carmed out using standard
stanstical tests such as Chi Square, D-Index etc. to assess the appropriate frequency distribution

tor the data set and decide the appropriate design flood.
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Fig.1 Flowchart of methodology of Flood Plain Zoning

1.2 For Ungauged Catchment
silability of historical discharge data is the prime information required to proceed for

fons \he other locations where scanty or intermittent flow data are available does
.ﬁ"

EY
? | S &)

P — —t_ =
el g e o

== e, Y

—— = =
i e =

= T - e A T A



127
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Fig.2 Flowchart of methodology of Flood Plain Zoning

convoluted with return period rainfall for getting design flood hydrograph for desirable return
periods. In figure 2 flow chart depicts the methodology adopted for ungauged catchment.

3.2.1 Estimation of design Flood
To obtain design flood of required return period the effective rainfall for design storm duration

is to be applied to the unit hydrograph of a catchment. Procedure for computing design flood
peak and design flood hydrograph for T year return period by SUG approach is as under;

a) Computation of design flood peak |
The process of estimating a design flood peak begins by developing a synthetic unit hydrograph
(SUH) using catchment physiography. Next, a suitable design storm duration (TD) is selected

to maximize discharge. Then, design storm rainfall and effective rainfall increments are

TL. ﬂulﬁm} The surface runoff is derived by combining effective rainfall with the SUH. F inally,

- a M r
| t’dk

s obtained by adding the base [low to the total surfuce runoff
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b)  Design fleod bydrograph

to wet the eritical sequence. Multiply each 1-hour cftective rainfall umit by the unit hydrograph
(UH) ordinates to obtain direct runofl, applying a I-hour lag for each successive rainfall value.

Sum these direct runoff ordinates to form the total direct runoff hydrograph. Finally, add the

base flow to the direct runoff to obtain the final 50-year flood hydrograph.

As our study area, falls under Western Himalayas it comes at Zone-7. The equations for

developing the Synthetic Unit Hydrograph have to be followed by the guidelines provided by
CWC.

4. Hydraulic Modelling

Hydraulic characteristics like water surface elevation are crucial for understanding floodplain

behavior in response to flow. Hydrodynamic models, now primarily computational, simulate

water movement to study river hydrodynamics. HEC-RAS is one such tool used for modeling

river channels and floodplains. Hydraulic modeling helps countries like the U.S. plan flood

mitigation measures, including bridges, levees, and dams. Numerical models use mathematical
equations to represent water movement, incorporating factors like land use, conveyance, and

water volume to assess river impacts on surrounding areas.

4.1 HEC-RAS Model
HEC-RAS, developed by the USACE, 1s widely used for calculating river hydraulic

characteristics through water surface profile modeling. It requires river cross-section data and

upstream flow rates to compute water depth and velocity using the energy equation. The model

integrates with GIS to overlay water levels on a Digital Elevation Model (DEM) for flood
extent and depth analysis. HEC-RAS supports both one-dimensional and two-dimensional
models, recognized by FEMA for flood mitigation planning. However, India's challenge lies in
the lack of gauged rivers and limited accessibility to high-quality hydrologic data for hydraulic
modeling. HEC-RAS remains popular due to its reliability and free availability,

The general data required to build a hydraulic model are

] rface roughness values typically derived from land use/land cover (LULC) data
—EA @ | ﬁ’ Jevation model (DEM) derived [rom topographic data, and computed hydraulic
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css vilues can be estimated [rom sutellite imagery 1f LULC datasets are

'he surtice roughn
the conveyance arca of the modcl, and thus, can greatly affect

not available. The DEM forms
the output of hvdraulic models.

4.2 Data Needed for Model Development
There are three main data inputs required to build a model.

First is the discharge or flow of water entering and exiting the model. The discharge

flowing into or out of the model and the corresponding locations along the outer

perimeter of the flow area are referred to as boundary conditions.

e Second is the Manning’s “n” roughness coefficients representing the land’s frictional

resistance to flow derived from land use data.

o Third is the topography of the model area in the form of a digital elevation model
(DEM), which is prepared using surveyed cross sections data using Total

Station/DGPS/Drones as well as open or paid DEMs which further helps us to derive

the wrregular terrain on the bottom of the flow area grid.

4.3 Software Deployed
ArcMap 9.3, a GIS software from ESRI, was used in this study for most GIS tasks, with HEC-

RAS to prepare input files for model and visualize hydraulic modeling results as inundation

depth maps. HEC HMS was also deployed for determining catchments delineation &

characterization. The final flood inundation maps were created in GIS.

5. Result Analysis and Physical Validation

For validation, the modeled flood extent of flood is to be verified physically with concerning
engineers of the dept along with team of consultant and necessary changes were incorporated

based on field inputs. Flood lines were also reviewed using software like google earth and

various satellite imageries.

6. Sensitivity Waterway

The estimated discharge at 25-year return period for each flow change location have been
considered to calculate the required channel width or Lacey's Waterway In boulder reach of the
river, the practice of providing waterway varies a great deal. The waterway ranging from 0.25

Q-yme Lacey's Waterway shall be provided depending upon the topography prevailing at
spat study, the areas where the natural waterway is less than 0.65 times the Lacey's

cen considered as sensitive. (Source: Theory ang Design of Irrigation
.. 0

CSE) 5
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7. Result & Findings

has been preparcd using tlood propagation modeling using the

The flood mundation arca nap

values of the roughness od from an automatic calibration

C ameters obtain
- woptimal paramelers

aerformed with HEC-RAS in GIS environment.

ith computed water depths and rate of flow are used to derive the

The return period together w
were considered and average

p. In this study, discharges at defined return periods

hazand ma
ach cross-section. The modeled and actual

bed slope was used as boundary conditions for €
qood lines of 2013 are matching and hence, the selection of normal depth as boundary

~ondition 1s appropriate and reliable.

8. Flood Lines Demarcations
Atter conducting a joint field validation, the process of demarcating flood line

marking specific points along the river's floodplain at regular intervals of 50 meters. This 1s

done using GPS devices, which provide accurate geographic coordinates for each point. The

s involves

flood lines are marked for two specific return periods: the 25-year and the 100-year floods

9. Flood Protection Measures
The areas with settlement along the river has been considered as critical areas and the same has

heen analyzed for required minimum waterway. Critical areas are determined for analyzing the
available and required waterway. The required minimum waterway as worked out above using

_acey's Equation was compared with the natural water at 25-year return period flood.
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