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BEFORE HON'BLE NATIONAL GREEN TRIBUNAL PRINCIPAL

BENCH, NEW DELHI
OA NO 477/2022
In re:
RAJENDER GANGSARI ~Applicant
VERSUS
'?.TATF OF UTTARAKHAND & ORS .Respondents

| Jai Lal Sharma aged about 5§ years
s/o Late Sh. B.R. Sharma presently
posted as Joint Secretary, Govgmment
of Uttarakhand, Dehradun

\

Depoanent

ADDITIONAL REPLY BY WAY OF AFFIDAVIT ON_BEHALF
RESPONDENT NO 1, CHIEF SECRETARY, GOVERNMENT OF
UTTARAKHAND, DEHRADUN IN COMPLIANE OF THE ORDER
DATED 20.11.2024.
Most respectfully showeth;

| above named deponent does hereby solemnly affirm on oath and state as
under:-

I. That the deponent is posted as Joint Secretary, Government of Uttarakhand,
Dehradun. The deponent is well acquainted with the facts and circumstances
of the case and its fully competent to sign and swear the instant affidavit.
That the above mentioned matter was listed before the Hon'ble Tribunal on
20,11.2024 and the hon’ble tibunal was please 1o pass the following order:

“2, Learned Counsel appearing for Respondents No. 1, 3 and 7 has
submitted that a draft notification has been issued by the Irrigation
Department, State of Uttarakhand under section '8 of Unarakhand
Barh Maidan Parikshetran Adhiniam, 2012 for
demarcation/regulation of the flood plains of River Asan from Bhana
Fall to Asan Barrage (about 53 kilometers length). She is directed 1o

!J
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file a copy of the notification with a supporting affidavit disclosing the
Jull details of the area covered by the said notification along with the
methodology that has been adopted for demarcation of the flood plain
and dalso disclosing if the river Asan is covered by the Ganga
Rejuvenarion Order 2016 and if yes, if the demarcation is in terms of
the said notification, Let the affidavit to this effect be placed on record
within 10 days.

7. Respondents No, 1, 3 and 7 will also clarifv in the affidavit if the
waste processing plant under consideration falls within the flood plain
of river Asan and also if it falls within the Ramsar Site of Asan
Wetland Conservation Reserve in Dehradun, Uttarakhand. .
. List on (07.03.2025.

Copy of the order is annexed herewith as ANNEXURE A

S.NO | Issues raised Reply |

T She is directed 1o file a copy | On 19,11.2024  Irrigation
of the noftification with a | department, Uttarakhand
supporting affidavit | issued Draft Interim
disclosing the full details of | notification no: 1141/11-2-

the area covered by the said
notification along with the
methodology that has  been
adopted for demearcation of
the flood plain

2024-06 (50)2024 as per
section 8 of Uttarakhand
Flood Plain Zone act 2012
(Uttarakhand Barh Maidan
Parikshetran Adhiniam,
2042). That the copy of the
draft  notification  dated
19.11.2024 along with the
details of the area covered by
the notification and
methodology  adopted  for
marking flood plain zone is
annexed herewith as
ANNEXURE B
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River Asan is the tributary of |
River Yamuna, as per. as per
Ganga rejuvenation
Notification 2016 clause 3
defines “mibutaries of River
Ganga" means those rivers
or streams which flow into
River Ganga and includes
Yamuna River, Son River,

also disclosing it the river
Asan Is covered by the
Ganga Rejuvenation Order
2016 and if ves, if the
demarcation is in terms of
the said notification.

Mahananda  River, Kosi
River, Gandak River.
Ghaghara River and

Mahakali River and their

| fributaries,, " Pursuant to this

rd ition  Riv 1
e tributary of river Yamuna is
oOT1A ;5\ also_Sub- tributary of river
'L‘ Ny ganga. In accordance with
.
e | the  Uttarakhand  Flood

SINGH® *

ll'_ ) [.II'.-l. |

Planning Zone Act 2012, the
100 vears flood mark has

G"—.ﬁ‘eﬂ“'-’-“'fﬂiliU'fj.-"_:_- also  been  taken into
.-c‘% et L0 consideration.
ARARY Uttarakhand Flood plain

Zone Act 2012 annexed
hereto as Annexure C

wiaste processing plant under
consideration falls within the
Sfood plain of river Asan and
if it falls within the Ramsar
Site  of Asan  Wetland
Conservation  Reserve  in
Dehradun, Uttarakhand

Sheeshambada plant is on the
right Bank of River Asan,
152 m away from 100 vear
flood Frequency line. The
Ramsar Site of River Asan is
located approximately 23.5
km Upstream from River
Asan Wetland Conservation
Reserve. Annexure D

3. That the deponent is a responsible government servant having highest regard
for the Hon’ble Tribunal and orders passed by them. That the deponent has

=
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always made sincerest efforts to carry out the orders passed by this Hon'ble

Tribunal in its letter and spirit and shall continue to do so in future.

VERIFICATION

b

Deponent

I Jai Lal Sharma, Joint Secretary, Government of Uttarakhand do hereby
verify that the contents of this affidavit are true and correct to the best of my
knowledge and belief. No part of this affidavit is false and nothing material
has been concealed therefrom.

Verified at Dehradun on this 242 Day of January 2025.

Identified Ey___,r&n__
LP' L. Maufi ¥ n.,|J

Execufive Emgpmpds
IﬂT}B Ak Divi 5‘,',‘;,-,?
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ltem Mo, OF Court No. 1

BEFORE THE NATIONAL GREEN TRIBUNAL
PRINCIPAL BENCH, NEW DELHI

O=nginal Application Na. 477 /2022

Rajender Gangsari Applicant

Versus

State of Utterakhand & Ors. Respondent(s)

Datz of hearing 20.11.2024

CORAM; HON'BLE MR, JUSTICE PRAKASH SHRIVASTAVA, CEAIRPERSON
HON'BLE MR, JUSTICE ARUN KUMAR TYAGI, JUDICIAL MEMBER
HON'BLE DR. A. SENTHIL VEL, EXPERT MEMBER

Apgtlioani M. Gavray Kamar Banao Me Nandio Binsk) My, Chard fies
Uppdbyoya & Mu Komal Sharme: Adve for Agplicane

Me. Curay Ageewal & Mr Sarthale Kales, Adva, {Anticus Clirias)

Respandents: Ma Asjali Hajpor, ddv. for R - |, 3 & 7 with Mr. Jalpal Singh, HOD, M-
Sanj=y Fal, 5.8, Irvigaoon Bemartiment
Mr. Marish Kumas, Mr. Rohit Dhiman, Mr. Piyush Kaushik & Ma
Aphrajita Jhe, Ades. with Mr Gaursy Kusmar, Municipal Commissiones,

agnr Nigem Pehmdun
Ms. Vit=ala Trpath., Adv, for Mr. Mubesh Yeoma, Ads, o URPCE

Through VC)
ORDER

1. A letler has been chreulated by the Counsel fur the Uttarakhand
Follution Control Boare dsaldng adjournment on the persunal pound. A

P e

y’felo;‘: fﬁ }\_\ prayer for shor: adjouwrnment Eas alse been made by the Counsel for the

Learnied Counse] appenning for Respondents No 1, 3 and T has

" submitted that a draft notification Mos been (ssued by the Irmigation
Depurtment, State of Ustamakiand undar section 8 of Uttarakhand Barh
Maidan Parikshétron Adhiniam, 2012 for demarcation/regulation of the
flcod pluins of River Asar from Bhatts Fall to Asan Barrage (about 53

kllometers length), She ls'directed o Ale o copy of the natification tith
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supporting aflidavit disclsliig the Rall detalls of the aren covered by the
sald notification along with the methodology that has been adopred for
demarcation of the fMlood plain and also disclosing if the river Asan s
cavered Dy the Ganga Rejuvenztion Order 2016 and if yes, if the
demarcation is in terms of the uaid notifieation. Let the affidavit to this
effect be placed on record within 10 days.

3. Learned Counsel for Respondent Ny, 4 has pointed out that in
terme of the previous dirdction. the affidavit dated 14.11.2024 has been
filed.

4. It will be open to the Applicant and all the concerned parties 1o file
response fobjection to the said affidavit within 10 days.

5. Leared Counsel for Respondent No. 4 has submitted that the
legaey waste [estiniated to be 4.2 lakh MT) will be cleared/remiediated
within 20 months and this timaline has. already been disclosed in the
affidavit doted 14.11.2024 He Has also submitted that the contract in
thia#mrdhuuhmdyhumn“mdﬂnudwnrkwﬂi:ummmmﬂm
mobilization of resources within one month.

m

/ Q sl }"'G In view of the above stutemint, further personal appearance of the

- "‘JME%EH ﬂmmtmm‘ Municipal Corporation, Debiradun js exempted.
)

h% E!ﬂ Mo, mmilﬂﬂ 'ti.'-'* ' Respondents No. 1. 3 and 7 will also clarify in the affidavit if the

N A A “\}iﬂlﬂ: pracesning plant under conmideration falls within the flood plain of

AR&.-- river Asan and alsp if It falls within the Ramsar Site of Aszn Wetland
Consarvation Reserve in Dehradun, Uttaralhund.
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8. Respondent No. 4 ia directed to file o further affidavit disclostng the
details of the manner of remediation of the legacy waste and disposal of

nert etc. and the current level of wists gencration and gap in processing,

Q Liat an G?.U:i.:.-!ﬂ?_ﬁ.

Frakash Shrivastava, CP

Arun Kumpr Tyagl, JM

Dr. A. Senthil Vel, EM

November 20, 2024 _
Original Application No. 477/2022
dv..
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FLOOD PLAIN ZONING METHODOLOGY ADOPTED
FOR RIVER SYSTEMS OF UTTARAKHAND
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1. Flood Plain Zoning _
Flood plain management sims to regulate land use in flood-prone arcas to minimize damage

while maximizing benefits, By identifying arcas at risk from floods of different magnitudes,

development can be planned to reduce potentinl damage. Flood plain zoning disseminates

information on flood risk to prevent unplanned development in both protected and unprotected
areas. Recognizing that loodplains beloag to rivers, it promotes development that aligns with
flood risks. The Central Water Commission (CWC) first issued floodplain zoning guidelines in
1973-74, followed by a model draft bill in 1975, The Uttarukhand 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 1o 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 & 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 flopdplain boundaries based on river geometry and hydmulic
characteristics for major rivers in Uttarakhand. It also aims to identify 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

g B

'67‘:1 et first one is gauged catchment and the other one is ungauged catchment. To

',“. X L ‘. "'-k‘lhe ﬂml Plli-n’ rﬂ{ S?r, 2_5}1-. 50)![ & ]m’r m mrimi. 'd.i..'lﬂhnrgt ﬂll‘ﬂllﬂﬁﬂﬂ
_;‘MIH% ne as per the availability of the duta, so the discharge calculation will depend on

Ocle =

: |
: | Dehyaon hwgq:nwhmmt weather it is gauged or ungauged. Here discharge preparation steps for

Nosgi() sk
by dijﬁﬁ:ﬂ@ﬂum period and modeling steps for gauged catchment and ungauged catchment

3.1 For Gauged Catchment:
To estimate the design flood using flood frequency approach, the following procedures shall

be adopted:

l‘_‘_}f 153 o |
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(1) The flood peak series shall be checked for rndomness, homogeneity, trend. jump, vutliers
¢le uging appropriote statistical methods.

(b) Flood frequency analysis shall be carried out using time series of instantaneous annual flood
peak. Based on the hously gauge datu the observed annual flood peak shall be converted into
instantaneous flood peak.

(¢) Using the instanmneous annual {lood peak time series, the Mlood frequency analysis sholl be
carried out using standard frequency distributions such as Gumbel, log Pearson type-Iil and
Log Normal distributions ete. to estimate the desired return period flood.

(d) Goodness of fit test for the frequency distribution shall be carried out using standard
statistical tests such as Chi Square, D-Index eto. to nssess the sppropriate frequency distribution
for the data set and decide the appropriate design flood.

Flaw Anilysls and Modellng

|

|

|

i

i) Gosgle Earth |

- =3 i . 1

|

Analysis of satellite data for extracting the er crosy sections at| |
river flow paths and flsod delineation ' :
l.. _.a'-.'-_-._s...r"-__,...'..__'_-_:.;u_... :
i il
|
i

3.2 For Ungauged Catchment
The availability of historical discharge duta is the prime information required to proceed lor

Flood Plain Zoning (FPZ) unalysis. The major sites sonsitive to FPZ are not within the vicinity
of the gauged site. So, the analysis for ungauged analysis is to be taken care of. Besides the
gauged locations the other locations where scanty or intermittent flow data are available does

¥l 2
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wot give a clear scenario of the Mlow patiern. Al ungauged locations, determining the discharge

is nlways o challenge for doing subscequent hydrological unalyses. Simultancously it is also

difficult to put the gauges at all salient locations.
Rainfall data is obtnined from IMD as well as PMP atlas, using those rainfall data return period
rum[u]l is dc:cnmn:d for Syr.zjyr.,ﬁrbvr & 100yr. !'urthm'mm dnn-.rnd Unit Hydmgmph is

Spatial
dutn
|
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convoluted with return period rainfall for getting design flood hydrograph for desirable retum
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 retum period the effective rinfall for design storm duration

is to be applied to the unit hydrograph of @ catchment. Procedure for computing design flaod
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 & design flood peak begins by developing a synthetic unit hydrogmph
{SUH) using catchment physiography. Next, a suitable design storm duration (TD) is selected
to maximize discharge. Then, design storm rainfill and effective rainfall increments ure
calculated. The surface runofT is derived by combining effective rainfall with the SUH. Finally,
the Nood peak is obtained by udding the base flow to the tolul surfuce runoff.

e S .

" bﬁ\‘\""'ﬁ~ . -.-"'.&Q ;
Fig:2 Flowchart of methodalogy of Flood Plain Zoning é@'ﬂ RA}%‘ .
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b) Design flood hydrograph
To compute the design flood hydrograph, first reverse the sequence of effective rainfall values

to get the critical sequence. Multiply each I-hour effective rainfall unit by the unit hydrograph
(UH) otdinates t obtain direct runoff, applying a |-hotir lag for each successive rainfall value,
Sum these direct runoff ordinates to form the total direet runoff hydrograph. Finally, add the
base flow 1o 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, is widely used for caleulating 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-dimensicnal and two-dimensional
models, recognized by FEMA for flood mitigation planning, However, India's challenge lics in
the lack of gauged rivers and limited accessibility to high-quality hydrologic data for hydraulic
ﬁ_:ﬁl‘l_if]ing. HEC-RAS remains popular due to its relinbility and free availability.
01‘%‘?&?\[&“ required to build a hydmulic model are

ghness values typically derived from land use/land cover (LULC) data
 Hlevation model (DEM) derived from topogriphic data, and computed hydraulic

Bais
(_'E &)
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imugery il LULC dutasets ure

The surfiice roughness values can be estimmted from satellite
d thus, can greatly affect

not available, The DEM forms the conveyance wrea of the model, an
the output of hydrulic models.

4.2 Data Needed for Model Development
Thete are three main data inputs required o 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.

»  Second is the Manning's “n” roughness cocfficients representing the land’s frictional
registance 1o flow derived from land use data.

e Third is the topography of the model areq 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 irregular terrain on the bottom of the flow area grid.

4.3 Software Deployed

ArcMip 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 calchments 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

engincers of the dept along with team of consultant and necessary changes were incorporated
based on field inputs, Flood lings were also reviewed using software like google earth and
various satellite imagenies.

q. Sensitivity Waterway

A1/
%Q ---- The-##,ﬁmud discharge at Zi-yﬂr return pmoﬁ for each flow change location have been

G Sy the areas whm the natural walerway is less than 0.65 times the Lacey's
Oh‘ M}? hls been considered ns sensitive. (Source: Theory and Design of lerigation
Sﬁntum by Dr. Varshney)

C(SE)
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. Reg

7. Result & Findings |
The Nood inundation area map has been prepared using flood propagation modeling using the
“optimal™ values of the roughness parmeters
performed with HEC-RAS in GIS environment.
od water depths and rate of flow are used to derive the
riods were considered and average

obtained from an automatic calibration

The tetum period fogether with comput
hazard map. In this study, discharges at defined return pe
bed slope was used as boundary conditions for each cross-section. The modeled and actual

flood lines of 2013 are matching and hence, the selection of normal depth as boundary

condition is appropriate and reliable.

8. Flood Lines Demarcations
After conducting & joint field validation, the process

marking specific points along the river's floodplain at regular intervals of
done using GPS devices, which provide sccurate geographic coordinates for cach point. The
fload lines are marked for two specific return periods: the 25-year and the 100-year floods

of demarcating flood lines involves
50 meters. This is

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

been analyzed for required minimum waterway. Critical areas are determined for analyzing the
available and required watsrway, The required minimum waterway as worked out sbove using
Lacey's Equmimmmmpuudﬁithlbemunﬂwnmu?j—ymmmpnd flood.
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EXECUTIVE SUMMARY: -
India a5 a country his much of fis concem towards nutural calamities due to its logation, topography,

hydro-meteornlogical conditions. Out of many numbers of natural calamitics Mood constitutes one
of the major national calamities fuced nlmost every year resuliing in substanual loss of life, large
seale domage o property, disruption of community lifelines besides entniling Untold misery (o the
millions. Concerted efforts have been made over the years (o reduce the damage due to loods and
mitigate the sufferings of the people. Vanious structural Aood control measures were taken-up i the
' past including construction of reservoirs, embankments, drainage channels, ete: It is however, now
realized that absolute and permanent protection to all Nood prone wreas and for all magnitudes of
Moods by structural measures alone is impossible due to constraints of time, money and land. So, the

) emphasis will be on non-structural measures like Flood Plain Zoning and regulation, flood risk
< mapping, flood forecasting eic. to effectively supplement the struetural measures for providing
C? susitinable protection 1o flood affected areas.

} Unisrakhand is an Indlon Himalayan State known for its rich spiritual and religious tourism,
) ecological richness & diversity, and cultural ethos rooted in traditions, but it is also known for

) growing frequency and intensity of natursd disasters und for its fragility ol ecological und geological

systems. Consisting mostly of uplifted sediméntary & metamorphic rotks and wetonically very

! active, the region is vulnemble to natural disasters. Due to its geo-climatic, ecological and socio-
¥, econamic settings, Uttarakhand is one of the most disaster-prone States of the country,

) Floods of varying magnitude, affect low lying areas and river vallieys in Uttarnkhand, due to variability
- in the monsoonal rainfall. However, the rapid increase of population and developmientul activities in

) | - this hilly state aggravated the sityation.

e Cloudburst and related floods during August 1998 at Ukhimah (Rudrapryag) atd Malpa
.'if '::H" . /(f;ithqmgMI. August 2001 a1 Phata (Rudraprayag), August 2002 at Burakedar (Tehri), August, 2012
'\3_ = in Asl Gangm (Uttarknshi), September, 2012 at Ukhimath (Rudraprayag) snd June 2013 at Kedamath

f\ RegdleAS{Rudriprayag), Feb 2021 in Rishi ganga and Dhauliganga and the flood over most part of Uttarakhand
q:'--.,,_‘_,gmg:_zﬂﬂ are some of the examples of recent flood. Out of all the disasters the Kedamath flood

J %ﬁtﬁc WOrst.
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There are number of measures to mitigate the effect of Mood like Structural and Non-structural
measures. Due 1o the involvement higher cost, time and laned requirements the structural measures arc
scarcely used wherens due 1o easy implementation processes the non-structursl measures like flood
plain zoning, flood risk mapping, flood waming/forecasting are largely implemented, While flood plain
zotiing Is a proven technique for reducing the Neod damages, the state of Uttarakhand has adopted this
in principle to delineate the flood plain zoning lines in order to demarcate the areas along the food
plams sceording to the effect of flond damages as per NIOMA guidelines: The entire rivers selecied for

' flood plain zoning are divided in three lots. Rivers like Yamuna, Asan and its Tributaries, Thakhan,
” Chandrabhaga falls under Lot-1. The assigned reaches for the cormesponding rivers are mentioned in
_1 the Table below and a fotal of 287 km is processed for Flood Plain Zoning
)
) | Yamuna 145 Lot
I 2 Asan and its Tnbutaries 106 Lot-l
3 Jhakhan 28 Lot
B 4 | Chandrabhaga 8§ Lot-]
9 y 1
Imitiadly the survey work of the flood plain is done by using DGPS, Totml Station as well as Drone
J Suryey. The appropriate Digital Elevation Model 1s also procured for use in Hydraulic model. The
.. rainfull and discharge data is collected from respective sources. Dug 1o non-availshility of sufficient
) 0 discharge data, the two rivers (Jhakhan & Chandrabhagn) are treated ns ungauged and the discharge
) ulution is done on the concept of Synthetic Unit Hydrograph. The maximum rainfalls have been
# u]l-d\‘fmm PMP ATLAS and disageregation of the data is done as per the defined process. The

15 rgc is obtained afier performing eritical sequencing of the minfull. The dischorge values

\IREN 5{‘@]&
Inﬁ an the 5+, 25., 50- and 100-year return periody.
E-a!.m"t.r

45 )
M&Q’”uﬁﬁlehnm modelling is applied to the obtained design discharge. The HEC-RAS software is
e the analysis, Both 1-D and 2-D modelling annlysis is done to the given data. The cross-
ns obtained at 50 m interval, the DEM data, DGPS survey & Drone data are combined together

.5.“..?

Jj"

-

3 for u h}'hﬁd DEM which remain the input for our model. The design discharge data rempin the
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hydrologic input for the model, The local Manning's Constant (n) vahies are taken as per the river
streteh comfiguration. The ouiputs in the form of flood lines corresponding to 5, 25, 50 and 100-year
flood lines are obtained which are communicated to field sinfT for putting the marks at Hield ot 50 m

intervals. The suine has been done in presence of field stall a3 well as the Survey Lleam.

The tusk of placing the flood lines in the Shajra map is essential for finalising the Nood inundation lines
as well s fixing the flood zones 1.e the restrictive, prohibitive and waming zones. The same has also
been done and submitted 1o approprinte authority. Mean time twe workshops were held o Irrigation
Dept. Seminar Hall, ane on 7% Ogl. 2023 where the discussion on study area and approsch &
methodologies were discussed and in the second workshop on 12™ March, 2024, the oulcomes of the
analysis basically the flood lines and implementations are discussed. The remarks and suggestions for
improvements/comections were gladly nceepted and rectified in the present report. The flood plain
zenting work is highly essential for the rivers as the utility of flood plain is important doe to the land
constraimts. Further the frequency of flood and climate change driven floods are more frequent now
Sa, in one hand the safety of life and property and in other the increasing the wtility of land have 1o be

halanced, In that context, making flood plain zoning for sensitive rivers is the foremost siep.
I'his study regarding flood plain zoning completes all the scopes assigned to the specific problem

Expecting a healthy co-operation from all
Warm Regards

VISIONTEK CONSULTANCY SERVICES PVT LTD e
BHUBANESWAR
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LLO INTRODUCTION:

The whole of Utarakhand State s extremely vulnerable to severe nutural hueards. Located on the
southern slope of the Himalavan range, Uttarukhand is oné of the most disaster-prone states in
India. Due 10 its topography and geology, the state faces the risk of calamitous events like Mash Mloods/
floods, cloudbursts, avalanches, landshides, mudflows, and carthquakes, among others. Furthermore, i
must be noted that the frequency and intensity of these hazards have incrensed in the fragile stite over
the last few decades. This has happenied due 1o anthropological factors, scientists have documented. The
floods are usual phenomena at Utarakhand state. The network of rivers coming from hills, passing
through & tough termin and finally reaching at plains and the high slope encountered during their travel
miakes the scenario difficult when a high intense rainfall continues for a significant duration, Masny
damutges and loss of lives and properties are recorded during past and few of them of recent times are
presented.

1.1 Kedarnath Flood (June 16-17, 2013}

Over Sunday and Monday, June 16-17, 2013, when a series of cloudbursts wreaked havoe in § districts
of Rudraprayag, Uttarkishi, Chamoli, Pithoragarh and Tehri, there were nearly 12,000 people at
Kedarnath and Gaurikund the stretch that bore the brunt of the deluge. Ten days later, about 6,000 had
been rescued from Kedarmath. More than 800 bodies were recovered in and around Kedamath

Hundreds were reported missing.

Fig. 1 Flood at Rishilesh
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The cloudbursts led 10 Mash floods that swept sway mountsinsides, villages, peaple, animals, houses,
trucks, cars, roads, nothing escaped. Nothing survived, it had no hope of surviving. The fiest of the
cloudbursts-signalled by something that sounded like o sudden explosion that shook most of the houses-
i -l Kedarmath took place around 7.30 pm on June 16. The chéck dam behind the temple crumbled and
water gushed towards the temple. A second cloudburst on the motning of June 17 made the Chorabari
Tal breaches its walls. The massive amount of water relensed from the lake, combined with that of the
incessant rain, flowed down and brought with it a massive mudslide that dislodged boulders and
brought them down. All those structures that had withstood the previoas night's onslaught perished
under the sheer speed and weight of the water,
' T'he floodwaters weren't content with ravaging the town of Kedamath. As it flowed downhill towards
b flat land, it went through nearly 200 villages with such terrifying specd that the
) villagers had little or no time to escape. The result: houses, two-three storey buildings came crashing
1 down as the Mloodwaters washed away the earth they were standing on. people and livestock were no
03 exceptions: Roads and bridges soon became pan of the debeis the water was carrving with it
) 1.2 Flood of Year 2021
\ On Sundity moming of 7" February 2021 at 10:08 Hrs, & massive flash Nood 100k place along Rishi
Ganga River valley of Chamoli district. As per the official records, among 204 died pedple only 0
J dead bodies retrieved and 124 people’s bodies still missing which were later declared dead after long
J search operation, In this food, Rishiganga Hydropower project and under construction Tapovan
) Vishnugad Hydropower project were also extremely damaged. In addition. flood also dismantled o
) bridge near the conflucnce of Dhauliganga and the Rishigangn (1985ma<.1,). Sevéral disturbing live
footages recorded by eyewitness were surfaced online through news channels and social 'media
- platforms. In the immedinte aftermath of the event, based on the recorded videos, it was speculated tha
= the flood was maost probably iriggered by
J
Glacial Lake Outburst Flood (GLOF) event. However, early acrial susveys and available satellite
-/ imagery data confirmed that the Mosh food wis tiggered by i 'Q sﬁﬂﬁh}d ide just below
J Ronti peak in the Nands Devi massif (Source: Singh et.al 202 ' y \«\
. h W'ﬁqa?f(ﬁ‘r':!;u‘-__ *
- : ﬂﬁr:r:.-:uL-:T‘.I:T::;_TEE ""
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Among the places most severely bit by the lpods are Joshimath, Rini, Nanda Devi Nationil

Park, Tupovan Vichnugad Hydropower Plant and Sridhar.

The disaster left over 200 killed or missing. As of May 2021, "85 bodies and 36 human body parts out

ol o total of 204 people missing have been recovered so fhe OF the missing and dead, 140 were workers

it the Tapovan Hydropower Plant sile

Meusures to Contral Flood Disasters: The flood related disasters are generally controlled through
structural and non-structural measures. The non=structural measures like flood forecasting, Nood, Nood
risk mapping, Mood plain zoning are mostly preféerred over the structural méasures due to its cost and
time-cansurning effects. Cut of all the non-structural measures the flood plain zoning is a well-aceepred

due its simplicity in application and long-term planning for reduction of disaster related Josses

1.2 Flood Plsin Zoning
The basic concept of Nload plain management is to regulate the fand use in the flood plains in order

restrict the damage due to floods, while deriving maximum benefits from the ame. This is done by
determining the locations and the extent of sreas likely 1o be affected by foods of different magnitudés/
frequencies and to develop those arcas in such o fashion that the resulting damage is minimum in case
the Heods do occur. Flood Plain Zoning, therefore alms a1 disseminating. such ‘potential loss’
information on o wider basis 5o as 1o regulate indiscriminate and unplanned development in flood plains

and 5 relevant both for unprotected as well as protected nreas.

Fload Plain Zoning recognizes the basic fact that the flood plains are essentially the domain of the river,
and uy such all developmental activitics in flood plaing must be compatible with the flood risk involved.
Heavy encroachment of flood plains has been responsible for increasing trend of dumage over the years.

The need for Flood Plain Zoning has received recognition st various fors in the past also.

As far back as 1973-74, the Central Water Commission (CWC) had prepared guldelines 18 for Flood
Plain Zoning which were approved by the Central Flaod Control Board. Since the implementation of
these guidelines heeded statutory backing, CWC also prepared a model draft bill which was ciroulmed
in 1975 by the then Ministry of Irrigation. Government of India, 1o all the States advising them for
enactment of a suitable legislation. In pursuance of the provisions nf:mmﬁi} of Article 348 of the

constitution of India, the Uttarakhand Government passed th;iﬁu %«aﬁi 'qum Zoning Act

f% ,
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2012 The afiermath of 2013 Kedamath flood, the Henorable Supreme Court and the Honorable
National Green Tribunal (N.G.T) has taken a serious note of that and in the lights of the directions
passed by Honorable Supreme Court and subsequently by the Honorable N.G.T. it becomes imperative
to decide the limiting boundary for rivers/sireams in Unarnkband. For regulating fand use in differem
flood zones, the National Disaster Management Authority (NDMA.) has clossified Tollowing
priorities in respect of construction of buildings and other utility services (Table 1),

1.4 Objective of Study
Fload-plain zoning is & concept for flood plain management. [t recognizes the bisic fict that the flood

phain of a river is essentially its domain and any intrusion into or developmental sctivity therein must
recognize the river's ‘nght of way'. Flood plain zoning measures aim at demarcating zones or areas
likely to be affected by floods of different magnitudes or frequencies and probability levels, and specify
the types of permissible developments in these zones, The objective i to document flood plain
boundaries based on channel configuration, geometry, bed form and profile charactenstics of the
identified major rivers of Uttarakhand together with their hydraulic characteristics and to identify
areas/stretehes where the stream flow is likely to have adverse impact on human interests during spells
of high discharge coused by fopd or fMlash foed. Tt will include Mood plain Zoning based on the
modelling results for the characteristic discharges caleulated for the said streams (flood frequencics of
say 5 years, 25 years, 50 years, and 100 yews return penod). The study is also intended 10 provide
detailed account/database for engincering design and others, of the various flood control/mitigation
measures and channel improvement measures near habitations aleng the river course so 45 lo reduce
the impact of the lood disaster on human life, property ind adjoining habitation.

1.5 Scope of Works

The scope of work in the light of objectives discussed above shall include stipulated tasks under
following heads which shall be completed as per NDMA guidclines,

1. Preparation of Digital /Survey maps of the streams s mentioned above, showing all the major cities,

towns, semi urban development using satellite imageries or suftable Intest technigues.

2. Preparation of Detailed Maps showing habitation around the rivers. m

&lhﬁ basesd ﬁﬁwﬂ imqum:.

¥* .
:1.* t@:ﬁ qe Flb;_]- - 1|

3, Calculation of Characteristic 1lood discharges of all the ma

nnalysis.

—
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4. Defining the streams in the sensitive resches based on the results found as per para 4 above

5. The prime objective of this assignment is 1o restrict/prohibit the human activities in the river food
plains. Since the reserve Torests/mutional parks are alrendy protected by law hence the river reaches

falling in these areis will bé excluded from the study, However civil lands having forest caver will be

included.

6. Tabulation of flood plain boundiry limit in various cities iowns villages, in general depending on

desired waterway to pass the characteristic discharge

7. Preparation of digital /GIS map showing the defined prohibitive, regulating, and warning zone as per

NDMA ood plam zoning guidelines.

H. Preparation of digital GIS maps showing flood plain boundaries for floods of netum periods and the

map will be prepared shuwing the defined zone boundary.
Y. To estimate water surface profiles émployving hydeo-dynamic river Now model,
10, All survey work & data scquisition from different agencies will be done by the consultant

V'l Consultant shall assist the department 1o clarify the methodology and othier technical issues related

to the task, before the Gowvi,, Honvruble N.G.T. or any other court if required,

12 River Cross-section Interval in habitations the cross-section interval should not be more than 50 m
c/c. In other habitahle reaches this interval should not be more than S00m. In hilly/Torest aress the

cross=section interval may be chosen suitably for the required level of aceuracy.

1.6 NDMA Guidelines
The scope of work provided above and the éxpected deliverables are inline to meet the guidelines

provided by national Disastér Management Act Jan 2008, Below are the guidelines from the NDMA
document: In the regulation of land use in flood plains, different types of buildings and utility services
can be grouped under three priorities from the point of view of the d'lmngr: %“‘iﬂ n-aicnrnnd the Nood

plain zone m which they are to be located: .f_ﬂ 'lg\
e b F
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Table 1: NDMA guidelines for Fiood Plain & Land Utilization

Priority 1 s [Defence installations,

* Industries,

»  Public utilities like bospials, electricity instllutions, water supply, telephone

exchanges, serodromes, milway stations, commercial centres, et

Buildings should be located in such & fashion that they are above Lhe levels
corresponding to a 100-year frequency or the maximum observed flood levels
Similarly, they should also be above the levels corresponding to a 50-year rainfall
and the likely submersion due to drainage congestion.

Priority 2 o Public institutions,

o  Government offices, universitics, public libraries and residential arcas. -
Buildings should be above 4 level corresponding to a 25-year flood or a 1.
year rainfall with stipulation that all buildings in volnerable zones should be
constructed on columns or stilts as indicated above.

Priority 3 ¢  Parks and playgrounds, -Infrastructure such as playgrounds and parks can
be located m areas vulnerable to frequent floods.

= Since every city needs some open areas and gardens, by restricting building
activity in & yulnerable area, it will be possible 1o develop parks and play
grounds. which would provide a proper environment for the growth of the
city.

l . _

1.7 Methodology: -

Whenever we are going for the flood Plan zoning works so in that case, we have two types of

catchments first one is gauged catchment and the other bne is ungauged tatchment so the discharge

caleulation will depend on the type of catchment weather il is gaug é__,g;mgngg_cd Here we will

-IE ﬁﬁ{ﬁfmgﬁ:

mention the discharge preparation steps for different retum peg

catchment and engagement catchment separately. it Ez 1/
SV -éﬁﬁwﬂﬂ .
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For Gauged Catehment:
To estimate the design food using Mlood frequency approach, the following procedures shall be

adopted:
(n) The flood peak series shall be checked for randomness, homogeneity, trend, jump, outliérs ete using
appropriate statistical methods

{h) Flood froquency annlysis shall be carried out using time series of instantaneous annual Nood peak.
Based on the hourly gauge data the observed annual flood peak shall be converted inth instantaneous

Nood peik,
(¢) Using the nstantaneous annual flood peak time series, the flood frequency analysis shall be carried

out using standard frequency distnibutions such as Gumbel, log Pearson type-Ill and Log Normal

distributions etc. to estimuate the desired return period flood.
(d) Goodness of it test for the frequency distribution shall be carried out using standard statistical tests
such as Chi Square. D-Index etc. to nssess the appropriate frequency distribution for the data set snd

decide the appropriate design Mood.

a) Normal Distribution

.-___-'_':'-' -'__-‘.[_—'-\-..""'h““.\;\
Analysis by using the Normal distribution uses the formula as below Z &OA ff)"‘;“k

e

@r= §+h"rﬂ ¥ Sumenid— k
Where: ;!‘; 1‘.0‘

@y = the probable discharge with a returmn period of T years —
O =mean flood (for n years) e
Ky= frequency factor S RA) pads
a = Slanduard deviation of data

The tables presented below summuarize calculated discharges lor different relurn period based on the
Normul distribution,

b) Log-Normal Distribution

The formula used for estimation of discharges for any return period in the method is written as:

IUEQT a: Iﬂﬂ*QJIr. L H;ﬁ
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Whire:

Ch = the probable discharge with a retumn period of T vears
log{Q)avg. = average of the log Q discharpe values
K= frequency factor (referred from for retum period)
a = the standard deviation of the log Q valucs
¢) Log Pearsan Type ITI Distribution
The formula used for estimation ol dischiarges for any returmn period in the method is written as:
b logQr = log (Q) + Kra
) Whre:
@y = the probable discharge with 2 return period of T years
log(1) = average of the log ) discharge vilues
K= frequency factor (refirred from standard lable bused on skewness coefficient Cs and returmn period)

a = the standard deviation of the log Q values

: d) Gumbel Extreme Value Type | Distribution (GEVT - 1)
The tormula used for estimation of dischatges for any return period in the method is written is:
: 0r =0+ Kro BTAD
Where f{/ ’ﬁ\' ----- ""'-(PL \‘\
J Q= the probuble discharge with a retumn period of T years I’(*‘}; ENDER I.ﬂ'_ 2 \
-/ () = mean fload (for n years) Hi{%lﬁ: . ..| 1~”, ‘
J K= frequency factor = (Vs = Y, )/ o, \qﬁ’l "“' ~
) g, = Standard deviation of data \‘\i’?drggw
J Vp =~ La (Lo (T71- 1)) icaranis
v ¥y, @y = expected mesn and standard devintions of reduced extremics (o bé found from Gumbel's
tuble based on number of year of data available
= Here ulso mentioning below the Now chart which éxplaing the holistic approach for Mood plain
' zoning works [or Gauged catchments
)
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For Ungauged Catehment \DKH A
The svailability of historical discharge dita is the prime information required to proceed for Flood Plain

Zoning (FI'Z) analysis. The major sites sensitive o FPZ are not within the vicinity of the gauged site,
So, the analysis for ungauged analysis is 10 be taken care of. Besides the gauged locations the other
locations where scanty or intermittent flow data are available does not give & clear scenario of the flow
patiern. At ungauged locations, determining the discharge is always u challenge for deing subsequent
hydrological analyses. Simultancously it is also difficult ta put the ganges at all salient locations,
Nurmbers of techniques are used in resolving the problems of data availability a1 ungauged locations
such as

One of the most frequently used events in hydrology is the relation between rainfall and runofl. it
determines the runoft which leaves the watershed from the rainfall received by the basin. In it a part
of the hydrological cycle has been studied 1o express the process of runofl from the catchment as a
function of the rainfull and other catchment characteristics. It helps to extend stream flow time series
both spatially and temporally to cstimate management strategies and catchment response to climate
Ihere are various popular flood hydrograph modelling techniques for ungauged basins, like the
synthetic unit hydrograph (SUH). The SUIH mpdels are grouped into four main classes, as follows:
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{a) Canceplual models
{(b) Traditional or empirical models
(c) Probabilistic models

(d) Geomorphologic models
The unit hydrograph (UH) theory is a potentally (geomorphological model ubed) powerfil ool in
watershed hydrology similar to the unit-impulse response function in lields such as electrical,

electronics and telecommunication orand structural engineering (Gavahne and Londhe, 2021),

The Synthetic Unit Hydrograph spproach s used in many studies in order to find the design floods of
different ungauged citghments. The parameters related (o physiographic ss well as hvdrometeorology
based un the regionalization property has been well delined by CWC. Accordingly, CWC divided entire

Indiain to 7 hydro-metcorological oncs and 26 sub zones as mentioned in the Figure-3 below.
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As our study area, falls under Western Himalayas it comes at Zome-7. The equations for developing the
Synthetic Unit Hydrograph have 1o be followed by the guidelines provided by CWC. The steps to be
followed regurding the caleulution of pammeters for individual ungauged sites are shown in Fig 4,
Fig 5 and the parameters are calculated through the equations mentioned in Table 2.
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Peak discharge of unit hydrograph per unit area qp =1,048*(tpy® '™

Width of the UH messured at 0% of penk discharge ordinate Wsy =1 954%(L*L/S)" ™

Width of the UH measured at 75% of peak discharge ordinate Wys = 097241 *Lo/5)" ™

Width of the rising limb of UH measured ar 50% of peak discharge ordinate Wisy =
0. 189 Wsg)' el

Width of the rising limb of [l mensured ot 75% of peak discharge ordinate Wiy =
0.419(Wyy)' ¢

Buse width of UFI Ty = 7.845%(t,)" 47

Peak [hscharge of UH Q= g, x A

Linit duration of unit hydrograph t,

Time from the start of rise to the peak of the UH T, 2

Q tterptict = A*D036% here d= 1 eon depthand t. = | br

.
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1.8 Hydraulic Modelling
Hydraulic charactenisties like Water Surface Flevation have great importance to study the behavior of

Flood Plam zone in response o flow hydrograph. A hydrodynamic model §s o tool to describe or
tepresent the motion ol water, Belore the advent ol widely aviilable computer systems, a hydrodynamie
model could in fact be a physical model built 1o scale, However, virtually all hydrodynamic models in
use today are computational numerical models. Here, HEC-RAS has been cmployed to study the
hydrodynamics of the river. Hydraulic Models Simulating the Muvial hydraulics of a reach of river,
including the channel and over bank, cin be performed using a variety of mathemutical computer
models depending on the type of study and model the user wants to employ.

The United States and many other developed countries utilize hydraulic modelling as a tool o pain an
in=depth perspective of hydmulic systems so that they can more effectively develop different mitigation
measures at the time of ood, planning for bridges, embankment, levees and dams. Numerical hydraulic
mudelling involves the use of mathematical equations representing the fundamental physics of how
water maves in order to gain a better undensianding of the hydroulic system’s behavior. It takes ino
uccount more than just the wpography of the land and the amount of waier in the system. Hydraulic

modelling tkes into accoun! time, land use/land cover, canveyince drea, bisic physics of water
behavior, and waler volume to portray the effects o river can have on the surrounding community.

L9 HECRAS Model
HEC-RAS, a hydraulic model developed by the USACE, is extensively applied in
hydraulic churscteristics of rivers. It is an integrated program and uses the foll

for calculating water surface profiles

I
Y+ Z+ 5% ayz +i‘u2L-‘i-+1;
&

T x z.ﬂ 1

1Qf N =ivoaie ik
i TR VR LR
k ﬁ '....FI-_.; Nessi e .
ety welghting
coeffictient, energy head loss, und gravitational neceleration; and subseripts | and 2, W&M‘ :

Y. Z. V, w, he, and g represent waler depth, channel elevation, avernge velocit

cross sections at locations 1 and 2,

This program provides user to input data, data correction, to receive output display and anulysis. HEC-
RAS maodel needs details of river croxs sections and upstresm flow rate. The water depth and medn

velocity are calculated Tor a given criss section using the energy conservation equation HEC-RAS
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caloulates the water levels varintion along the channel and the water level values ure overlaid on a
Digital Elevation Model (DEM) of the area to get the extent and flood depth using GIS. Spatial data
like cross section, river reach, stream network, flow paths, and others have been obtained using HEC-
Geo-RAS (Arc-GIS extension) and these data then trunsferred o HEC-RAS.

The U. 8. Army Corps of Engincers (USACE) developed HEC-RAS, and #t is the latest product of 90
years of hydraulic modelling experience in the United States. Hydraulic modelling development began
in the United States after a major flood event on the Mississippi River in 1927 prompting the USACE
to begin exploring aptions to prevent flodding. The Hydrologic Engineeting Center (HEC) is a branch
of the USACE that was established for the purpose of researching und developing new technigues 1o
deal with the effects of floods (US Army Corps of Engincers), HEC originally began developing
physical models to simulate river flow, but us technology progressed, computer programs that could
simulate floods were developed. The compitér models were then used to predict water surface profiles
it response to potentinl future flood events and better prepare. The latest update on the program, HEC-
RAS 5.0.3 includes capabilities to model the hydraulics of a river bath one and two dimensionally. The

three goveming equations of hydrmulics are the energy equation, the momentum equation, and the

continuily equation. Cne-dimensional HEC-RAS uses 1 variation of the energy equation | 'x}
/ \

. H @Eﬂfﬂ ~|.hl.r"| !

called the standard step method o Galeulate the water surface elevation co
discharges flowing through the hydraulic system being modelled.

Two dimensional HEC-RAS wkes inlo account mass conservation using the con lm-n nnﬂ‘ﬂ‘ I'

momentum conservation using variations of the momentumn equation called the Sai
based on Newton's s¢eand law of motion and assuming incompressible flow, Th mﬂ,“’i 0.t
dimensionally modelled is divided into a grid where each cell is treated as s control volurie.E &jl"" .
is & polygonal prism with irregular terrain on the bottom, develaped from the topography dn?uh, The
lateral flows are calculated in the x and y direction using the Saint Venam equations, which account for
internal and external forces on the Nuid, specifically hydrostatic pressure, tirbulence, and friction. Then
using the continuity équation, the luteral flows in and out of every side of the cell, expressed as
velocities, are used to caleulate the volume of water in the cell and srea of each cell face, as a function

uf water surface elevation.
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Bath one-dimensional and twe-dimensional models were considered plawsible options for the project
and desired outcomes because HEC-RAS ane dimensional and two-dimensional models are on the
Federn! Emergency Munagement Agency's (FEMA) list of nationally accepted hydraulic models for
developing flood mitigation mensures. The most significant challenge in developing hydraulic models
lor India is that many of the country’s rivers are not gauged and hydrologichydraulic datn are not
widely collected. Moreover, the data that are collected are not easily accessible and not always of the
quality preferred for hydroulic model development The Hydrologic Engineering Center — River
Analysis System (HEC-RAS), is a hydraulic modelling software widely accepted and useéd because it
haz proven o be reliable software and is [reely available making it casily used by countries with limited
resources (LS Army Comps of Engineers). Both one-dimensional and two-dimensional version were
chosen for the work described in this report. HEC-RAS 5.0.3, which includes iwo-dimensional
capabilities, was recently released and is expected 1o become s prominent a5 the one-dimensional
version (Brunner, HEC-RAS River Analysis System, 2D Modelliig User’s Munual Version 5.0.3)

The general data required to build a hydraulic mode! are

1.) Surface roughness values typically derived from land use/land cover (LULC) data

2.) A digital elevation model (DEM) derived from topographic data, and computed hydraulic dista
(discharge and stnge).

The surface roughness values can be estimated from satellite imagery if LULC

available, The DEM forms the convevance arca of the madel, and thus, can

of hydraulic models.

OV e E'_.

110 Data Needed for Model Development L Tr:f.u‘u iy
There are three main data inputs required o build 2 madel. First is the di hﬁc ar to w‘-’ruéf'%icr

entering and exiting the model. The discharge flowing into or out of the model %Wiﬁg
locations alonig the outer perimeter of the flow area are referred 10 as boundary mMml s

the Manning’s “n™ roughness coelficients representing the land's frictional resistance 1o flow derived
from land use data. Third is the wpography of the model area in the form of a digital elevation made!
(DEM), used to derive the irregular terrain on the bottom of the flow area grid.

HEC-RAS models du not account for infiliration or evaporation so those data are not needed. 1t is
preferred to have data for at least two flood events for the hydraulic system of interest, one to calibrate
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the model and the ather to vahidate the calibrated model, The calibration pf & HEC<RAS model entails
making sure the geometry and discharge, flow in and out, are correctly representing the true hydraulic
systom and then adjusting the Manning's “n™ values, sed maybe othor parameters, o fine-tune the
simulated wiler surlnce elevatians (stage) 1o match observed water surface elevations (messured stage)
from the event. The validation of 4 HEC-RAS mode! requires observed data for 2 different event. It
entails running the calibrated model using discharge duta from the validation event to see if the
stmulatfed watcr surlace elevations match up 1o the observed waler surface elevations for that event If
the stages mutch up, the maded is validated, but il they do nol, further adjustment to the maodel |5 needed

The validation proves the model is wustworthy and accurately portraying the hydraulic system of
interest by producing correct results for a different flood event. The topography dota are usually best
representative of the hydraulic system ilit consists of surveyed cross-sections. The surveved cross-
sections are preferably meastired ar reasonable intervals to enplure the generdl topography and ¢hunnel

buthymetry. The DEM did not capture the general convevance areg because it did nol have a well-

defined channel

111 Manning’s N Value Assipnment

The local manning’s N values are applied dwing modeling lor different section and mostiy it varied
depending upon the bed of the river reach in flg 7 assigned munning’s N values for Asan rivers are
shown which was further matched by different litcratures, [ikewise same exéreise his been done for

tither rivers, detniled table alsp mentioned in Annextire 7
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Figure-7 Geotagged photos over the cross section for assigning the Manning's N
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Table 3: Mannings N value for Different LU/LC (Asan River)
River Manniigs

Roference I.ﬂ-l:lll:lnn ﬁmnuu'- Dscription 0 .Hfrir:ﬂujnh'mm;ﬂs

Bed comsists
af ‘wall-
rounded
boulders;
Barks are
7200 composed of | 0.028
Eravel and
haulders,
ard haip
trée and
brush cover
Bed s
composed of
sand, gravel,
ang
boulders;
21400 Thick 0.030
undergrowth
Is alenjg right
bank and
along the [pft
bank
Miin
Chanmel is
47650 i) 0.040
winidirg,
some poals
and shoals
Bed consists
of cobbles
and small
bouldars
ATEOD Banks are 0.043

lired weith
0. 1

Bisht Gaon

LU5GS, 1987 & Chow Table

Sudhowiila

USGS, 1987 & Chow Table

USGS, 18987 &
Dkran|

Chow Table

Axan Bridipe

small trees

and brush \A

USGS, 1987 & Chow
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2. Geomorphic Description of the Study Reaches: -
The study area under Lot-1 belongs 1o the river Yamuna, Asan and its tributaries like Nimi, Nun, Swarma

und Sitala Rno, Thakhan and Chandrabhaga. The details of these rivers or reaches are given in Table-d

Tuble 4: Geometric Description of Rivers/ Reaches

Asan and itz Tributaries
1 [Nimi, Mun, Swama, Sitla
Fao

Asan Hiver

CA 623 sq km

Conflusnce with Yomuno

Bhatta Fally For tributories confluence
with Ason

CA41sqkm

Figure-8 Schematic diagram of Asan River tributaries

The watersheds recerve rain under the influence of southwest monsoon. The northenst monsbon mainly

contributes 1o the rainfall in the area. Mot of the precipitation occurs in the monsoon season that causes

fMlooding. Geomorphology of the study aren is impartant for the assessment of floods because flooding
is largely based on the topography. Low lving areas near to the channe! are frequently flooded and such
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area is defined as an active floodplain. The floodplain covers channel bell and low-lying arcas on either
side of the river banks. Furthermore, the channel belt covers the active channel, secondary channel,
chute channel and bars: Large Moods often cause erosion and deposition in channel belt as well as in
ndjoining Noodplain. Therefore, géamorphic processis (erosion or deposition) perverse footprints of
large floods for many years in the virgin reaches of the river. The areas lying, between active lloodplain
and valley margins are called as alder Noodplain which gets inundated at high magnitude floods (c.g.,
| 00)-year return period floods). The start of the autumn scason had 2 fuirly good rainfall with relative
humidity of 65 to 70%. At this tme, the areas wiis covereld with mixed vegetation consisting of
grassland, sugarcane, cherry, and rice, Crops were at their mature stage, which led to the variation in
both surface roughness and the amount of moisture in the field. The end of the spring scason had 2
meagre rainfall with a relative humidity of less than 50%. The beginning of the summer season had

effectively no rainfall and humidity was less than 40%. The spring and summer seasons were dominated

by three vegetation classes, namely, grissland, sugarcane, and wheat,

3. River Morphology
The river morphological study helped us to determine the transverse and longitudinal cross-sections for

the HEC RAS modelling of the floodplain at 5, 25, 50, and 100-year return periods.

Asan River is a tributary of the Yamuna River, It emerges from a Mussoorie ranges 1o nearby Bhatta
falls. The longitudinal section is presented in Fig. 1. The river runs approximately for 61 km between

from angin to confluence with Yamuna River arcus.

The longitudinal sections of rivers. Asan, Swama; Sitla Rao. Nimi & Nun are shown in Fig 9-13
respectively. = -T A -
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Vi S

LONGITUDINAL SECTION OF ASAN RIVER

Figure 9: Longitudinal scction of Asan River

! LONGITUDINAL SECTION OF SWARNA RIVER
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Figure 10: Longitudinal section of Swarna river
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Figure 11: Longitudinal section of Sitala Rao River
i LONGITUDINAL SECTION OF NIMI RIVER
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Figure 12; Longitudinal section of Nimi river -
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Figure 13: Longitudinal section of Nun River
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4. Input Data Base
The following data ( Table 5) was procured and analyzed:

Table 5: List of input database in the present study.

~ dnput Data ;
SN eals e

1 Satellite Tmagery C Hyde ]
2 | Rainfall Data Lm!nrﬂn ;;‘Jﬂ’::;:mlﬁgiual

3 | Toposmaphic Suvey | oo crvey of India; Deliradin)

Sheet
4 Soil M NRSS-I.UP (Nutional Bureau of Soil Ome for
0 Science & Land Use Planning, Nagpur) | Complete State
5 AI "m?m:‘:‘f & Central Water Commission / rmigation
e Department Uttarakhand

I evels —
6 : ,
Crons-Sectiois Totul Station, DGPS & Drane Survey
T G.Ipim! Control DGPS (ipital Global Positioning
Poinis Syaten)
- __ n For Recent
8 Field based Records  lniemction with Locul Residents Flood
Events
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5. Design Flood Estimation

5.1 Flood Frequeney Analysis for Asan Barrage
A. Gumbel Extreme Value Type 1 Distribution (GEVT —1)

The formula used for estimation of discharges for any return period in the method s written as:
Qr=0+ Kro

Where:

Qy = the probable discharge with a retum period of T vears

() = mean Mood (Le, of 13 years in this project, n=13)

K= frequency factor = (Yr = Yl o

o s = Standard deviation of data

Yr== Lo (LniT/T- 1))

Y. ou = expected mean and standard deviations of reduced extrernes w be found from Gumbel's uthle

based on number of yvear of dita uvailuble.

The tables presemed below summarize the maximum discharge observed for 13 years from 2010 -

2022 and calculated discharges for different return period based on the GEVT - | distribution

Table 6: Annual Maximum observed daily anid instantancous discharges at Asan Barrage

2016 1656 1987 7 0.500 2.000
2013 | 157 | iss¢ | 8 | o571 1750
= Vimiomtck € onsultaney Services 've Lo mn
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2017 | 1570 1884 9 0.643 1.556

o2 | M2 | 1713 TH 0714 | 1400

020 | 133 o0 | 1 0.786 1273
2019 1271 1325 12 0.857 1.167

0929 1.077

Table 7: Discharges al for different return period from GEVT-1

0.07 336.73 1924

233 1898 62
5 180862 100 156,73 2064
1o 1898 62 175 156.73 250
25 1898.62 270 356.73 2862
50 189862 3.40 156,73 113
100 189K 62 4.11 356.73 1363
00 1808 62 480 356,73 3612

Note: Value of @ & § will remain same for normil distribution and GEVT-1 which is caleulated by below

mientioned formulbp
ﬂ T(x-Fy
g = —_—
L]
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B. Log Pearson Type 111 Distribution
The lormuta used for estimation of discharges for any return peridd in the method is written as:

logXo™ logixhey * K16

Whispe:

Qr or X1 = the probable discharge with a return period of T vears

log(xjavg. = average of the log X discharpe values

K= frequency factor (relerred from standard table based on skewness coefficient Cs and retum period)
o = the standard deviation of the log X values

T'he tables presented below sunmirize the maximum discharge ohserved for 13 years from 2010-2022
and caleulated discharges for different retum peniod based on the LPT-11T distribution.

Table 5: Logarithmic average and skewness ealeulations for LPT-II1 discharge distribution.

2000 | 2028 2433 3386147 |  0.00 -1 469700575

2014 1877 2255 3352748 | 0.00 -1.469700575

2015 1832 2199 3342139 000 -1 469700573

2012 1794 2153 333305 0,00 -1 469700575

2018 i 1657 1988 3298319 [I.I]{l. -] 460700575

2021 1656 1987 1.29813 0,00 -1.469700575 |
2016 | 1656 | 1987 1298123 | 0,00 -1.469700575

2013 1570 1884 3.275081 0.000 |  -1.469700575

2017 1570 1884 1275058 ‘ﬁ':l: A ﬁlj:@ﬂm'i?ﬁ _J
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178 3032458 0,01

2022 1427 173 3233665 0.00 -1 469700575
2020 1333 L6 3,204 145 0,00 -1 . 469700575
1525 3.183287 0.00 =1L 469700575

-1.469700575

0091996 | 0.02161 3.291 798865
5 0.826 | 0.091996 | 0.0760 3.270 3.346197515 2219
10 1024 10091996 | p.oval 3270 3.3644147 2314
25 | L1170 | 0091996 | 0.1076 3.270 3ATTTRIVER 2387
50 1235 | 0.091996 | 0.1136 3.270 3.383798523 2420

C. Normal Distribution

Analysis by using the Normal distribution uses the formula as below:
Qr =G+ KrSn

Where:

Ot = the probable discharge with a return period of T years
Q =mean flood (1e. of 13 years in this projeet, n=13) K+ frequency factor
5 n = Standard deviation of data
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The tables presented below summarize caleulated dischanges for different retumn period based on the
Normal distribution.

Table 10: Discharges al Asun River Barrage for different return period from Normal
distribution.

898 62

1898.62

293.94

1848.62

1898 62

Iw?maz

457372

624.63

logix)avg. = Avernge of the log X discharge values

?3'—' ?2

189862 | 35673

0. Log-Normal Disirihution
The [trmula used For estimation of dischurges for any return period in the meth
lopXs = log(x)ny, | KiG

Where:
Qor X1 = Probable discharpe with a retum period of T years

'-‘ }_Eﬂ'-‘ sw«::-..E \,L

.51 E‘&J‘lre:fuu[he,;,,_ _-'3
eqmus;um-.ﬂ S

K= Frequency factor (refered from (oe roturn period)
o = Standard deviation of the log X values

233 0 0,002 0 1370 3270 1863
5 . 0.092 0.076 3270 3346 208

o 0.092 0118 3270 3388 | 2444

25 r 0,092 0.161 3210 3431 2699
3270 3450 2878

By using A<Q pawer function cqunt:un (section 5.1.6) dcvmlupfm for ":‘anmnuliwm basin discharge u
differemt key location can be caleulated (1uble mentioned below showing the discharge values)
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Table 12 Discharge at salient locations of Asan barrage

]ﬁtnlifmnmn Sam LT:;:“:; | tetﬁ:"(lil::::; Hetirn Perod ¥ ears Flow (comec)
Brain(km’) ' = — o _1h L]
= 2.5 Ji ¥ | IS sh |
Rain Dinmga TN a1 134 170 185 | o0
':*”}'" ”_‘T_k; b 3.7 42 | 150 % ' 213 |
Tiphestwiar Mahaden 6.3 40 163 206 25 | 243 |
Haciw st 13 41 115 e | g | a8 |
Mo Hritlpe School a6 | 1606 36 | s | 13 | ™3
.-B:.L!g!?n'ra-l_ Solence Centre | 1,94 20t 670 | K5l w15 1000
Shishgmbars I’Lnl LY 28709 HET | 1042 1158 1248
Sabiharwil Bridss £4.71 313 1110 | 1410 533 [&56
 Vikas Nagar 507 302 | 1278 | 1619 | 1761 | 1902
__Asan Bridge 94 486 158} 2007 2 1R3 2358 |

Key Locations in Assan Basin

# Ry shin
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Fig. 14 Key Locatlon for Asan Basin o = L
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Table 13: Discharge for Ungauged tributaries of Asan Rivers
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Table 14: Discharge at Asan barrage corresponding 1o different return periods is shown in table.

5.2 Goodness of Fit Test:
The validity of a probahility distribution function proposed to fit the empirical frequency of a given

sample may be tesicd graphical and analytical methods: Often, graphical approaches for judging, how
good a model is. are quite subjective. A number of analytical fests have been proposed for westing the
goodness of fit of proposed distribution. Somc of the commanly used tests are i) Chi-square tests i)
Kalmogorov-Smimov (K-S) test and i) D-index tests. The Chi- square and K-S tests are not very

powerful in the scnse that the probability of sccepting the hypothesis when it is fuct I'HM

when these tests are used. In this light. the D-index test is betier: ‘\OJ’ A"? }_"\‘
§.2.1 D-Index test: %@D‘” . #-'
T CF SN
ovi=le

The D-index for the comparison of the fit of various distributions in upper tail

Z} Defram. Olgin 7 4=
" Reg.No.saionians - ¢

Dindex== () EE.; 4bs (X~ )
.

" P
---------

Where, X; and f, ire the ™ highest observed and computed values for the distributions:
giving the least D-index is considered to be the best fit distribution
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6. Parametric Analysis

6.1 Tmtegration of Multiple DEMs for Enhanced Terrain Modeling
Introduction:

In this section, we delve into the integration of multiple Digital Elevation Models (DEMs) to create a
detailed and accurate representation of terrain features. We focus on the process of integrating DEMs
derived from different satellite sensors, namely the Shuttle Radar Topography Mission (SRTM),
Advanced Land Observing Satellite (ALOS) Phased Aray L-band Synthetic Aperture Rudar

) (PALSAR), and FAB DEM data. The integration of these datasets, each with varying resolutions:
b ranging from 30 meters to 10 meters, presents challenges snd opportunities for enhancing terrain
? modelling capabilities.
) Duta Integration and Processing:
) The inegration process commenced by selecting the ALOS PALSAR data ax the master file, ow ing to
) its finer 10-meter resolution. Geometric correction technigues were then applied to the SRTM and FAB
3 DEM dats, treating them us slave files, to ensure spatial alignment with the master dataset This
' correction involved rigorous transformations such as affine and polynomial transformations to
] minimize distortions and achjeve precise registration between datasets. The successful alignment of
) slave datasets with the masier dataser was critical for muntaining spatial sccuracy and coherence across
) the compaosite DEM.
3 Process Flow:
J L. Daty Acquisition:
L e Obtain DEM datasets from differem sources, including SRTM. ALOS PALSAR. and FAB

) DEM data.

g *  Ensure availability of metadata describing resolution, spn’unljg.fﬁuﬁgd ﬁ;quiﬁilkm dates
for each dataset. ({% J=%
-’ 2. Selection of Masier Dalaset: [/* & ', ey AL -::.‘
d =¥ rz?'-'r"' &
0
- \l_:'-l.'-_ﬂ-. Jonasid
o/ — @j ':_lllﬂllﬂ.i;;n'li::lg.f}'ﬁlﬁ;itn Pt Lad ﬂ:"f"g'_g H ’ as
_J o = -____E__ '
J
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¢ Choose the ALOS PALSAR dotaset as the master file due 10 its finer 10-meter resolution.
which serves us the reference for spatial sccuracy.

X Geometrie Correction:

¢ Apply geometric correction to align slave datasets (SRTM and FAB DEM) with the master
dateset (ALOS PALSAR).
o Utilize technigues sich as affine and polynomial transformatians o minimize distortions and
uchieve precise regisiration between datascls
Field Survey Data Incorporation:

To augment the accuracy 2nd reliability of the composite DEM, ground-truth measurements obtained
from ficld surveys were incorporated into the GIS environment, These field data served as reference
points for validating and refining the DEM, thereby enhancing its spatial accuracy. Spatial interpolation
techmigues, including kriging or mverse distance weighting, were emploved to interpolate clevation
values between survey points, further improving the fidelity of the DEM. Moreover, tempaorl
considerations were addredsed by accounting for temporal changes in termin {eatures, ensuring the

temporal coherence of the final DEM
4. Field Survey Data Collection:

» Conduct field surveys to collect ground-truth measurements of elevation
*  Record GPS coordinntes and elevation values at representative locations orpas: LT

5. Field Survey Datu Incorporation:

e [mport field survey data into the GIS environment.
o  Use ficld data as referegnce points for validating snd refining the DE

6. Spatial Interpalation:

e  Employ spatial iterpolation techniques (e.g., kriging, inverse distance wi
elevation values between survey points. e
» Enhance sputial aceuracy by filling gaps and smoathing irregularities in the DEM surfice.
Resolution Enhancement and Grid Development:
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T capture finer-scale terrain details, daughter grids were generated from the field survey data, typically
at a resolution of 2 meters. These daughter grids provided u higher resolidion representation of témain
leastures, such as ridges, valleys, and micro-topographic variations. Subsequently, the composite DEM
was resampled to match the resolution bi the daughter grids, thereby enhancing the level of detail and

precmion in terrain representation,
7. Resolution Fahancement:

¢  Generate daughter grids from ficld survey data a1 a finer resolution (e.g., 2 meters) to capture
detailed terrain features.

= Resample the composite DEM 1o match the resolution of daughter grids, mereasing the level of
detail and precision in terrain representation,

Conclusion;

The integration of mulliple DEMs, doupled with meticulous dats processing and field survey
incorporation, resulied in the generation of a comprehensive and high-resolution termain model. This
model provides valuable insights into the complex terrmn dynamics of the study area. supporting
various geospatinl annlvses and applications. ‘The methodology outlimed in this section offers a
systematic approach for leveraging diverse remote sensing datascts and field observations to enhince
terrain modelling capabilities, thereby advancing our understanding of landscape

dynamics and

informing decision-making processes,
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6.2 Soil Type
Fhe soil map of the area has been procured from the National buresu of Soil Science & Land

Use Manming (NBSS-LUP), Kagpue
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7. River Geometry Creation in RAS Mapper
In the RAS tab of HEC-RAS, the projection and detum (UTM Fone 43 N, WGS 84) have been defined.

The Carfosat DEM and Google Earth images have been added to define the river geometry for 1D flow
modeling. River geometry (channel central line, bank lines, flow paths, transverse cross-sections, and
levee) has been created using Canosat digital elevation model (DEM) (Shown in fig. 44-46) and
geomorphological map. Manning’s N values [tie built-up ireas, barren land, forest, nver bcq.L serub dind
grahle land on A transverse cross- section has been taken from Chow (1959) and Syme (2008). The

maximum LL/LEC category on a cross-section is 20. In other words, on a cross-section, HECRAS can

plot a maxmmum of 20 Manning's N values;

r' EE!.I};'.']' NS !-:.J.. Vi

e I B o 4o R )
My r'._u-ﬂ,-r.

'T&ﬂ?--’n WJL \ ;}h sy

Flood

i YT Rl
s

Fig 18 Flow Chart for Flood Modelling
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Figure:19 River geometry with cross section for Asan River.
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8. RAS Geometry used in HEC-RAS 1D Flow Modelling & Flood Plain
Zoning:

In HEC RAS. the boundary conditions ot downstrenm cross-sections have been defined on the basis of
normal depth. The normal depth method utilizes an energy slope (avernge bed slope in m/m) to compute
flood depth using Manning’s N values, The estiniated discharges at different retum periods (5, 235, 50
and 100 years) for cach ungauged watershed have been considered in HEC RAS by adding flow change
loeation from upsiream to downstrenm. Based on the input data (Manning’s N values, normal depth,
and discharges), the HEC-RAS computed rating curves for éntire cross- sections, A sum of 701 cross-
Lections was drawn for 1D fow modeling. [n other words, six cross-sections per kilometer have been

made on the basis of channel curvature. Here from fig. 51-54 shows the modelled rating curve at outlet

of gach river.
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Figure 21: Modelled Rating Curve at Outlet of Asn é@ 3 }'\\
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In Fig 22 madelled flood inundation maps ts shown for 100-year return period

Fig. 212: Flood inundation for Asan River ar VS portion

Table 15: Discharges (in m'/sec) at different retum periods considered at flow change location in HEC-

RAS steady flow modeling. (Asan River)

H.:;'.l. F'H=|.1n|;.|-

| [llr]lul_F':u_'. e | 2%

:i“'lu "rl.\.i M.J!udft | 63
| ll.n.lP ‘ 4 3 _!'
! —— 2= 4 -

Tons Bridge School | 8.6 |
I I{‘:#ﬂ:.1:lii::i1:ru.'c Il 44 94 | 16 670 | 851 | w25 | 1 (100
mliilllih.il.li'hll=i 2y | 3_‘F.lr‘1 [ 830 1062 1155 [ IEH‘
m\n—l:r_lim!gr II §4.21 413 [ 1o 1410 1533 1656
| Vikmsnagos | so2 | 3 [ s i QO |48 | 100 |
[ Asani Bridge | | 186 | 158} L ,fnn""""_j_mjl.- !'IiJSF: |

i
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At Cruatlet

493

219

2387

2#42 |

[ 2420

Table 15(a): Discharges (in m'/fsec) at different retumn periods considered at flow change location in

HEC-RAS steady flow modeling. (Tributaries of Asan River)

= _ Sitla Rao |
Sahuspur Langh Bridge =~ 0 | 151 204 243 282
Sheetla River Bridge 46 | 73 | 234 279 | 324
At Outlet | s6 | 211 | 285 340 394
Swarna River
Swarna Pul 25 h 127 152 176
;:3;:“ Bridge Chakmta 16 136 183 218 253
AtOuilet e T isas | 2087 2486 | 2885 |
Nimi River =i il
Shri Devbhoomi Institute [ 17 | o4 87 103 120
Nimi Nadi Pul | 2 | 75 10 121 14]
At Outlet 24 | s, | 12 46 | 169
il WiE Nun River
Santls Devi 2 0§ 132 58 | 183
Le Meridein Reson 32 121 163 194 225
Dhaulas Bridge 35 132 178 212 246
At Outlet | 4 IS4 | 200 249 289
v"’fﬁ“

inF, wﬁewharuq s irl
m: ':z e *UM-:'—;.L
o Dot 7
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9. Results Analysis & Physical Validation:
For validation, the floodplain modeling is correluted recent year Mlood mark. Modeled flood extent is

matching with the observed Mood extent between at various beidge locations. Mostly crop land and
open land will be submerged.

10. Sensitivity Waterway:

The analysis incorporates the estimated discharge at 4 25-year retumn period for each locution of flow
change to determine the necessary channel width or Lagey's Waterway, The provision of waterway
width vatics hased on the riverbed conditions, ranging from 0.25 1o 0.9 times Lacey's Waterway,
contingent upon the site's topography. In this sdy, arcas where the natural waterway measures less
than 0.65 times Lacey’s Wisterway are clussified as sensitive zones. (Reference: Theory and Design of
Irrigation Struetures by Dr. Virshney)

Tuble 16: Lacey's Waterway (in m) a1 25-year Return flood considered at Mow change location, (Asan

Raja Dhunga 41.1 1.1 170 £1.93 40.26
Birpur Barrage 2.6 437 180 63.73 4].42
Tapkeshwar
Miuhadsy 6.3 S0 206 68.18 4431
Bajawals 43 93 384 93.08 60.50
Tans Bridge School 68,06 161.06 665 122.49 79.62
Regional Science .

Coiitie 4404 206 851 138.57 90.07
Shishambara Plant 51.09 257.09 1062 154.79 100.62
Sabhowala Bridge 8421 3413 1410 17836 11594

Vikasnagar 0.7 392 1619 19012 1 12423

Asan Bridge o 186 2007 u‘@ﬁ ﬁ%
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Table 16(x2): lacey's Waterway (in m) st 25-year Retum Nood considered at flow change logation,
(Tributaries of Asan River)

" Sifla Rao
Sahaspur Langh
Bridse 40 46 204 67.8 40,7
Sheetln River .
Rridge 3] 46 234 2.7 43.6
At Dutlet 10 36 285 80.2 48.1
Switrnn River Sl i
| Swurna Pul 25 25 127 33.6 322
Swarna Bridge
Chud Bridge 11 o a6 183 b4 3 JE6
AtOutlet | 5 41 209 68.6 412
Nimi River ]
Shri Devbhumi
_I_E stitute _l_'.i' 17 a7 -‘I-l..i_ _-365
Nini Nadi Ful S 20 102 479 28.8
Al Outle 4 M 122 525 3.5
. MNun River ] ! ~_|
Sanila Devi 26 26 132 54.6 ixs
Lemeridein Resort 6 32 163 60.6 364
Dhaulas Bridge 3 35 178 634 IR0
At Outlet (i} 4) ) 209 a0 412
2 Q1AL
i .-:,:':N Tl i, -“'._r‘.'
(= e
= = r
! : '_., AT
blx‘.;::;fl '.|-|. ] I ‘.Ii. -__ ; o
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I1. Results & Finding: -

The flood inundation area map was created utilizing Mood propagation modeling. employing optimized
roughness parameters acquired through sutomsied calibration with HEC-RAS within a GIS
environment. To address uncertaintics in bydrological mput, an uncertainty analysis was conducted
R using a Monte Carlo framewnrk. Notably, the novelty of this approach lies in its consideration of the
. return time of flooding mther than solely focusing on the hydrograph. While a deterministic approach
typically advocates for the consideration of lixed hydrodynamic variables based on a flood hydrograph
with predetermined retumn perinds, our study delved into discharges at specific retum periods.

1 Additionally, boundury conditions for each erpss-section were estublished using the averuge bed slope.
' Flood inundation lines for 3, 25, 50, 100 Yr return periods are established in order o facilitae the FPZ
D) in confirmity to NDMA guidelines which are ngain verified, cross checked by the field staffs of the
3 Department of Irmigation
®) Table 17; Discharges and Waterways at some prominent places for different return poeriods [Asan River)
0) | ' '
0
)
_ Tupkeshwar Muhadey L 65 18 44,31 6R.18 3922 11.62
J Buijphur 3% 93 08 605 93 08 4553 16,95
9 Tons Bridge School 65 12249 29,62 122 49 4357 4238
gt b 851 138,67 G007 13847 59 4508
o Shishambam Plant | 1062 1547 | 10062 154.79 50,10 4745
) Subihowals Bridge 1410 11836 115.94 17836 63,44 51,18
Vikasrusgar 1619 191.12 12423 191.12 6367 s20d
O Assan Bridge 2007 22 | 138m 212.80 6925 5346
At Outlet 2387 2420 2442 23207 L 247
O LARN
\J k .," .'r '.I.
© ;ww SINGH®, * \
- $ ddvpngts * —|
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Table 12{a); Discharges and Waterways at some prominent places for different retum perlods [Asan Hiver

Tributaries)
Sitln Rao
Sahaspin Langh Bridgs 204 243 282 67.54 74.08 79.77
Sheetln River Brides 234 279 A24 7166 7934 #5.50
At Onatlet 285 340 39 RiL19 w750 G238
Swurna River 11
| Swarna Pul 127 152 176 51.53 SH58 3.03
Swarna Bridpe Chakratn Bridge | 183 218 253 6426 T0.13 7555
At Outley 2087 | 248.6 2885 b, 62 7180 B8
Nimi River
Shri Devblioomi Tnstie 87 103 | 120 4431 4821 203
Nimi Nadi Pul 102 12| 141 4797 228 3640
Al Ontlet 122 146 6% 5247 5739 al. 74
Nun River
Santla Devi 132 158 183 5457 S9.71 il _Th
Le Meridein Resort 163 | 1od | 235 60,64 66,16 7125
Dhaulas Bridge 178 1F 246 6357 6%.16 74.50
Al Onitlet 204 249 289 68,07 7,94 B0.7Y

12. FLOOD PROTECTION MEASURES
The reas with settlement along the river have been considered as critical arcas und the sume has been

analyzed for required minimum witerway. Critical areas considercd along all the river under study,
respective location in their rivers is mentioned. The required minimum waterway as worked out sbove
using Lacey's Equation was compared with the natural water at 25-year rcturn puﬂud ﬂml.l a8 given in

Tabl I 5%
e 105-109 below. P O L XP,L

|||||||
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Table 18: Required minimum and natural waterways ot some prominent places for 25-year return

period (Asan River),
e

Rajs Dhungs 134 35.74 235
Birpur Barmge 142 16.79 2|
| Tapkeshwar Mahadey 163 3942 7.81
‘Bajawala 302 53.66 89.4
Tons Bridge Schow! 524 L 180
Regional Science Centre: 670 7992 249
Shishambara Plant 836 $9.27 306
Sabhowala Brdge 1w 10287 368
Vikasnngar 1275 110.25 295
Assan Bridpe 1581 12276 206
| At Qutlet 219 145.44 414

Table 18{a): Required minimum and natural waterways ot some prominent places for 25-vear retom

Sahaspur Langh Bridge 204 44.1 193
Shectla River Bridge 234 472 157
At Outlet 285 52.1 57
[0 Swirna River

Swarna Pul | 127 48 oy
Swarna Bridge Chakrae Bridge 183 418 127
At Outlet 208.7 44,6 143
ol Nimi River =
Shri Devbhoomi Instilute §7

Nimi Nadi Pul 102

At Oullet 122

Nun River
Santla Devi | 12 |

,
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Le Meridein Resort 163 | 394 71.89 f
Dhautas Bridge - 178 412 854 _
| At Outlet | 209 4.6 %
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NOTIFICATION

Migeslandous

In pursuance of the provisions of Clause (3) of Article 348 of the
Constitution of India, the Governor is pleased to order the publication of the
following English translation of *The Uttarakhand Flood Plain Zoming Act,

2012° (Adhinivam Sankhya 07 of 2013).
As Passed by the Uttarskhand Legislative Assembly and asscnied 10
by the Governor on 24 January, 2013,
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