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ORIGINAL APPLICATION NO.477/2022

IN THE MATTER OF:
. APPLICANT

RAJENDER GANGSARI
~VERSUS-

STATE OFUTTARAKHAND & ORS. ...RESPONDENT

AFFIDAVIT ON BEHALF OF RESPONDENT NO. 1 IN COMPLIANCE
OF THE ORDER DATED 19.03.2024
|, Gaurav Kumar, aged about 38 years, currently posted as
Municipal Commissioner, Municipal Corporation Dehradun, do
hereby solemnly affirm and state as under:

1. That | am the duly Authorised Person on behalf of
Respondent No.1, as such | am fully conversant with the
aforementioned matter as such, | am competent to swear the
present affidavit. True copy of the authorization letter is
annexed herewith and marked as Annexure R-1/1.

That the present affidavit is filed in compliance of the
\\ order dated 19.03.2024 passed in the present proceedings.

ivjé It is respectfully submitted that Irrigation Departmentwas

called upon to take requisite steps for notifying Flood Plain Zone

of all the rivers in the State of Uttarakhand Flood Plain Zone of

all river in the state.
4. That the Office of Executive Engineer, Water Scientific
Department, Bhadrabad, who were appointed as an authority
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———.__concealed therefrom.
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under 2012 Act, vide communication dated 10.07.2024 informed
that all data preparation, flood frequency analysis and
catchment delineation, hydrological and hydraulic flood flows,
report preparation and ground truth verification in respect of
flood plain zone of Asan river has been duly completed, enclosing
therewith a copy of the report submitted to the said authority by
an agency engaged for the said purpose. True Copy of the
communication dated 10.07.2024 along with the report is

annexed herewith and marked as Annexure R-1/2 and R-1/3

respectively.

Verification: 4
Verified on this 22" day of July, 2024 that the contents of the

affidavit are true and correct and nothing material has been
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(A) Final Notification has been issued |

S, No. - Name of River o | Length (in Name of the District ] Remark !
e o0, . .. || Rmj :
I | Bhagirathi- Gangotri to | 13335 Uttarkashi 110 km Final |
Devprayag. ‘ Tehri Garhwal 23.35 Km Notification has |
- e T bank €0 been issued [
n
» | Ganga River- From Devprayag to g;hn G F1Eav0a (Enclosed)
[ HOshisesh. Paudi Garhwal Left Bank 84 /
‘ km
5 Ganga River- From Rishikesh to | :
3 Chadi Pul. Left Bank. 138.00 Dehradun Right bank 19 km |
Haridwar Right bank 5 km |
4 | Ganga River- Chandi Bridge, Haridwar Both bank 55 Km |
' Haridwar to Kalsia Village in ‘ {
| Lakasar Haridwar District |
5 | Bhilangana river 68 Tehri Garhwal 68 Km
| Chamoli 104 km
, Rudraprayag 30 km
' Alaknanda River -Badrinath to Tehri Garhwal Right Bank
) 198.35
| Devprayag. 40 km
Paudi Garhwal Left Bank 40
km
' Mandakini River - Kedarnath to Rudraprayag 76.9 km
76.9
| Rudraprayag.

Total Length | 614.60

|

(B) Survey and hydrological Study Work Completed & Notification Under Progress

S. No. Name of River Lenlfgl‘)( n Name of the District Remark (
' Gola- up to border of - 80 Nainital 50 km Study work has
| Uttarakhand U S Nagar 30 Km been

=1 — completed.
2 Kosi — up to border of or Almora 5% km Notifications is
J, Uttarakhand Almora Right Bank 40 Km in under
“ 176 Na.inf'tal Left Bank 40 Km progress,
Nainital Both Bank 58 Km which is likely
U S Nagar 24 Km to be
completed by
24.25 | Dehradun 24.25 Km Dec. 2025 |
69 Tehri Garhwal 6 Km both |
bank and 10 Km Right Bank |
Dehradun 53 Km Both bank

and 10 Km Left Bank ,
12 I Dehradun \—{ [

361.25 } e

~ Total Length |
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(C) Survey and hydrological Study Work is in Progress

S. No. Name of River Length (in Name of the District Remark 7
Km) |
Survey, |
2 Asan and tributaries 106 Dehradun 106 Km Hydrological |
and J
3 Thakhan/Ranipokhri 28 Dehradun 28 Km mi{e ‘ff;“gl e |
i Ge : and Dehradu :
4 Chandrabhaga g Tehri Garhwal ;1 Ermn and Dehradun been |
completed. [
Uttarkashi 53 Km Both Bank & Report and its
- Left Bank 21 Km map.
Tehri Garhwal Left Bank 27 Km preparation
5 v 145 Dehradun Right Bank 48 Km work isin |
amunda Dehradun Both Banks 18 Km | progress and
Dehradun Left Bank 29 Km subs.eque_mly
Himanchal Pradesh Right Bank 29 | notification
Km of said rivers |
is likely to be
6 Pindar River 106 Balg;eshwl'grggKim completed by
Chzmoll March 2026.
7 Dhauliganga River 87 Chamoli 87 Km '
8 Nandakini River 36 Chamoli 87 Km
9 Solani : 70 Haridwar 70 Km
10 Malin 3.4 Paudi Garhwal i
11 Ratmau 42 Haridwar 42 Km
Nainital 12 Km
12 Nandhaur 38 U S Nagar 26 Km
. Nainital 10 Km
13 Ladhiya o Champawat 54 Km
. Chamoli 26 Km
14 Ram Ganga W River 114 Almoda 88 Km
Total Length 847.4 J:

e-(\x’~‘°.38\// Hydrological & Hydraulic Modelling &1 &1 U;Uf FR 100 TG T 25 I A gl - TS
i F{J’ﬁf_'f (100 years & 25 years flood frequency line) & HIATGH H1E T XIHT TG B forar maT 21
@ Q[UNI=T Initial notification ?@ e IR MR/ Rrefrart @ Féys ¥ o T @
R & 1 o AT @ B IR IR TAS ARd D ARTI  qrel qREEady @
'\’ﬁﬂ'ﬁ'\’(Propenyreglster)ﬁmﬁwa’ﬁmmmlﬁﬁm*ﬁﬁqﬁﬁgww
mmmammawmﬁmﬁm:mﬁamam
U € gl Sufeddl BT RGN BR gwia 91¢ IReH wiieR) / Rrerer gRT Final
notification ?@W?ﬂﬂ?ﬁﬁﬁﬁﬁmlmmﬁﬁEﬁmg@qﬁaw
IaRTEve ArEE @1 Eged H o Tfed |ffd @ 9w o IRE @ WRefr wffy # geaf @
ﬂmmaﬂmﬁmnmwm fedmr, 2025 @ qof @
I
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® Data Preparation, Flood Frequency Analysis, Rainfall Analy;‘is & Catchment
Delineation.
® Hydrological and Hydraulic flood flows for different return periods using HEC-RAS

® Report Preparation, Ground truth verification.
(Annexure-1)

WW@&#W&:#&WQ&W, STt A4S <ave qeTeRmEe 97 gy
H0—625 / S0fd0%@0 / pz fe1% 10.07.2024 were g

(Annexure-2)

Wmﬁwﬁﬁﬁ@wﬁmwwwaaﬁmmﬁamw
faawor fergamr 8-
® Preparing flood plain zone maps- (60 days)
¢ Demarcation of different flood frequency (25 yr and 100 yr) lines and marking on
shajra sheets and preparing property register-(120 days)
® Interim notification and asking for objections and disposals-( 90 days)
® Final notification and marking of flood lines on shajra sheets-( 60 days)

¢ Installation of pillars at site-( 60 days)

2— mﬁmﬁ%@%?wéma?ﬂwaﬁmmé%w
T A vere SElivic & oy H 100 CLIR| WN@% (100yrﬂoodfrequency) B IegT
me%mﬁa@ﬁwqﬁm%%ﬁ%wﬁqm
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(Annexure-3)
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cloudbursts-signalled by something that sounded like a sudden explosion that shook most of the houses-
-at Kedarnath took place around 7.30 pm on June 16. The check dam behind the temple crumbled and
water gushed towards the temple. A second cloudburst on the morning of June 17 made the Chorabari
Tal breaches its walls. The massive amount of water released from the lake, combined with that of the
incessant rain, ﬂéwed down and brought with it a massive mudslide that dislodged boulders and
brought them down. All those structures that had withstood the previous night's onslaught perished

under the sheer speed and weight of the water.

The floodwaters weren't content with ravaging the town of Kedamath. As it flowed downhill towards
ging

flat land, it went through nearly 200 villages with such terrifying speed that the

villagers had little or no time to escape. The result: houses, two-three storey buildings came crashing
down as the floodwaters washed away the earth they were standing on, people and livestock were no

exceptions. Roads and bridges soon became part of the debris the water was carrying with it.
1.2 Flood of Year 2021

On Sunday morning of 7" February 2021 at 10:08 Hrs, a massive flash flood took place along Rishi
Ganga River valley of Chamoli district. As per the official records, among 204 died people only 80
dead bodies retrieved and 124 people’s bodies still missing which were later declared dead after long
search operation. In this flood, Rishiganga Hydropower project and under construction Tapovan
Vishnugad Hydropower project were also extremely damaged. In addition, flood also dismantled a
bridge near the confluence of Dhauliganga and the Rishiganga (1985m.a.s.l.). Several disturbing live
footages recorded by eyewitness were surfaced online through news channels and social media
platforms. In the immediate aftermath of the event, based on the recorded videos, it was speculated that

the flood was most probably triggered by

- ‘A—F? Glacjah Lake Outburst Flood (GLOF) event. However, early aerial surveys and available satellite
TRIKY A .
ifdagery data confirmed that the flash flood was triggered by failure of a massive rockslide just below

~ "’ \
X (‘C"Ronﬂ peak in the Nanda Devi massif (Source: Singh et.al.2022).

et uc

)
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‘,\«»’Park Tapovan Vishnugad Hydropower Plant and Sridhar.
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The disaster left over 200 killed or missing. As of May 2021, "83 bodics and 36 human body parts out
of a total of 204 people missing have been recovered so far. Of the missing and dead, 140 were workers

at the Tapovan Hydropower Plant site.

Measures to Control Flood Disasters: The flood related disasters are generally controlled through
structural and non-structural measures. The non-structural measures like flood forecasting, flood, flood
risk mapping, flood plain zoning are mostly preferred over the structural measures due to its cost and
time-consuming effects. Qut of all the non-structural measures the flood plain zoning is a well-accepted

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

1.3 Flood Plain Zoning

The basic concept of flood plain management is to regulate the land use in the flood plains in order to
restrict the damage due to floods, while deriving maximum benefits from the same. This is done by
determining the locations and the extent of areas likely to be affected by floods of different magnitudes/
frequencies and to develop those areas in such a fashion that the resulting damage is minimum in case
the floods do occur. Flood Plain Zoning, therefore aims at disseminating, such 'potential loss'
information on a wider basis so as to regulate indiscriminate and unplanned development in flood plains

and is relevant both for unprotected as well as protected areas.

Flood Plain Zoning recognizes the basic fact that the flood plains are essentially the domain of the river,
and as such all developmental activities'in flood plains must be compatible with the flood risk involved.
Heavy encroachment of flood plains has been responsible for increasing trend of damage over the years.

The need for Flood Plain Zoning has received recognition at various fora in the past also.

As far back as 1973-74, the Central Water Commission (CWC) had prepared guidelines 18 for Flood

Plain Zoning which were approved by the Central Flood Control Board. Since the implementation of

' <

—
%f /’%guidelines needed statutory backing, CWC also prepared a model draft bill which was circulated

.b‘y the then Ministry of Irrigation, Government of India, to all the States advising them for

vC’-’*‘:'

’ enac{m;nf of a suitable legislation. In pursuance of the provisions of clause (3) of Article 348 of the
dixzs:‘t?(z@ n of India, the Uttarakhand Government passed the Uttarakhand Flood Plain Zoning Act

%/aﬁemath of 2013 Kedamnath flood, the Honorable Supreme Court and the Honorable
Nﬁonal 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

> ¢ Visiontek Consultancy Services Pvt, Ltd 3
{ }f ; Committed for Better Environment
v ; ﬂ -




to decide the limiting boundary for rivers/streams in Uttarakhand. For regulating land use in different
flood zomes, the National Disaster Management Authority (N.D.-M.A.) has classified following

priorities in respect of construction of buildings and other utility services (Table 1).

1.4 Objective of Study
Flood-plain zoning is a concept for flood plain management. It recognizes the basic fact that the flood

plain of a river is essentially its domain and any intrusion into or developmental activity therein must
recognize the river's ‘right of way’. Flood plain zoning measurcs 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 is to document flood plain
boundaries based on channel configuration, geometry, bed form and profile characteristics of the
identified major rivers of Uttarakhand together with their hydraulic characteristics and to identify
areas/stretches where the stream flow is likely to have adverse impact on human interests during spells
. of high discharge caused by flood or flash flood. It will include flood plain Zoning based on the
modelling results for the characteristic discharges calculated for the said streams (flood frequencies of
say 5 years, 25 years, 50 years, and 100 years return period). The study is also intended to provide
detailed account/database for engineering design and others, of the various flood control/mitigation

measures and channel improvement measures near habitations along the river course so as to reduce
the impact of the flood disaster on human life, property and 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 guidelines.

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

towns, semi urban development using satellite imageries or suitable latest techniques.

_2-Preparation of Detailed Maps showing habitation around the rivers.
LT

7 J

7 ion of Characteristic flood discharges of all the major streams based on flood frequency
| Rajene
2 pehi?
peht= : vy
\ _V{\nr;‘ff:' ‘the streams in the sensitive reaches based on the results found as per para 4 above.
A Ury
N
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5. The prime objective of this assignment is to restrict/prohibit the human activities i

n the river flood
r reaches

plains. Since the reserve forests/national parks arc already protected by law hence the rive
1 be

falling in these areas will be excluded from the study. However civil lands having forest cover wil

included.

6. Tabulation of flood plain boundary limit in various cities /towns 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 flood plain zoning guidelines.

8. Preparation of digital GIS maps showing flood plain boundaries for floods of return periods and the

map will be prepared showing the defined zone boundary.

9. To estimate water surface profiles employing hydro-dynamic river flow model.

10. All survey work & data acquisition from different agencies will be done by the consultant.

11. Consultant shall assist the department to clarify the methodology and other technical issues related

to the task, before the Govt,, Honorable 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 habitable reaches this interval should not be more than 500m. In hilly/forest areas the

cross-section interval may be chosen suitably for the required level of accuracy.

1.6 NDMA Guidelines
The scope of work provided above an

vided by national Disaster Management Act Jan 2008. Below are the guid

d the expected deliverables are inline to meet the guidelines

pro elines from the NDMA
document: In the regulation of land use in flood plains, different types of buildin

LY
/7" plain zone
shilegi.

gs and utility services

rouped under three priorities from the point of view of the damage likely to occur and the flood

which they are to be located:

“L,“;_[l\ ol e
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Table 1: NDMA guidelines for Flood Plain & Land Utilization

Priority Reach

Priority 1 e Defence installations,

e Industries,
Public utilities like hospitals, electricity installations, water supply, telephone

exchanges, aecrodromes, railway stations, commercial centres, etc.
Buildings should be located in such a fashion that they are above the 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 e Public institutions,
Government offices, universities, public libraries and residential areas. -

Buildings should be above a level corresponding to a 25-year flood or a 10-
year rainfall with stipulation that all buildings in vulnerable zones should be
constructed on columns or stilts as indicated above.

Parks and playgrounds. -Infrastructure such as playgrounds and parks can
be located in areas vulnerable to frequent floods.

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

city.

Priority 3 ®

1.7 Methodology: -
Whenever we are going for the flood Plain zoning works so in that case, we have two types of

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

ion will depend on the type of catchment weather it is gauged or ungauged. Here we will

.Falcnlx
ZOVA
/ e discharge preparation steps for different return period and modeling steps for gage

‘3“| \
gm g d engagement catchment separately.
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For Gauged Catchment:
To estimate the design flood using flood frequency approach, the following procedures shall be

adopted:

() The flood peak series shall be checked for randomness, homogeneity, trend, jump, outliers etc using

appropriate statistical methods.

(b) Flood frequency analysis shall be carried out using time series of instantancous annual flood peak.

Based on the hourly gauge data the observed annual {lood peak shall be converted into instantaneous
flood peak.
(c') Using the instantaneous annual flood peak time series, the flood frequency analysis shall be carried

out using standard frequency distributions such as Gumbel, log Pearson type-IIl and Log Normal

distributions etc. 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 etc. to assess the appropriate frequency distribution for the data set and

decide the appropriate design flood.

a) Normal Distribution

Analysis by using the Normal distribution uses the formula as below:
Qr = Q + Krao

Where:

Qr = the probable discharge with a return period of T years

Q =mean flood (for n years)

K= frequency factor

o = Standard deviation of data

The tables presented below summarize calculated discharges for different return period based on the
Normal distribution.

@TEEE}’
The £
naiende LA .f‘.Ef,.

advbcate -‘: logQr = log(Q)avg + K16

rmal Distribution
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Where:

Qr = the probable discharge with a return period of T years

log(Q)avg. = average of the log Q discharge values

K= frequency factor (referred from for retumn period)

o = the standard deviation of the log Q values

¢) Log Pearson Type III Distribution

The formula used for estimation of discharges for any return period in the method is written as:
logQr = log (Q) + Kro

Where:

Qr = the probable discharge with a return period of T years

log(Q) = average of the log Q discharge values

K+= frequency factor (referred from standard table based on skewness coefficient Cs and return period)

¢ = the standard deviation of the log Q values

d) Gumbel Extreme Value Type 1 Distribution (GEVT - 1)

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

Qr=Q +Kro

Where:

Q1= the probable discharge with a return period of T years

Q = mean flood (for n years)

K= frequency factor = (Y7 - V,,)/ o,

0, = Standard deviation of data

Yy =-Ln (Ln (T/T- 1))

Yn, 0, = expected mean and standard deviations of reduced extremes to be found from Gumbel's
... table based on number of year of data available.

“I AR, . . .
_;‘-’T hh also mentioning below the flow chart which explains the holistic approach for flood plain
i '\_ g works for Gauged catchments

";;; .. Visiontek Consultancy Services Pyvt. Ltd 8
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Fig.2 Flowchart of methodology of Flood Plain Zoning

For Ungauged Catchment
The availability of historical discharge data is the prime information required to proceed for Flood Plain

Zoning (FPZ) analysis. The major sites sensitive 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 not give a clear scenario of the flow
pattern. At ungauged locations, determining the discharge is always a challenge for doing subsequent
hydrological analyses. Simultaneously it is also difficult to put the gauges at all salient locations.
Numbers of techniques are used in resolving the problems of data availability at ungauged locations
such as:

On‘c of the most frequently used events in hydrology is the relation between rainfall and runoff. It
determines the runoff which leaves the watershed from the rainfall received by the basin. In it, a part
of the hydrological cycle has been studied to express the process of runoff from the catchment as a
function of the rainfall and other catchment characteristics. It helps to extend stream flow time series
both spatially and temporally to estimate management strategies and catchment response to climate.
There are various popular flood hydrograph modelling techniques for ungauged basins, like the

nthefic unit hydrograph (SUH). The SUH models are grouped into four main classes, as follows:
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(a) Conceptual models
(b) Traditional or empirical models
(c) Probabilistic models

(d) Geomorphologic models.
The unit hydrograph (UH) theory is a potentially (geomorphological model used) powerful tool in
watershed hydrology similar to the unit-impulse response function in fields such as electrical,

clectronics and telecommunication or and structural engineering (Gavahne and Londhe, 2021).

The Synthetic Unit Hydrograph approach is used in many studies in order to find the design floods of
different ungauged catchments, The parameters related to physiographic as well as hydrometeorology
based on the regionalization property has been well defined by CWC. Accordingly, CWC divided entire

India in to 7 hydro-meteorological zones and 26 sub zones as mentioned in the Figure-3 below:
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Figure-9 Schematic diagram of Asan River tributaries

Chandrabhags River Ganga River

CA 121 sq km

o

——— = — -

0| Rishikesh

Jhskhen River
CA 73 sq km

Song Rlver _

!

Ganga River

Figure-10 Schematic diagram of Jhakhan and Chandrabhaga
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LONGITUDINAL SECTION OF SWARNA RIVER
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Figure 13: Longitudinal section of Swarna river
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Figure 14: Longitudinal section of Sitala Rao River
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Figure 16: Longitudinal section of Nun River

»2%5e . Visiontek Consultaney Services Pve. Lud

S

NN

A { Committed for Better Environment
Yo

26




659

5.2 Flood Frequency 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 is

Qr=Q +Kro

written as:

Where:
Qr = the probable discharge with a return period of T years

O = mean flood (i.e., of 13 years in this project, n=13)

K= frequency factor = (Y1-Yn)/ 0n
o n = Standard deviation of data

Yr=-Ln (Ln (T/T- 1))

= expected mean and standard deviations of reduced extremes to be found from Gumbel's table

Yn, Gn
based on number of year of data available.

The tables presented below summarize the maximum discharge observed for 13 years from 2010 —

2022 and calculated discharges for different return period based on the GEVT — 1 distribution.

Table 45: Annual Maximum observed daily and instantaneous discharges at Asan Barrage

Instantaneous
Year ( g&a‘::) Max. Q Rank(m) PROB‘?P];ILITY Tp(Years)
(Cumec)
2010 2028 2433 1 0.071 14.000
2014 1877 2253 2 0.143 7.000
2015 1832 2199 3 0.214 4.667
2012 1794 2153 4 0.286 3.500
2018 1657 1988 5 0.357 2.800
2021 1656 1987 6 0.429 2.333
2016 1656 1987 7 0.500 2.000
2013 1570 1884 8 0.571 1.750
2017 1570 1884 9 0.643 1.556
RN
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2022 1427 1713 10 0.714 1.400
2020 1333 1600 11 0.786 1.273
2019 1271 1525 12 0.857 1.167
2011 898 1078 13 0.929 1.077
Avg 1898.62
S.D 356.72

Table 46: Discharges at for different return period from GEVT-1

T years Xavg KT S.D. XT=Xavg+KT*S.D.
2.33 1898.62 0.07 356.73 1924
5 1898.62 1.00 356.73 2254
10 1898.62 1.75 356.73 2522
25 1898.62 2.70 356.73 2862
50 1898.62 3.40 356.73 3113
100 1898.62 4.11 356.73 3363
200 1898.62 4.80 356.73 3612

Note: Value of & & Q will remain same for normal distribution and GEVT-I which is calculated by below
mentioned formula.
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B. Log Pearson Type III Distribution

The formula used for estimation of discharges for any return period in the method is written as:
logXt=log(x)avg + K16

Where:

Qr or Xt = the probable discharge with a return period of T years

log(x)avg. = average of the log X discharge values

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

The tables presented below summarize the maximum discharge observed for 13 years from 2010-2022

and calculated discharges for different return period based on the LPT-III distribution.

Table 47: Logarithmic average and skewness calculations for LPT-III discharge distribution.

Oy Insta;t:xneous 7= A=Sum qf Cs-Coefﬁci:nt of
Year | (Cumec)(X) | Q(Multiplied | Log(X) Zag,\ . Sll‘;’:‘(:e;;f: dﬁ(sn-
by 1.2)
2010 2028 2433 3.386147 0.00 -1.469700575
2014 1877 2253 3.352748 0.00 -1.469700575
2015 1832 2199 3.342139 0.00 -1.469700575
2012 1794 2153 3.33305 0.00 -1.469700575
2018 1657 1988 3.29839 0.00 -1.469700575
2021 1656 1987 3.29813 0.00 -1.469700575
2016 1656 1987 3.298123 0.00 -1.469700575
2013 1570 1884 3.275081 0.00 -1.469700575
2017/{ 1570 1884 3.275058 0.00 -1.469700575
, @;%a 1427 1713 3.233665 | 0.00 -1.469700575
1 T
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2020 1333 1600 3.204145 0.00 -1.469700575
2019 1271 1525 3.183287 0.00 -1.469700575
2011 898 1078 3.032458 -0.01 -1.469700575

Log(X)avg 3.270
S.D. 0.091

N 13

Table 48 Discharges at Tons Site at Asan River Barrage

(yerirs) KT 6 Ki6 | logXavg |log(x)avg+KT6 Xl,l:fgl?;;)
333 | 0235 |0.001996|0.02161 | 3.270 3.291798865 1958
5 0826 | 0.091996 | 0.0760 |  3.270 3.346197515 2219
10 1.024 | 0091996 | 0.0942 | 3.270 3.3644147 2314
25 1170 | 0.091996 | 0.1076 |  3.270 3.377783988 2387
50 1235 |0.091996| 0.1136 | 3.270 3.383798523 2420
100 1278 [ 0.091996 | 0.1175 |  3.270 3.387733404 2442
200 1307 | 0001996 | 0.1202 | 3.270 3.390400563 2457

C. Normal Distribution
Analysis by using the Normal distribution uses the formula as below:

QT =Q + KrSn

Where:

Qr = the probable discharge with a return period of T years

O =mean flood (i.e. of 13 years in this project, n=13) Kr= frequency factor
S n = Standard deviation of data

The tables presented below summarize calculated discharges for different return period based on the
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Table 49: Discharges at Asan River Barrage for different return period from Normal distribution.
T Kt Qmean S.D. K1*SD QT=QmeantKT*SD
2.33 0 1898.62 356.73 0 1899
5 0.824 1898.62 356.73 293.94 2193
10 1.282 1898.62 356.73 457.32 2356
25 1.751 1898.62 356.73 624.63 2523
50 2.054 1898.62 356.73 732.72 2631
100 2.326 1898.62 356.73 829.75 2728
200 2.576 1898.62 356.73 918.93 2818
D. Log-Normal Distribution
The formula used for estimation of discharges for any return period in the method is written as:
logXt = log(X)avg + K16
Where:
Qr or X1 = Probable discharge with a return period of T years
log(x)avg. = Average of the log X discharge values
Kr= Frequency factor (referred from for return period)
o = Standard deviation of the log X values
Table 50: Discharges at just for different return period from Log - Normal distribution
T Kr (4] K16 Log(X)avg | log(x)avg+tKt0 | X1(Cumec)
2.33 0 0.092 0 3.270 3.270 1863
5 0.824 0.092 0.076 3.270 3.346 2218
10 1.282 0.092 0.118 3.270 3.388 2444
25 1.751 0.092 0.161 3.270 3.43] 2699
50 2.054 0.092 0.189 3.270 3.459 2878
100 2.326 0.092 0.214 3.270 3.484 3049
200 2.576 0.092 0.237 3.270 3.507 3215
By using A-Q power function equation (section 5.1.6) developed for Yamuna River basin discharge at
different key location can be calculated (table mentioned below showing the discharge values)
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Tahle 31 Discharge at salient locations of Asan barrage

?; e e Nass C:::‘:L‘f“' (iﬁ"hn-mv Return Perlod (Yenr) Flow (eumec)
‘: Drain(km?) Arvea (km?)

! 5 25 50 100
| Raja Dhunga 41.1 41.1 134 170 185 199
Birrur Bamage 2.6 43.7 142 180 196 )

| Tapkeshwar Mahadev 6.3 50 163 206 225 243
! Bajawala 43 93 302 384 418 451
Tons Bridge School 638.06 161.06 524 665 723 782
Regional Science Centre 44904 206 670 851 925 1000
Shishambars Plant 51.09 257.09 836 1062 1155 1248
Ssbharwal Bridge 8421 3413 1110 1410 1533 1656
Vikes Nagar | 50.7 392 1275 1619 1761 1902
Assn Bridge | 94 | 486 1581 2007 2183 2358
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Fig. 27 Key Location for Asan Basin

Table 52: Discharge for Ungauged tributaries of Asan Rivers

Area LPT-III GEVT-1
Tributataries | (Sq
km) | Q5 | Q25 | Q50 | Q100 | Q5| Q25 | Q50 | Q100
Nun 41 45 47 48 48 42 LYY 64 70
Nimi 24 30 29 29 29 27 36 40 44
Swamna 41 45 47 48 43 42 57 64 70
Sitla Rao 56 54 57 58 59 50 68 77 85
TECE maoE e TTSE0E 78'00°E 19°60°E
N
&
8 z
3 18
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E Assan_Basin
[ Assan_Trowtanes 0B s 13 Kllometars
mIETE 420 TI4p0E s40E 18'00°E 78°60°E
Fig. 28 Ungauged tributaries of Asan River
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Table 53: Discharge at Asan barrage corresponding to different return periods is shown in table.

Discharge in cumecs at Asan barrage
Return period (Yr.) Log Normal Normal LPT-III GEVT-1
2.33 1863 1899 1958 1924
5 2218 2193 2219 2254
10 2444 2356 2314 2522
25 2699 2523 2387 2862
50 2878 2631 2420 3113
100 3049 2728 2442 3363
200 3215 2818 2457 3612

The Jhakhan and Chandrabhaga rivers are not covered by GD sites hence treated as per the methodology
followed for ungauged catchments. Hence Synthetic Unit Hydrograph (SUH) approach has been
applied for both the sites and discharges have been calculated the design storm kept for different return

periods. The same has also been compared with L-Moment chart.
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1.0 INTRODUCTION:

The whole of Uttarakhand State is extremely vulnerable to severe natural hazards. Located on the
southern slope of the Himalayan range, Uttarakhand is one of the most disaster-prone states in
India. Due to its topography and geology, the state faces the risk of calamitous cvents like flash floods/
floods, cloudbursts, avalanches, landslides, mudflows, and earthquakes, among others. Furthermore, it
must be noted that the frequency and intensity of these hazards have increased in the fragile state over
the last few decades. This has happened due to anthropological factors, scientists have documented. The
floods are usual phenomena at Uttarakhand state. The network of rivers coming from hills, passing
through a tough terrain and finally reaching at plains and the high slope encountered during their travel
makes the scenario difficult when a high intense rainfall continues for a significant duration. Many
damages 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 havoc in 5 districts

of Rudraprayag, Uttarkashi, Chamoli, Pithoragarh and Tehri, there were nearly 12,000 people at
Kedamnath 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.

The cloudbursts led to flash floods that swept away mountainsides, villages, people, animals, houses,

trucks, cars, roads, nothing escaped. Nothing survived, it had no hope of surviving. The first of the

Z
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There are number of measures to mitigate the effect of flood like Structural and Non-structural
measures. Due to the involvement higher cost, time and land requirements the structural measures are
scarcely used whereas due to easy implementation processés the non-structural measures like flood
plain zoning, flood risk mapping, flood warning/forecasting are largely implemented. While flood plain
zoning is a proven technique for reducing the flood 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 flood
plains according to the effect of flood damages as per NDMA guidelines. The entire rivers selected for
flood plain zoning are divided in three lots. Rivers like Yamuna, Asan and its Tributaries, Jhakhan,
Chandrabhaga falls under Lot-1. The assigned reaches for the corresponding rivers are mentioned in
the Table below and a total of 287 km is processed for Flood Plain Zoning.

SIL No. Reach/River Length Covered (Km.) | Name of Lot
1 Yamuna 145 Lot-I
2 Asan and its Tributaries 106 Lot-I
3 Jhakhan 28 Lot-I
4 Chandrabhaga 8 Lot-I
Total 287 KM

Initially the survey work of the flood plain is done by using DGPS, Total Station as well as Drone
Survey. The appropriate Digital Elevation Model is also procured for use in Hydraulic model. The
rainfall and discharge data is collected from respective sources. Due to non-availability of sufficient
discharge data, the two rivers (Jhakhan & Chandrabhaga) are treated as ungauged and the discharge
calculation is done on the concept of Synthetic Unit Hydrograph. The maximum rainfalls have been
obtained from PMP ATLAS and disaggregation of the data is done as per the defined process. The
design discharge is obtained after performing critical sequencing of the rainfall. The discharge values

are obtained for the 5-, 25-, 50- and 100-year return periods.

The hydrodynamic modelling is applied to the obtained design discharge. The HEC-RAS software is
used to make the analysis. Both 1-D and 2-D modelling analysis is done to the given data. The cross-

Visiontek Consultancey Services Pyt Ltd xi
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hydrologic input for the model. The local Manning’s Constant (n) values are taken as per the river
stretch configuration. The outputs in the form of flood lines corresponding to 5, 25, 50 and 100-year
flood lines are obtained which are communicated to field staff for putting the marks at field at 50 m

intervals. The same has been done in presence of field staff as well as the Survey team.

The task of placing the flood lines in the Shajra map is essential for finalising the flood inundation lines
as well as fixing the flood zones i.e the restrictive, prohibitive and warning zones. The same has also
been done and submitted to appropriate authority. Mean time two workshops were held at Irrigation
Dept. Seminar Hall, onec on 7" Oct. 2023 where the discussion on study area and approach &
methodologies were discussed and in the second workshop on 12" March, 2024, the outcomes of the
analysis basically the flood lines and implementations are discussed. The remarks and suggestions for
improvements/corrections were gladly accepted and rectified in the present report. The flood plain
zoning work is highly essential for the rivers as the utility of flood plain is important due to the land
constraints. Further the frequency of flood and climate change driven floods are more frequent now.
So, in one hand the safety of life and property and in other the increasing the utility of land have to be

balanced. In that context, making flood plain zoning for sensitive rivers is the foremost step.

This study regarding flood plain zoning completes all the scopes assigned to the specific problem.

Expecting a healthy co-operation from all

Warm Regards
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CONSULTANCY WORK FOR FLOOD PLAIN ZONING IN
ACCORDANCE WITH UTTARAKHAND FLOOD PLAIN
ZONING ACT-2012 FOR YAMUNA, JHAKHAN,
CHANDRABHAGA, ASAN AND ITS TRIBUTARIES (NIMI,
NUN, SWARNA & SITLA RAO) RIVERS
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EXECUTIVE SUMMARY: -

India as a country has much of its concern towards natural calamities due to its location, topography,
hydro-meteorological conditions. Out of many numbers of natural calamities flood constitutes one
of the major national calamities faced almost every year resulting in substantial loss of life, large
scale damage to property, disruption of community lifelines besides entailing untold misery to the
millions. Concerted efforts have been made over the years to reduce the damage due to floods and
mitigate the sufferings of the people. Various structural flood control measures were taken-up in the
past including construction of reservoirs, embankments, drainage channels, etc. It is however, now
realized that absolute and permanent protection to all flood prone arcas and for all magnitudes of
floods 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 etc. to effectively supplement the structural measures for providing

sustainable protection to flood affected areas.

Uttarakhand is an Indian 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 natural disasters and for its fragility of ecological and geological
systems. Consisting mostly of uplifted sedimentary & metamorphic rocks and tectonically very
active, the region is vulnerable to natural disasters. Due to its geo-climatic, ecological and socio-

economic settings, Uttarakhand is one of the most disaster-prone States of the country.

Floods of varying magnitude, affect low lying areas and river valleys in Uttarakhand, due to variability

in the monsoonal rainfall. However, the rapid increase of population and developmental activities in

this hilly state aggravated the situation.

Cloudburst and related floods during August 1998 at Ukhimath (Rudraprayag) and Malpa
(Pithoragarh), August 2001 at Phata (Rudraprayag), August 2002 at Burakedar (Tehri), August, 2012
in Asi Ganga (Uttarkashi), September, 2012 at Ukhimath (Rudraprayag) and June 2013 at Kedamnath
(Rudraprayag), Feb 2021 in Rishi ganga and Dhauliganga and the flood over most part of Uttarakhand
during 2023 are some of the examples of recent flood. Out of all the disasters the Kedamnath flood

remain the worst.

2 ' Visiontek Consultancy Services Pvt. Led X
Committed for Better Environment
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° Data Preparation, Flood Frequency Analysis, Rainfall Analysis & Catchment
Delineaﬁon..
® Hydrological and Hydraulic flood flows for different return periods using HEC-RAS

e Report preparation, Ground truth verification,

STRreTeR i |
THE:_/Sofdomo s qeferin
gfaferfy siefleror erfirge SEREEIER: L) TRTERTATE I Igerref e |

ST arfrg=ar
STel s wve, qETaRTare

vooale e
At
ICtz
s} V20028
: L
v B
) PLOA o

h >



XX LE ST 1

geme; kpiant

& mana
TN

[
’

)

(Tar B T aste:

et
=
=
oo
c
=
©
m
=3

\
Gon e L
e .}
W24 A,

L

“Sheeshi

]




