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BEFORE THE NATIONAL GREEN TRIBUNAL, NEW DELHI
(PRINCIPAL BENCH)

OA No 1172 of 2024
IN THE MATTER OF:

Ashish Kumar Pathak Vs Union of India & Ors

REPLY AFFIDAVIT ON BEHALF OF RESPONDENT NO 4,
NATIONAL MISSION FOR CLEAN GANGA (NMCG),
DEPARTMENT OF WATER RESOURCES, RIVER DEVELOMENT
AND GANGA REJUVENATIN MINISTRY OF JAL SHAKTI, NEW
DELHI

Most Respectfully, |, Anup Kumar Srivastava, aged 57 years,
working as Executive Director (Technical) in the National Mission for
Clean Ganga (NMCG), D/o WR, RD & GR, Ministry of Jal Shakti do
hereby solemnly affirm, and declare as under:

1.That |, the deponent is working as Executive Director (Technical)
in the NMCG and well conversant with the facts and circumstances
of the present case on the basis of the information derived from the
official records, and competent to submit this affidavit on behalf of
the answering Respondent NMCG.

2. That it is submitted that NMCG is one of the authorities
constituted under River Ganga (Rejuvenation, Protection and
Management) Authorities Order, 2016 issued under the provisions
of the Environment (Protection) Act, 1986.

3. That it is submitted that the Applicant in'the above OA has inter-
alia made the allegations with regard to a new building/construction
being raised illegally at Rani Ghat (beside the Rani Kothi) in
Varanasi adjacent to Prahlad Ghat on the bank of river Ganga.
Further, it is mentionable that, as per the averments made by the
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the Allahabad High Court, which

Hon’ble Tribunal in terms of the order dated 21.07.2023, passed in
the PIL 4003 of 2006. The Applicant has mentioned that suc

construction as mentioned herein
applicant has also mentioned that
transferred to the District Magists
Development Authority had dispose
the permission was granted vide da
rues framed by the department anc
been stopped. The applicant has als
plain zone of river Ganga has
independent monitoring committee
ground situation regarding the unc
raised within 200 meters from the h
river Ganga at Varanasi (U.P).

4. That it is submitted that the Min
constituted a Committee vide O.M
said Committee has proposed the ¢
zones for urban settlement and two
as regards NMCG, it is submitted tha
been advising all the states gove
demarcation, delineation and notific
removal of encroachment from the
Ganga and its tributaries in accordan
Ganga (Rejuvenation, Protection
Order. 2016.

5. That it is submitted that in para
DR submitted by the lrrigation Departm
ST ' ,‘*/,, « dated 13.09.2024 before the Hon'b
515/2024 which states that “ it is
N act:on taken report/status report corr
) ésateiﬂlte data and the hydraulic r
~?iidehneataon and demarcation of the
B‘a}!la of river Ganga, in compliance
. Zis gubmtt‘ted that the entire process
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n turn was transferred to this

h
above is not permissible. The
the applicant’s complaint was
rate Varanasi. The Varanasi
ed of the complaint recording that
ted 01.01.2024 by virtue of the
that now the construction has
50 raised the plea that the flood
not been defined and that
be appointed to assess the
authorized constructions being
ghest flood level of the bank of

istry of Jal Shakti (MoJS) ha
{ated 28.11.2022 and that the
ivision of flood plain into three
zones for rural settlement. That
t from, time to time, NMCG has
=rnments in Ganga basin for
-ation of river flood plains and
riverbed/floodplain of the river
ce to the provisions of the River
and Management) Authorities

Y

12 of the Action taken Report

ent of the Government of U.FP
e Tribunal in the matter of OA
respectfully submitted that the
bining flood frequency analysis
nodelling will ensure accurate
flood Plain Zonzas of Unnao to
with the Tribunals directives. It
for the earmarking of the flooc
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plain zone would be completely by December, 2024” A copy of the
status report filed by the State of U.P is attached as [ Annexure].

6. That as per the provisions contained in the River Ganga
(Rejuvenation, Protection and Management) Authorities Order,
2016, the following is provided therein:

i. Para 3 (l)- “flood plain” means such area of River Ganga or its
tributaries which comes under water on either side of it due to
floods corresponding to its greatest flow or with a flood of
frequency once in hundred years;

ii. Para 6 (3)- the provisions inter-alia provides that no person shall
construct any structure, whether permanent or temporary for
residential or commercial or industrial or any other purposes in
the River Ganga, Bank of River Ganga or its tributaries or active
flood plain area of River Ganga or its tributaries, provided that in
exceptional circumstances like natural calamities or religious
events at traditional locations, temporary structures can be
raised after prior permission of the National Mission for Clean
Ganga acting through the State Ganga Committee and the
District Ganga Committee. And it is further provided further that
in case any such construction has been completed, before the
commencement of this Order, in the River Bank of River Ganga
or its tributaries or active flood plain area of River Ganga or its
tributaries, the National Mission for Clean Ganga shall review
such constructions so as to examine as to whether such
constructions are causing interruption in the continuous flow of
water or pollution in River Ganga or its tributaries, and if that be
so, it shall cause for removing them.

iii.  Sub para (4) of para 6 provides that no person shall do any act
or carry on any project or process or activity which,
notwithstanding whether such act has been mentioned: in this
Order or not, has the effect of causing poliution in the River
Ganga.

iv.  Further as regards provisions of Para 42 of the River Ganga
Authorities Order, 2016, it contemplates seeking prior approval

5 (ath a¢5}n§§fgam\matters mentioned hereunder:

wegsed, diversion and storage of water in River Ganga
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The orojact proponent{s} are mandz
NMCG in terms of the above provis

7. Partwise reply
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: @ ‘%@ubm tted that the same is a m
? ﬁhat in response to the averments mentioned in para 13-14, it
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without affecting the flow of water downstream of the River

Ganga,;

construction of bridges and associated roads and embankments

over the River Ganga or at its Ri

ver Bank or its flood plain area;

construction of Ghats or extension of any existing Ghat;

construction of jetties;

construction of permanent hydraulic structures for storage ¢
diversion or control of waters or channelization of River Gang

or its tributaries;
d=forestation of hill slopes and
sansitive areas;

any other activity which con-ra
paragraph 4 which the National
specify.

That in responsse to the averme
submitted that the same isa m
That in response to the avern
submitted that the same is not
- That in response tc the averm
is submitted that the same is a
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ot disputed that the authoritie

submitted that the same is n
including the NMCG has been

. (Rejuvenation, Protection and Management) Authoritie
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8. That it is humbly submitted for consideration of this Hon’ble
Tribunal that if the project proponent, submits the
application/proposal for seeking approval from the NMCG along
with full details of the proposal and the clearances obtained from

the other statutory authorities, the proposal shall be examined by

the NMCG.
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BEFORE THE HON'BLE NATIONAL GREEN TRIBUNAL V
PRINCIPAL BENCH, NEW DELHI
0O.A. No. 515 OF 2023

IN THE MATTER OF:-

GANGA POLLUTION L APPLICANT
VERSUS
STATE OF U.P & ORS. | ... RESPONDENTS
INDEX
S.NO. | PARTICULARS PAGE NO.
1 ACTION TAKEN REPORT ON BEHALF OF PRINCIPAL

SECRETARY, IRRIGATION DEPARTMENT, STATE OF | I~ ®
UTTAR PRADESH IN COMPUANCE WITH THE
ORDER DATED 27.05.2024 and 11.07.2024

2 True Copy of the letter no. 327/CE/ISO/2024-25 9
dated 22.07.2024 {ANNEXURE R1})

3 True Copy of the tetter no. 41893/39-El dated| {ov-1{)
07.08.2024 (ANNEXURE R2)

4, True Copy of the letter no. 366/M.A. {5.P.5}/2024-
25 dated 08.08.2024 (ANNEXURE R3]}

5. True Copy of the letter no. 07/Adhikshan - 14
Abhiyanta/FMISC/2023-24 dated 16.01.2024.
{ANNEXURE R4)
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True Copy of the letter no. Mu.A/N.G.B.S./D.B.

maximum data graphs and the table of estimated
floods of various return periods. [ANNEXURE R8)

| Hydro-  Data/2024/160 dated 18.01.2024.| (S~ 16
{ANNEXURE R5)
True copy of the NIH report July and the progress - 36
report till August. (ANNEXURE R6' .
True copy of the methadologies. (ANMEXURER7} | 35. 38
True copy of the 6 G&D Site wise observed annual
39 -4

DATE: 13.09.2024 BHARH
PLACF: NEW DELHI

AR PAL SINGH JADON

STANDING COUNSEL, STATE OF UP

NATICNAL GREEN TRIBUNAL, NEW DELHI
BHANWARO9JADON@GMAIL.COM
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BEFORE THE HON'BLE NATIONAL GREEN TRIBUNAL
PRINCIPAL BENCH, NEW DELHI

O.A. No. 515 OF 2023

IN THE MATTER OF:-

GANGA POLLUTION _ o APPLICANT
VERSUS

STATE OF U.P & ORS. ...RESPONDENTS

ACTION TAKEN REPORT/STATUS REPORT ON
BEHALE OF PRINCIPAL SECRETARY, IRRIGATION
DEPARTMENT, STATE OF UTTAR PRADESH IN
COMPLIANCE WITH THE ORDER DATED 27.05.2024
and 11.07.2024

. At the outset, with the utmost respect it is submitted that all the
officers and authorities of the State of Uttar Pradesh have the
highest respect and regard to the orders passed by the Hon'ble
Tribunal and duty bound to fulfil the obligation which are
assigned under the law and directions passed by this Hon'ble

Tribunal in true letter and spirit.

138
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2. That in the present Original Application 315/2023 Ganga
Pollution vs. State of U.P. the core issue involved revolves around
dcﬁning the {lood plain zone of river Ganga and its tributaries in
the State of U.P. and actions taken by the concerned authorities to

protect the flood plain zone.

3. It is respectfully submitted that a report dated 24.02.2020,
pertaining to the demarcation of Phase-l, has alreadv been
submitted before this Hon'ble Tribunal. Additionaﬂly, a report
dated 24.05.2024, concerning compliance with the order dated

15.03.2024, has also been submitted before this Hon'ble ~ribunal.

That the matter was listed on 27.05.2024 and 11.07.2024 and the

Hon'ble Tribunal was pleased to pass the following order.

Order dated 27.05.2024:-

I. Para 9 "We also take note of the fact that in respect of the stretch
of Yamuna River at Gautam Budh Nagar and Greater Noida in
QA No. 275/2023, exercise for demarcation of floodplain zone
has been undertaken on the basis of the map obtained from Survey
of India with 0lm contour interval. Therefore, State authorities
may consider as (o why the same approach cannaot be adopled for
demarcaﬁng the floodplain zone of river Ganga in the stretch

under consideration”.

Il. Para 10 "Leamed Counsel appearing for State of UP has
submitted that NIF will be able to submit the interim report by
QOctober 2024 and completion of work defined in the Agreement

dated 22.12.2023 will be completed by December 2024.¢

A
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Order dated 11.07.2024:-

[11. Para 3 "Principal Sécretary, [rrigation Department, State of UP
has also submitted that authorities will approach Survey of India
to obtain map of the relevant stretch with 01 m contour interval
and explore the possibility of demarcation of flood plain on that

basts."

IV.Para 4 "In respect of dividing the flood plain in three zones t.e.
(1) prohibited zone: recurrence interval of 05 years; (i1) regulatory
zone: 25 yeaf return period flood; (i1i) waming zone: 100 year
retumn period flood as stated in the reﬁort dated 24.05.2024, a
reliance has been placed upon the order of the Tribunal dated
13.07.2017 in OA No. 200/2014 and connected matters in the case
of M. C. Mehta v. Union of India & Ors. Ganga Rejuvenation
Order, 2016 was not brought to the notice of the Tribunal when
the order dated 13.07.2017 was passed. If statutory order exists

then the same is required to be complied with"

4. It 1s hereby submitted that vide letter 327/CE/1S0Q/2024- 25 dated
22.07.2024, the Chief Engineer/ UPSW Information System
Organisation Irrigation & Water Resource Department [WRD
Lukﬁow, U.P has addressed a letter to the Director, Uttar Pradesh
Geo-Spatial Directorate, Survey Of India, Manchitra Bhawan
Lucknow. It is submitted that under the Guidance and support of
Central Water Commission (CWC), Imrigation and Water
Resource Department, U.P has initiated working on with NIH, to
delineate and demarcate the Flood Plain Zone (FPZ} from Unnao

to Ballia. The Chief Engineer, Information System Organisation,

\
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lrrigation and Weater Resource K}c':partx'nent, Uttar Pradesh,
Parikalp Bhawan, Telibagh, Lucknow, requested to provide the
01m Contour Interval for Utiar Pradesh so that the demarcation
and delineation of the Flood Plain Zone can be done. True Copy
of the letter no. 327/CE/1S0/2024-25 dated 22.07.2024 is
znnexed herein as ANNEXURE R1.

5. 1t is most humbly submitted that vide letter No. 4189/39- El dated
(7.08.2024, the Director/Survey of India Map Bhawan/Manchitra
Bhawan Uttar Pradesh Geospatial Directorate (Northem Zone)
Uttar Pradesh G.D (Northern Zone) Luknow, has written a letter
to the Chief Engineer, Irrigation and Water Resources
Dezpartment Luknow. In the descriibc& letter the soft copy of §lm
Contour interval of the Flood Plain Zone of river Ganga has been
sent  to the Assistant  Engincer in Invoicz  No.
RK/3773/UPGDC/LUCKNOW. True Copy of the letter no.
4189/39-El dated 07.08.2024 is annexed herein as ANNEXURE
R2.

6. It is pertinent to note that, as per letter No. 366/M.A.
(S.P.S)/2024-25 dzted 08.08.2024;, the Chief Engineer,
Information System Organisation, Irrigation and Water Resource
Departmém:, Uttar Pradesh, Parikalp Bhawan, Tzlibagh,
Lucknow, has corresponded with the Scientist, Head, Surface
Water and Hydrology Division, Natianal Institute of Hydrology
{MNIH), Rorkee, Uttarakhand. It is submitted that the 01-meter
contour interval map received from the Survey of India is
intended for the purposes of demarcation and determination of the

Flood Plain Zone (FPZ): True Copy of the letter no. 3¢6/M.A.

\,
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(8.P.S)/2024-25 dated 08.08 is annexed herein as ANNEXURE
R3.

. It is respectfully submitted that, by wvirtue of letter No.
07/Superintending Engineer/FMISC/2023-24 dated 16.01.2024,
the Superintending Engineer, Flood Management Information
System Centre, hrigation and Water Resource Department, Uttar
Pradesh, Lucknow, has formally communicated with the Chief
Engineer, Lower Ganga Basin Organization (LGBO), Central
Water Commission (CWC), Amamath Road, Adaltganj, Patna
800001,‘ for providing data and cross section data of maximum

number of years of Gauge and Discharge stations established

under LGBO on Ganga river and its tributaries located i Uttar.

Pradesh. It is further submitted that Gauge & Discharge and cross
section data are very important for Flood Plain Zone
determination and demarcation due to Uttar Pradesh being a flat
land. A table of water level and Discharge of several Gauge
stations of CWC has been obtained through WIMS portal, in
which 55 years of maximum data has been obtained of Varanasi
Gauge Station. True Copy of the letter no. 07/Adhikshan
Abhiyanta/FMISC/2023-24 dated 16.01.2024 is annexed herein
as ANNEXURE Rd4.

. It is pertinent to note that in response to the vide letter No.
Mu.A/N.G.B.S./D.B Hydro-Data/ 2024/ 160 dated 18.01.2024,
- the Chief Engineer, Water Resource, River Development, and
Ganga Conservation Department, Lower Ganga Basin
Organisation, Patna, has addressed a communication to the

Superintending Engineer, Flood Management Information

1

142
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System Centre, Irrigation and Water Resources Department, Uttar
Pradesh, Lucknow. This correspondence includes an enclosed [ist
detailing all. Gauge and Discharge stations established by the
LGBO on the Ganga Basin River and its tributarizs within Uttar
Pradesh. True Copy of the letter no. Mu. A/N.G.B.S./D.B. Hydro-
Data/2024/160 dated 18.01.2024: 15 anaexed herein as
ANNEXURE RS.

. It is respectfully submitted for the esieemed consideration of this

Hon'ble Tribunal that the report from the NIH July-2024 and the
progress report till August has been annexed herein as

ANNEXURE Rs.

10. It is important to submit that the demarcation of the fioodplain

zone has been conducted with consideration of a 100-year spread,
using the Hybrid Methodolcgy. This approach utilizes a 100-year
return period flood, which is estimated through flood frequency
analysis of the annual maximum flood discharge deta from
available. G&D (Gauge and Discharge) sites over the relevant
periods. The estimation is conducted using hydraulic modeling-
EEC-RAS, the flood frequency analysis is calculated using the L-
Moment Ratio method and 37 years of data obtained through
satellite imagery using Landsat data. The Hybrid Methodology
was chosen because both sateliite analysis and modeling have
irherent limitations. Specifically, satellite data may not capture
the full extent of flood events, and model results are subject to the
quality of the Digital Elevation Model (DEM).True copy of the
mcthodologies s annexed herein as ANNEXURE R7,

|
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11. It is submitted that the study analysed the maximum yearly river
discharge data from six sites using frequency distribution method
l.e. Extreme Value (EVI), General Extreme Value {(GEV),
Logistic (LLOS), Generalized Logistic (GLO), Normal (NOR),
generalized pareto {GPA), generalized normal (GNO), Uniform
(UNF), Exponential (EXP), Pearson Type-Ill (PT3), Kappa
(KAP) and Wakeby (WAK), using flood frequency analysis with
the L- moments approach. Twelve different statistical
distributions were tested to find the best fit for predicting flood
levels. The most suitable distributions were identified using
specific criteria i.e., L-moment and Zisdt statistics, and the
estimated flood levels for different and 100 year return periods at
each site were summarized in a table. True copy of the 6 G&D
Site wise observed annual maximuni data graphs and the table of
estimated floods of various return periods are annexed herein as

ANNEXURE RS.

12. It s respectfully submitted that this action taken report/status
report, combining flood frequency analysis, satellite data, and
hydraulic modelling, will ensure accurate delineation and
demarcation of the Flood Plain Zones for Unnao to Ballia of the
River Ganga, in compliance with the Hon'ble Tribunai's.
directives. It is submitted that the entire process for the
earmarkihg of the flood plain zone would be completed by the

December 2024. L
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13. That the Irrigation Department of
fully committed to adhering to th
Tribunal and ensuring compliance

sutlined in the Ganga Rejuvenation ¢

@\

v

he State of Untar Pradesh is
> directives of the Hon'ble
with the statutory orders

Drder, 2016.

{Anil Gagg)

Principal Secretary
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From: .

Suprabhat Singh
]Chlcr Engincer / Noda Officer UyPSW
aformatton System Orpanisation

Trrigation & Water Resources Department, IWRD
Locknow, Uy,
To.

The Director,

Uttar Pradesy Geo-spatial Directorate,
Survey of Iadis, Maachitrs Bhawaa,

5 -Yibhoti Khaod, Gomti Nages,
LUCKNOW PIN- 226 610

Letter No232F  /CEASOR024-25 Date:2.2. /012024

Sabject: - Regarding providing the map with 01 m contour interval of Uttar Pradest

Dear 8o,

Honorable, National Green Tribunal (NGT) has ordered 1o delimeate amd demarcate the Flood Plain Zone
(FPZ) with 100 Year's Retum period of river Ganga and its tributaries

Under the guidance and support of the Ceatral Water Commission (CWC), Imrigation & Water Resourtes
Department, Unas Pradesh (I&WRD, UP) has initiated working on it with the assistance of National! Institute of

Hydrology (NTH), Roorkee to delineate and demarcate the Flood Plain Zone (FPZ) from Unnao {near Kanpw) to
Balha

Honourable, National Green Tribuzal in its order dated 11.07.2024 has directed Urigation and Water
Resources Deparunent, Uttar Pradesh to obtain the map of relevant stretch with 01 m contour interval from Survev of
India and explore the possibility of demarcation of flood plain zone on that basis.

In view of the above, uadersigned request you 1o kindly provide the map with 01 m costour ingerval o
Uttar Pradesh so that the demarcation and delineation of flood plain zone can be done

NGT order dated 11.072024 has been enclosed for your kind perusai
Your support and cooperation in this regard will be of utmost importance

Enclosure: As above

Chilef Engincer / Nodal Officer UPSW
iSO, IWRD, Up
c —&‘/Luckncu
Letter No: 297 /CR/I50/2024-25 Dated:- £2/07/1024
Copy to: -
. Special Secretary, Section4, Uttar Pradesh Secretariat, Imigntion & Water Resources Department Lucknon
. Enginecr-in-Chiel & Head of Depl., Irrigation & Water Resources Department, Lucknow.
. Engineer-in-Chicf (D. & P.}, Irigation & Water Resources Departent, Lucknow.
Chicf Engincer, Sharda Sahayak, Imigation & Water Resources Depanument, Lucknow.
Chief Engineer, Sone, Irmigation & Water Resources Depurtinent, Lucknow.
Chief Engineer, Water Resources, Ivigation & Water Resources Depuctment, Lucknow,
Superinteading Engincer FMISC, Imigation & Water Resources Deparument, Lucknow.

NN B ey —

{Su
Chief Englucer / Nojial Officer UPSW
150, IWRD, UP
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GOVT. OF INDIA

TR-BF /Tele-fax —0522-1720634

GUHTG/ Teleplione-0522-2720638

é‘ﬁa@rﬂsnn: uppdesoi@povin (Tech)
upgde-to@up.nicin (Admn)

as To &- /39-ED(PIE &)
4189

Far &
A guae fx
HTH HERIEAl,
Yaar gonedl FIeR
for vd Fw dmuR Qs 30 qo,
TEAS

feaTaF:

ANNEXURE - RZ

g #1 WCVO(&M of Birzclor

syt wdem RymySurey of India

[EATIT 4T/ rnchites Blinwaa

Feaw e - Frwme @Rl

Utinr Pradesh G.D (Northern Tone}

s, fyfaaes, TafeR, @A -226010(30%0)

& ¥Witheti Khand, Gomti NVagar, Lucknow-2256010 {UP)

07 708 2024

v 3a WU AW &7 1 HeR @3 37CRAR {Conlour faterval) WA TOWEN & & @aw A

Fedl: HIOW eTted @ U¥ ARE . 327 /R FNE.0.8./2024-25 RAw 22/07/2024

e,

3U0F FHeiid Rug & ymom yew T € W owed gro & T oifym w88 & wen
TR (e ¥ afdun) & 1 dAeY GContour Interval & AIGT BIA 31T (Lidar Doia) 30036 orfey § 2
¥wd o e §AR. waew dfdwew @ RAERE 07/08/2024 FOFF FAWT & Invoice No.

RKB3773/UPGDCAUCKNOW RAETE 0770872024 & g1 3aF

e o e w8

3% T SH MUY & WU NUS e Hw @ ww ¢ sww fn @ suan daw fawws
T4 & Rem arder dw sRG AT ST &Y MO g RREY ot @ dveT & @y dmn ad Rew

Fam aur 3 i qui grew fir Sl
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Sites

under LGBO in Uttar Pradesh

E ‘: Site Name RIVER NETWORK Sub - Basin ISTRICT STATE
AT
I |Chhitaunighat Ganga/Gandak Gandak Kushi Nagar Uttar Pradesh
2 {Ahrora Ganga/Jicrgo Jargo Mirzapur Uttar Pradesh
3 |Akbarpur Ganga/Chhott Sarju Chhoti Sarju | Ambedkar Nagar | Uttar Pradesh
4 [Ashaipur Ganga/Chhoti Sarju/Maghai Chhoti Sarju ' Ghazipur Uttar Pradesh
5 |Azamgarh Ganga/Chhatt Sarju Chhott Sarju ! Azamszarh Uttar Pradesh
6 [Mau Ganga/Chhet! Sarvu Chhoti Sarju | Mau Uttar Pradesh
7 |Chakghat Ganga/Tons Tons Allahabad Uttar Pradesh
8 {Chopan Ganga/Sone Scne Sonkhadra Uttar Pradesh
9 |Chunar Ganga Ganga Mirzapur Uttar Pradesh
10 [Dzvkali Ganga/Gaangi Gaangi Ghazipur Uttar Pradesh
11 |Duddhi Ganga/Sone/Kanhar Sone Sonbhadra Uttar Pradesh
12 {Jalalpur Ganga/Gonmiti/Sal Gomti Jaunpur Uttar Pradesh
13 {Kasmabad Ganga/Chhotl Saryu Chhoti Sarju |Ghazipur Uttar Pradesh
{4 {Kohdarghat (Tones Aquaduct) |Ganga/Tons Tons Allahabad Uttar Pradesh
15 Lalgan) Ganga/Tous/Belan Tons Mirzapur Uttar Pradesh
16 {Maighat Ganga/Gomii Gomti Jaunpur Uttar Pradesh
17 |Mzjarcad Ganga/Tons Tons Adlahabad Uttar Pradesh
18 INarahan Ganga/Durgawati/Kararcnasa  |Durgawati  [Chandauli Uttar Pradesh
19 {Narayanpur Ganga Ganga Mirzapur Uttar Pradesh
20 |Negai Ganga/Sone Sone Sonethadra Uttar Pradesh
21 (Niwari Ganga/Sone Sone Sorebhadra Uttar Pradesh
22 |Pratapgarh Ganga/Gomti/Sai Gomil Pratapgarh Uttar Pradesh
23 |Saidpur Ganga Ganga Saidpur Utiar Pradesh
24 {Shahzadpur Ganga Ganga Kaushambi Uttar Pradesh
25 |Sitammarhi Ganga Ganga Sant Ravidas Nagar |Uttar Pradesh
26 |Sultanpur Ganga/Gomti Gomiti Saltanpur Uttar Pradesh
27 {Tendui Ganga/Varun Varun Varanasi Uttar Pradesh
28 |Khadda Ganga/Gandak Gandak Kushi Nagar Uttar Pradesh
29 [Rihand Dam Ganga/Sone/Rihand Sone Sanbhadra Uttar Pradesh
30 |Allahabad Ganga (Ganga Allahabad Uttar Pradesh
31 |Bailia Ganga Ganga Ballia Utlar Pradesh
32 |Gazipur Ganga Ganga Gazipur Uttar Pradesh
3 {Jaunpur Ganga/Gomti Gomti Jaunpur Uttar Pradesh
34 |Mirzapur Ganga Ganga Mirzaour Uttar Pradesh
35 |Phaphamau Ganga Ganga Allahebad Uttar Pradesh
36 [Varanasi Ganga Ganga Veranzsi Uttar Pradesh




ANNEXURE - R6
Progress Report

FLOOD PLAIN ZONE DELINEATION

FROM UNNAO TO BALIA

T by pony

National Institute ‘63‘ Hydrology

Jal Vigyan Bhawan, Roorkee (Uttarakhand} - 247667
July, 2024




155

Ve dhe BE

RARDET A R Freoore o lese Al A Ll L P AR

(7<)
L7/
e’
Contents
1 INTRODUCTION L e e 1
2 OBJECTIVES AND SCOPE OF WORK ..o 1
3 STUDY AREA AND DATA .ot 2
3 Dala. 2
4 METHODOLOGY .. T 5
4.1 Satellite base approach....... e SR 5
4.2 Hydraulic Model approach........ 5
4.3 Hybrid approaCh ... ..o TR 6
5 RESULTS AND DISCUSSIONS ... e 8
5.1 Flood Frequenty ARAIYSIS ... e e 6
5.2 Flood Plain Dernarcation based on Satellite Data/tmages ................. 10
5.3 Flood Plain Demarcation based on hydraulic modelling ... 11
& Fature Work Plan. ... 13

ANNEXURE-l oo e et e e 15




LIST OF FIGURES

Figure 1. Index Map of the Study Area.............coooiiiiiii 2
Figure 2: Location of G&D sites and their catchmentarea.......................... 3
Figure 3: Extent of DEM and location of surveyed Cross-section ................ 4
Figure 4: Comparison of river Surveyed River cross-section with DEM
(SO 4
Figure 5: Annual maximum discharge Series .........coocoocoiiiviiiieiii e 7
Figure 6: G&D site wise observed annual maximum discharge data ........... 9
Figure 7: Maximum flood inundation extent map (JRC, 1984-2021) .......... 10

Figure 8: Overlay of maximum flood inundation extent of JRC and NRSC11

Figure 9: Longitudinal simulated water surface profile for 100 year return
period flood and 2010 flood ... 12

rigure 10: Flood Inundation extent for 100-year return period flood........... 12

LIST OF TABLES

Table 1: Summary of data availability at various G&D sites......................... 3

Table 2: Estimated floods of various return periods ................................... 9

156




157 | ,

/“\
A
™
\
N ¢
<

1 INTRODUCTION

Fioods constitute one of the major nationa! calamities faced by India almost every year
resulting in substantial loss of life, large scale damage to property, disruption of
community lifelines besides entailing unioid risery to the millions. Concerted efforts
have been made over the years to raduce the damags due to flcods and mitigate the
sufferings of the people. Various structural flaod control measurss were taken up in the
past including construction of reserveoirs, embankments, drainage channels, etc. it is,
however, now realised that absolute and permanent protection to all flood prons areas
and for all magnitudes of floods by structural measures alone is not only impossible but
also not economically viable. The emphasis has therefore been rightly shifted to non-
structural measures like Flood Plain Zoning and Regulation, Flood Forecasting, stc., (o
effectively supplement the structural measures for providing sustainable protection (o
flood affected areas. The broad concapt in flood plain zoning is to regulate the land use
in order to mitigate the damage potential. The role of flood plains and need for flood
plain zoning was recognized by the Central ‘Vater Commission (CWC) as early as
1975. CWC had prepared a Madel Floodplain Zoning Bill for adaptation by states but i

did not receive due attention of states.

In pursuance fc the directions contzined in tre ju

dgment passed by Hon'ble NGT =z

Report on idertification and demarcation of the flcod plains of river Ganga in segment

B of Phase- | {Haridwar to Unnao} was prepared !

y CWC in 2019. Subsequently, the

Irrigation and Water Resources Department, Govt. of UP has approached NiH Roorkee

to carry out the study “Flood plain zone de‘ineation
given by Hon'tle NGT. This study was originally er

rom Unnao to Balia” as per direction
visaged with similar methodologies

as used by CWC in the earlier study for the Ganga River in the siretch of Haridwar to
Unnao. However, as per direction given by Hon'ble NGT it was decided to first
demarcate the flood plain corresponding to once in hundred years return pariod (REGD.
NO. D. L.-33004/99; 20186).

2 OBJECTIVES AND SCOPE OF WORK

The following tasks are fo be carried out by MIH, Rporkee for this study.
a) Estimation of floods of various return periods viz. 2 year, 3 year, 10 year, 25

year, 5C year and 100 year at differant cauging sites based on flood frequency
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analysis
b} Flood Plain Demarcation based on Satellite Data/lmages.
¢) Flood Plain Demarcation based on hydraulic modelling.
d) Demarcation of flood plain by combining results of Satellite Data/images and

hydraulic modelling.

3 STUDY AREA AND DATA

The study reach of Ganga river from Unnao to Balia is shown in Figure 1. The length

of river strefch is about 700 km and 30 km buffer zone is also demarcated for analysis.

0 100
i i

Figure 1: Index Mab of the Study Area

3.1 Data
The locations of G&D sites (CWC) and contributing catchment area is shown in Figure
2. The long term annual maximum data and water level are available at six G&D sites.

Details are given in Table 1.



Figure 2: Location of G&D sites and their catchment area

Table 1: Summary of data availability at various G&D sitas.

SN HO Ssite Data available
1 | Kanpur 01/91/1974 to 28/02/2023
| 2 | Bhitaura 01/01/1974 to 31/07/2023
3 | Chhatang 03/07/1970 to 20/07/2023
Allahabad
4 | Mirzapur 01/06/1976 to 04/07/2023
5 | Varanasi 01/01/1968 to 30/06/2023
6 | Buxar 01/01/1974 to 15/08/2023

River cross-sections at these CWC's HO locations are provided to NIH. Further, river
cross-sections at 25 locations surveyed by AECOM are also made available. In
additions cross-section survey at 19 locations are carried out for this study. The LIDAR
DEM (Digital Elevation Model) prepared by the survey of india under the National
Hydrology Project (NHP} for improved flooc hazard mapping and other planning

purposes was also made available. As per survey of India the DEM is of 0.5 m vertical

accuracy and having 1Tm X 1m grid size. Exient of DEM and tocation of
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surveyed Cross-sections are shown in Figure 3. Moreover, as per recent direction of
Hon'ble NGT attempts are being made to obtain 1 m contour data of the area from
SOl These DEM doesn't capture topography under water as shown in Figure 4 and
ANNEXURE-!l. Hence these surveyed river cross-sections are also important for
hydraulic modelling for proper representation of conveyance (discharge capacity of

river).

Kanpur »

A,
&/N Baifia,_/
Shzhzadpur;

T e, - Ghazipur M Blear
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o e
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iy

P
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Figure 3: Extent of DEM and location of surveyed Cross-section
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Figure 4: Comparison of river Surveyed River cross-section with DEM (SOI)
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4 METHODOLOGY

The study will be carried out with the same mefhodology as used by Central Waler
Commission {CWC) in the study for river Ganga from Haridwar to Unnac (Phase-l).
Three Types of Approaches will be used for flood plain zoning viz.

a. Satellite

b. Hydraulic Model - HEC RAS

c. Hybrid
First, the flood frequency analysis will be car-ied out for various gauging sites in the
study reach using varicus frequency distributions to sstimate floods of various return

periods up to 100-year return period.

fo
82}
D
¢4}
[£4]
)
jaV]
[ )]
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53]

o
[
[ 9]
v
o}
-

The Joint Research Centre-European Commission has analyzed Landsat multispectral
satellite images of the past 37 years {(1884-2021) for deriving the frequency with which
water returns from year to year i.e. recurrence interval. The same will be used in the
study through the Google Earth engine platform. The flood inundation Extent of recent
years as per availability (RSAC-UP/ NRSC) will be analyzed with reference to return

period floods.

4.2 Hydrautic Model approach

HEC-RAS, a hydraulic model developed by the USACE, is extensively applied in
calculating the hydraulic characteristics of rivers. HEC-RAS model needs details of river
cross sections {for 1-D modelling) and DEM (for2-D modelling and flood inundation
mapping) apart from boundary conditions (discharge, water level etc.}. The latest update
on the program, HEC-RAS 6.5 includes capabilities to model the hydraulics both one
and two dimensionally is used for this study. The HEC-RAS model is setup using:
« Upstream branch to provide constant flood magnitude equal to the given return
period at upstream boundary (Unnao).
s Downstream boundary as normal depth at downstream of Balia
= Flood plain bathymetry (DEM), River crass-section for routing the flows between
Unnao and Balia.
= Different locations (G&D sites) flow is added to match the estimated flood of

=

o




162

corresponding return period at the intermediate gauging sites (Bhitaura,

Chhatnag_Allahabad, Mirzapur, Varanasi, Buxar).

The HEC-RAS model will provide inundation extent for various return periods

iz2rresponding to discharge)

4.3 Fybrid approach

The results of satellite analysis and modelling have their own limitation. Satellite may not
cover the full flood event and model results are subjected to DEM quality. Therefore,
hybrid approach will combine both the results by taking union of the areas obtained from

both the results.

5 RESULTS AND DISCUSSIONS

oo -
i i

5.1 Floed Frequency Analysis

The annual maximum discharge series of available six G&D sites are shown in Figure
5. The G&D site wise observed annual maximum discharge data are shown in Figure
6. Flood frequency analysis of annual maximum discharge series of available has been
carried out using the L-moments approach as described elsewhere (Hosking and
Wallis, 1997; Kumar and Chatterjee, 2005). Twelve frequency distributions viz. extreme
value (EV1), general extreme value (GEV), logistic {LOS), generalized logistic (GLO),
normal (NOR), generalized pareto (GPA), generalized normal (GNO), uniform (UNF),
exponential (EXP), pearson Type-lll (PT3), kappa (KAP) and wakeby (WAK) have been
used to identify robust distribution based on the L-moment ratio diagrams and the Zdst—
statistic criteria. The Estimated floods of various return periods at six G&D sites are

shown in Table 2.
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Figure 6: G&D site wise observed annual maximum discharge data.
Table 2: Estimated floods of various return periods
Return Discharge [cumec)
Period Kanpur | Bhitaura | Chhatnag_Allahabad | Mirzapur | Varanasi | Buxar
{Year)
2 5595.2 | 5216.7 25926.1 26291.2 | 27659.0 | 26364.9
5 8174.7 | 8434.2 39098.5 36907.2 | 36697.2 | 33931.8
10 10112.4 | 11002.0 47163.7 43956.8 | 40944.0 | 384455
20 12243.3 | 13850.9 54475.5 51061.8 | 44047.5 | 42693.6
25 12991.0 | 14838.0 56708.1 53411.7 | 44864.2 | 440211
50 15539.3 | 181982.9 63405.9 60986.7 | 47042.0 | 48183.0
100 18482.7 | 22010.2 69824.7 69086.9 | 48702.7 | 52278.4
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5.2 Flood Plain Demarcation based on Satsllite Datallmages

The Joint Research Centre- European Commission have analyzed Landsat
multispectral Satellite images of past 37 years (1984-2021) for deriving frequency with
which water returns from year to year i.e. recurrence interval. The maximum flood

extent map is shown in Figure 7.

The flood date wise and annual flood extent layer extracted from remotesensing data
for the priod 2009 to 2023 supplied by NRSC are also made available. The overlay of
JRC inundation extent and NRSC data set is shown in Figure 8. However, these
Satellite /remote sensing based flocd inundation extent needs further classification and
ground truthing for extraction of Riverine Flood (flooding due to over bank flood of the
Ganga river). This will be jointly carried out by NIH and lrrigation and Water Resources

Department, Govt. of UP.

haghamau
Cihatnag Allahabad

Figure 7: Maximum flood inundation extent map (JRC, 1984-2021)
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Figure 8: Overlay of maximum flood inunda
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5.3 Flood Plain Demarcation based on I

In the previous study by CWC (2013), SRTM DEN
rivar prcfile below the water surface based on a
this study also the LiDAR DEM (SOIl) is used. Abg
are being used for HEC-RAS moedel setup. The 1
river -:ross-sectidn has been preparad. The mode
2010, 2013, 2016, 2019, 2022 etc.

Comparisons of longitudinal simulatad water surfz
flocd and 2010 flood event are shown in Figure 9
return period flood is shown in Figure 10. The disc

year 2010 is maximum and near to 100 year return
The HEC-RAS model is still requires some reca

flood inundation extents from satellite cata. Furthe

available, model will be updated with if.

11

tion extent of JRC and NRSC

vdraulic modelling

! (90 m) was used with correction of
ailable cross-sections. Similarly in
ut 44 surveyad river cross-sections
-D HEC-RAS model with extended

is being calioratad for past flood of

ce profite for 130-year return period
. The inundetion extent for 100-year
harge at Kanpur and Bhitaura in they

period.

ibration based on recently obtained

, if the 1 m contour data from SCl s
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Figure 9: Longitudinal simulated water surface profile for 100 year return period flood
‘ and 2010 flood

. 100 Year return period flood
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Figure 10: Flood Inundation extent for 100-year return period flood
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8 Future Work Plan
The major time line of activities of this study are given below. As mentioned at section 5.2

the satellite /remote sensing-based flood inundation extent needs further classification and
ground truthing for extraction of riverine Flooa (flooding due to over bank flood of the
Ganga river) and this will be jointly carried out by NiH and {rrigation and Water Resourcas
Department, Govt. of UP. Moreover, attempts are baing made to obtain 1 m contour data
of the area from SOl on direction of Hon'ble NGT. The hydraulic medelling approach
based inundation map will be redeveloped using these data as per availability. After
this, in hybrid approach both the results will be combined by taking union of the flood
inundation areas obtained these approach to make fina flood plain boundary for 100
gar return period flood. The flood plain boundary will be provided as georeferenced
GIS layer (shape file) so that it can be super imposed over any other layer as per
reqguirement. The coordinates (Lat, Long)} at regular interval will alsc be provided, so

that it can be marked on the ground when required.

Month
SN Task/ Component Aug 325; [Oct
1 | Inception Report Completed
2 | Data collection and Processing Under progress

{1m contour data from
SOl is under progress)
3 | Flood frequency analysis Cormpleted

4 | Flood plain zoning based on the JRC Satellite images of
past 37 years (1884-2021)

Flood Plain Demarcation based on Sate lite Data/lmages
HEC RAS model setup (Calibration/valication)
Finalization of hydraulic model results

Completed

i O Wy

~J

8 | Submission of interim findings discussion, ground
truthing/ result verification

9 | Demarcation of flood plain based on hytrid approach
10 | Submission of draft Report

11 | Submission of final Report

*Final report will be submitted after incorporating the comments received from the
sponsoring agency.

13
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ANNEX
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URE-

Comparison of River cross-section river Surveyed vs LIDAR DEM (SOI)
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Progress report on Flood Plain Zone, deline

B s £ LR = =R

ation and demarcation of river

Ganga [Segment B, Phase I} from Unna

0 to Ballia till August, 2024

As aer the direction of Hon’ble NGT, the DEN

| data of 1m cortour interval from SO

has been provided to NiH on August 8, 2024, the total volume of deta received by

NIH is 835 GB which are in 1X1 km tile. Ta use this data fer HEC-RAS modelling,

merging of all these tiles are required. As the
of tiles, merging is taking huge time. Theref

datais under progress.

The flood frequency analysis of available Six

completed and 100-year return period flood

complete data set are in large number

wre, processing of Im contour interval

Gauge sites discharge data has been

has been computad.

Flood plain zoning based on the JRC Satellite images of past 37 vears {1984-2021;

has been completed (because anly 37 years s

Under the satellite-based approach metho

satellite data/images raceived from NRSC,

inundation data received from RSAC-UP, Lug

completed.

atellite data is available}.
, flood plain demarcation based on
Hyderabad {from 2017 to 2023} and

know {from 20C% to 2016} have been

Under Hydraulic Model, HEC R4S method, for delineation of FPZ, the river cross

sections data provided to NiH have been utilized for 1-D modelling. After processing

of SOl Im DEM the same will be incorporated in the HEC RAS medel for FPZ.

Head,

Surface Water Hydrology Division

National Insfitute of Hydrology
Roorkee




ANNEXURE R-7

4 METHODOLOGY

The study will be carried out with the same methodology as used by Central Water
Commission (CWC) in the study for river Ganga from Haridwar fo Unnao {Phase-l).
Three Types of Approaches will be used for flood plain zoning viz.

a. Satellite

b. Hydraulic Model - HEC RAS

¢. Hybrid
First, the flood frequency analysis will be carried out for various gauging sites in the
study reach using various frequency distributions to estimate floods of various retumn

periods up to 100-year return period.

5

Ay

4.1 Sateliita b

{0

X
&9
s

o
-y
O
)
I
oy

The Joint Research Centre-European Commission has analyzed Landsat multispectral
satellite images of the past 37 years (1984-2021) for deriving the frequency with which
water returns from year to year i.e. recurrence interval. The same will be used in the
study through the Google Earth engine platform. The flood inundation Extent of recent
years as.per availability (RSAC-UP/ NRSC) will be analyzed with reference to return

period floods.

3

4.2 Hydraulic Model approach

HEC-RAS, a hydraulic model developed by the USACE, is extensively applied in
calculating the hydraulic characteristics of rivers; HEC-RAS model needs details of river
cross sections (for 1-D modelling) and DEM (for2-D modelling and flood inundation
mapping) apart from boundary conditions (discharge, water level etc.).The latest update
on the program, HEC-RAS 6.5 includes capabilities to model the hydraulics both one
and two dimensionally is used for this study. The HEC-RAS model is setup using:
¢ Upstream branch to provide constant flood magnitude equal to the given return
period at upstream boundary (Unnao).
e Downstream boundary as normal depth at downstream of Balia.
e Flood plain bathymetry (DEM), River cross-section for routing the flows between
Unnao and Balia.
o Different locations {G&D sites) flow is added to match the estimated flood of

5
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corresponding return period at the intermediate gauging sites (Bhitaura,

Chhatnag_Allahabad, Mirzapur, Varanasi, Buxar).

The HEC-RAS model will provide inundation extent for various return periods

(corresponding to discharge)

4.3 Hybrid approach

The results of satellite analysis and modelling have their own [imitation. Satellite may
not cover the full flood event and model results are subjected to DEM quality.
Therefore, hybrid approach will combine both the results by taking union of the areas

obtained from both the resulis.

5 RESULTS AND DISCUSSIONS

5.1 Flood Fregquency Analysis

The annual maximum discharge series of available six G&D sites are shown in Figure
5. The G&D site wise observed annual maximum discharge data are shown in Figure
6. Flood frequency analysis of annual maximum discharge series of available has
been carried out using the L-moments apprcach as described elsewhere {(Hosking
and Wallis, 1397, Kumar and Chatterjee, 2005). Twelve frequency distributions viz.
exireme value (EV1), general extreme value (GEV), logistic (LOS), generalized
logistic (GLO), normal (NOR), generalized pareto (GPA), generalized normal (GNO),
uniform (UNF), exponential (EXP), pearscn Type-lll (PT3), kappa (KAP) and wakeby
(WAK) have been used to identify robust distribution based on the L.-moment ratio
diagrams and the Z#“‘—statistic criteria. The Estimated floods of various return

periods at six G&D sites are shown in Table 2.
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Figure 6: G&D site wise observed annual maximum discharge data.
Table 2: Estimated floods of various return periods
Return Discharge (cumec)
Period | Kanpur | Bhitaura | Chhatnag_Allahabad | Mirzapur | Varanasi | Buxar
{(Year)
2 5595.2 | 5216.7 259261 26291.2 | 27659.0 | 26364.9
5 8174.7 | 8434.2 39098.5 36907.2 | 36697.2 | 33931.8
10 10112.4 | 11002.0 47163.7 43956.8 | 40944.0 | 38445.5
20 12243.3 | 13850.9 544755 51061.8 | 44047.5 | 42693.6
25 12991.0 | 14838.0 56708.1 53411.7 | 44864.2 | 440211
50 15539.3 | 18192.9 63405.9 60986.7 | 47042.0 | 48163.0
100 18492.7 | 22010.2 69824.7 69086.9 | 48702.7 | 522784
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