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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 ' e’ 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 | |- ®
UTTAR PRADESH IN COMPLIANCE WITH THE
ORDER DATED 27.05.2024 and 11.07.2024

2 True Copy of the letter no. 327/CE/1SO/2024-25 9
dated 22.07.2024 (ANNEXURE R1)

3 True Copy of the letter no. 4189/39-El dated | jo-1)
07.08.2024 (ANNEXURE R2)

4, True Copy of the letter no. 366/M.A. (S.P.S)/2024- i3
25 dated 08.08.2024 (ANNEXURE R3)
5. True Copy of the letter no. 07/Adhikshan i il

Abhiyanta/FMISC/2023-24 dated 16.01.2024.
(ANNEXURE R4)
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6. True Copy of the letter no. Mu.A/N.G.B.S./D.B.
Hydro-  Data/2024/160 dated 18.01.2024.| (S-16&
(ANNEXURE RS)

7 True copy of the NIH report July and the progress - 36
report till August. (ANNEXURE R6)

8. True copy of the methodologies. (ANNEXURE R7) | 3 7- 38

9. True copy of the 6 G&D Site wise observed annual

maximum data graphs and the table of estimated | 39 -4
floods of various return periods. (ANNEXURE R8) '

FILED THROUGH: -
‘ Jw/

DATE: 13.09.2024 ' s BHANWAR PAL SINGH JADON
PLACE: NEW DELHI STANDING COUNSEL, STATE OF UP
NATIONAL GREEN TRIBUNAL, NEW DELHI
BHANWARO9JADON@GMAIL.COM
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BEFORE THE HON'BLE NATIONAL GREEN TRIBUNAL
PRINCIPAL BENCH, NEW DELHI

0O.A. No. 515 OF 2023

IN THE MATTER OF:-

GANGA POLLUTION . ....APPLICANT
VERSUS

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

ACTION TAKEN REPORT/STATUS REPORT ON
BEHALF 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.
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2. That in the present Original Application 515/2023 Ganga
Pollution vs. State of U.P. the core issue involved revolves around
deﬁning the flood 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 already been
submitted before this Hon'ble Tribunal. Additionally, a report
dated 24.05.2024, concerning compliance with the order dated
15.03.2024, has also been submitted before this Hon'ble Tribunal.

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:-

1. 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
OA No. 275/2023, exercise for demarcation of floodplain zone
has been undertaken on the basis of the map obtained from Survey
of India with 01m contour interval. Therefore, State authorities
may consider as to why the same approach cannot be adopted for
demarcafing the floodplain zone of river Ganga in the stretch

under consideration".

1. Para 10 "Leamed Counsel appearing for State of UP has
submitted that NTH will be able to submit the interim report by
October 2024 and completion of work defined in the Agreement
dated 22.12.2023 will be completed by December 2024."

.
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Order dated 11.07.2024:-

I11. Para 3 "Principal Sécretary, Irrigation 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

basis."

I'V.Para 4 "In respect of dividing the flood plain in three zones i.e.
(1) prohibited zone: recurrence interval of 05 years; (ii) regulatory
zone: 25 yeaf return period flood; (iii) warning zone: 100 year
return period flood as stated in the rcport 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 is hereby submitted that vide letter 327/CE/IS0/2024- 25 dated
22.07.2024, the Chief Engineer/ UPSW Information System
Organisation Irrigation & Water Resource Department IWRD
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), Irrigation 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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Irrigation and Water Resource Department, Uttar Pradesh,
Parikalp Bhawan, Telibagh, Lucknow, requested to provide the
01m Contour Interval for Uttar Pradesh so that the demarcation
and delineation of the Flood Plain Zone can be done. True Copy
of the letter no. 327/CE/ISO/2024-25 dated 22.07.2024 is
annexed herein as ANNEXURE R1.

. It is most humbly submitted that vide letter No. 4189/39- El dated
07.08.2024, the Director/Survey of India Map Bhawan/Manchitra
Bhawan Uttar Pradesh Geospatial Directorate (Northern Zone)
Uttar Pradesh G.D (Northern Zone) Luknow, has written a letter
to the Chief Engineer, Irrigation and Water Resources
Department Luknow. In the described letter the soft copy of 01m
Contour interval of the Flood Plain Zone of river Ganga has been
sent to the Assistant Engineer in Invoice No.

RK/3773/UPGDC/LUCKNOW. True Copy of the letter no.

4189/39-El dated 07.08.2024 is annexed herein as ANNEXURE -

R2.

. It is pertinent to note that, as per letter No. 366/M.A.
(S.P.S)/2024-25 dated 08.08.2024, the Chief Engineer,
Information System Organisation, Irrigation and Water Resource
Departmént, - Uttar  Pradesh, Parikalp Bhawan, Telibagh,
Lucknow, has corresponded with the Scientist, Head, Surface
Water and Hydrology Division, National Institute of Hydrology
(NIH), 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. 366/M.A.

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

. It is respectfully submitted that, by virtue of letter No.
07/Superintending Engineer/FMISC/2023-24 dated 16.01.2024,
the Superintending Engineer, Flood Management Information
System Centre, Irrigation and Water Resource Department, Uttar
Pradesh, Lucknow, has formally communicated with the Chief
Engineer, Lower Ganga Basin Organization (LGBO), Central
Water Commission (CWC), Amarnath 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 in 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 R4.

. 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

t
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System Centre, Irrigation and Water Resources Department, Uttar
Pradesh, Lucknow. This correspondence includes an enclosed list
detailing all. Gauge and Discharge stations established by the
LGBO on the Ganga Basin River and its tributaries 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 is annexed herein as
ANNEXURE RS.

9. It is respectfully submitted for the esteemed 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 R6.

10. It is important to submit that the demarcation of the floodplain
zone has been conducted with consideration of a 100-year spread,
using the Hybrid Methodology. This approach utilizes a 100-year
return period flood, which is estimated through flood frequency
analysis of the annual maximum flood discharge data from
available G&D (Gauge and Discharge) sites over the relevant
periods. The estimation is conducted using hydraulic modeling-
HEC-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 satellite analysis and modeling have
inherent 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
methodo]qgies is 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
le. 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-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 maximum data graphs and the table of
estimated floods of various return periods are annexed herein as

ANNEXURE RS.

12. It is 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 Tribunal'si
directives. It is submitted that the entire process for the
earmarkiﬁg of the flood plain zone would be completed by the

Decembe'r 2024. L
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13. That the Irrigation Department of the State of Uttar Pradesh is
fully committed to adhering to the directives of the Hon'ble
Tribunal and ensuring compliance with the statutory orders

outlined in the Ganga Rejuvenation Order, 2016.

(Anil Garg)

Principal Secretary
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PANRIEXURE R-1 9

From: -

Suprabhat Singh

Chicf Engincer / Nog
nformatlon System
Trrigation & W
Lucknow, U.p.

Al Officer UPSW
Organisation
ater Resources Department, IWRD

To.

The Director.

Uttar Pradesh Geo-spatial Directorate,
Survey of India, Manchitra Bhawan,

5 -Vibbuti Khand, Gomti Nagar,
LUCKNOW PIN - 226 010

Letter No.:323 /CE/1S0/2024-25 Date-22./07/2024

Subject: - Regarding providing the map with 01 m contour interval of Uttar Pradest
Dear Sir,

Honorable, National Green Tribunal (NGT) has ordered to delineate and demarcate the Flood Plain Zone
(FPZ) with 100 Year's Return period of river Ganga and its tributaries.

Under the guidance and support of the Central Water Commission (CWC), Irrigation & Water Resources
Department, Uttar Pradesh (1&WRD, UP) has initiated working on it with the assistance of National Institute of

Hydrology (NIH), Roorkee 16 delineate and demarcate the Flood Plain Zone (FPZ) from Unnao (near Kanpur) 1o
Ballia

Honourable, National Green Tribunal in its order dated 11.07.2024 has directed Irrigation and Water
Resources Department, Uttar Pradesh 10 obtain the map of relevant streich with 01 m contour interval from Survey of
India and explore the possibility of demarcation of flood plain zone on that basis.

In view of the above, undersigned request you to kindly provide the map with 01 m contour interval 10"
Uttar Pradesh so that the demarcation and delineation of flood plain zone can be done.

NGT order dated 11.07.2024 has been enclosed for your kind perusal
Your support and cooperation in this regard will be of utmost importance

Enclosure: As above

Chief Engineer / Nodal Officer UPSW
1SO, IWRD, UP
c _A Jucknow
Letter No: Nj27 /CE/1S0/2024-25 Dated;-22/07/2024
Copy to: - o
- Special Secretary, Section-4, Uttar Pradesh Secretarial, Irrigation & Water Resources Department Lucknow
. Engineer-in-Chief & Head of Depl., Irrigation & Water Resources Department, Lucknow.
. Engineer-in-Chief (D. & P.), Irrigation & Waler Resources Department, Lucknow.
Chief Engineer, Sharda Sahayak, Irrigation & Water Resources Department, Lucknow.
Chicf Engineer, Sonc, Irrigation & Water Resources Department, Lucknow.
. Chief Engineer, Waler Resources, Irigation & Water Resources Department, Lucknow.
- Superintending Engineer FMISC, Irrigation & Water Resources Department, Lucknow.

NSVvaAwLL -

51 150, IWRD, UP

c ud‘no\‘
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ANNEXURE - R2

CIEG RS ECES
: S GOVT. OF INDIA
L I A= &1 F1afAY/O Mice of Director
B s U Jdem fa‘{m/Sur\'cyofJndia
© HIERAT Ha@/Manchitra Bhawan
ER-BF/ Tele-fax — 0522-2720634 IR WoxT o-RfrE Prdamern @@ dia)

Uttar Pradesh G.D (Northern Zone)
s, Ryfaas, MadR, w@ % -226010(3000)

EAA@E-mal: up.gde.soi@govin (Tech) 5. Vibhuti Khand, Gomti Nagar. Lucknow-226010 (UP)
upgde-tko@up.nic.in (Admn)

a3 HO a-4 /89 /39-ED(FIE &) Raie: 07 /708 /2024

QYHTG/ Telephone-0522-2720638

Far #,
A guena A
7Ty g,
qI@A o HS
faré vd s wawm R 30 o,
REew waa, defrar,
G|

- 3av v e @7 1 AR &I FAAA (Contour Interval) AARAT SUFEY T3 & oy # |

Hedse HIU% PR HTH BHS H. 327/3,300. /5,9.6./2024-25 ReAF 22/07 /2024

#Ee,

mmﬁaﬁwﬁMWasm%ﬁsmmﬁmmﬁmmmaim
A (3= F afea) & 1 @M Contour Interval T AT FNE 272 (Lidar Dala) 30 HFATET & HY
FPH N WA FAR, TEE HRXGw B ReAiw 07/08/2024 T ZH FAET ¥ Invoice No.
RK/3775/UPGDCNLUCKNOW f&ATH 07/08/2024 & gRI 3Uaesr a7 R arar &

3% 3T W A & WA R FYE R I @ & R SW 5 @ 30D Saw R
mré%qﬁmaﬁmmsﬁsm%aﬁmﬁmmmamaimmaﬁm
FAM AT 32T B qui geew H s

HEma:- 1. Invoice No. RK/3773/UPGDC/LUCKNOW RS 07/08/2024
2. 3U% HRACA F UF FRIE H.327 /3. /G 0.H./2024-25 RAF 22/07/2024

ezt

(R Fran)
Fferor wderew
Fa fAgers
afafofd:. I. HRA & FETHdeTd, S A guad ofa
2. ¥ FEEdeT®w, 3adr &5, wodie @ gy o
3.mm.m$mémmu_mm?mémi
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IR wderor R INVOICE NO. R.K/3773/UPGDC, LUCKNOW
SUI’VEV of India Dt.07- 08-2024.
9@ From @ ¥, To,
Prww siferendly 3fdrrar
I W -enfe AT (300)3) Fars fasmer
wrefty wdmw fam
R T qGAqF
R AR, FETEH-226010
FEHE HTDT TT TO.vvvrreovrveroevrssrsressss oo sserereseereeens ud Preferaa JRTS / MHA / AT, war
ﬂ@ﬂﬁﬁgmmmmm%aﬂmmmmﬁ b ]
Reference your Letter NOM)I}/’?}‘OJ‘Z-‘Q‘%;?/{QM § «Q“ pRUE e
The under mentioned .................... have been dispatched to you b( hand/Registered/Parcel Post/Train. Please sign
and return one copy of this invoice AT JTA/MOHAN LAL
! ) N g2 wrafierw /Chief Oéman
BWTER Signature... M@ XX | ... == Designation............. LX) ...;-m.:ﬁtnuw/u,ag 0.
. [s} [&] wham ﬁ(l"l, TS
AR ATE AERT T NAMe i0 BIoCK LEUE ..vvovrree oo e, SUVEY O Inin, Lucknow
SPACE
: fa™ Description
b FRES FOLDERS | REMARK
sl. No
1 NGD_TO_UPGD_NHP_NGT (UNNAO To BALIA) 646 | 69241 |83
GB
2 NDDC TO UPGD _NMCG-NGT_ {UNNAO To BALIA) 151 11932 | 24
GB
0
viwn No. Sugdn unay frg1 Received the above
maw Date FRIR Signature
97 Designation

o A w3 Name in block letter
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ANNEXURE R-3 1 2

qeg f=,
AT YOITell WS,
fRiard vd wa g faunr, sovo,
IR& Ha4, ANEFT, @ |
g9y,
B0 YOHO <llBr,
detie oft, ygE, wadl oid t§ wid s gemT,
U oid fagm G¥emE (NIH), $s@1, STvdvs |

g h— 366 / 030 (FOU0F0) / 2024—25 oS, fesia: 0 o, 2024

fa9a:— T 9 & Segment B, Phase-ll (S<Td & dferdl) & Flood Plain Zone (FPz) & fAeriRor vq
i (Delincation & Demarcation) 8 Survey of India & UT<T 01 Hl0 HSX XA (Contour
Interval) AT /ST BT BRIH B HaeT H |

ARG,

H10 RTSEIY B8R ¥R gRT fasTids 11.07.2024 &1 fd T A<l &7 T HRa §C A
3% E{%?JT TGS BRI & T AT B Segment B, Phase-ll (?Fﬂ'c{ q EI'%I’GT) DI Flood Plain Zone
(FPZ) @ fReIiRor Ud ARTid (Delincation & Demarcation) B 01 #I0 HcX $XAd (Contour Interval)
qHEfE @1 e @ g oft, e B9 § 9 oifw e g1 A 07.08.2024 B 01 W0 Hey
$TAE (Contour Interval) STT (LIDAR data) AT HIYT H ST T faT 7T 2 |

I ST BT ol Volume- 798 GB 2, TP T @ Fewl & gfeTTd I@A §U AU R
2 fb dprdt el fTIeR iRt @1 A1 &) ST U &= &g 1TB & hard disk & W11 ¥+
BT B BN, TR 6 Iad U< ST Tohral MY A HRIarE! v SR Bl Sl | |

IWRIFT STT 39 AR & A YD TG fHa1 o T 2 & 3901 STAT dad fAvas
P o] fhar SIRAT de g9S STl 39 ST &1 FANT fh ff oRRefy # 7 a1 fasit ow el
% forg far SRR iR 71 &1 fklt o =fda 9 &Renm & 1T |Arsn fhar SR der Ser o gof
FRET B SRR |

-g/e%\”’\

& )\SAAI=IT (FOU0w0)
LEIC / 403110 (}0Y0%0) / 2024—25 / afei®: <&(\&)ﬁ"”"‘
wfaferf fefoRad o1 gammel va smawas HRiarE! &g I¥d 2|
. J& AT (RS Hed), Rag U Sfa e faWTT, Sov0, oes; |
. g Afgear (), RiaE vd oo SmeE {9, Sovo, aRToTY |
. g A= (St darE), Rieg Ud STd |9 faMmT, Sovo, deeTss |
. JTENNET AT, THOTHOIMSOUH!, Riamg Ud et A9 fa9mT, S0, o+ |

B WO N -

(guwra R4E)
e A= (JoU0HO)
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draR T AR JreT (LGBO),
DT Ol ATINT, IERAT WS,
3IqTeldiSl, 9S-T—800001

©7 /030 / THTHATSTAT / 2023—24

_E mail

ANNEXURE R-4

13

i\ ST9aN), 2024

fawa:— Sowo #F Rerd T 9< T IHPT WERIF AUl TR LGBO & 3I<I7d IUd Gauge &
Discharge stations T 3fp F 31 auf &1 Ser Ud Cross-section data SUcT&] PR D

AEIey,

T F |

AR I BRT srfdavv, 8 facell & Adel & srgute™ # 79 4] & Segment-B,
Phase-11 (371@ ¥ dferan) @I Flood Plain Zone (FPZ) @& €T Ud Midha (Delineation &
Demarcation) T AR ﬁlﬂ'l?g( Tq STl G91EH T, Sowo gwT fhar o <ET 2|
Flood Plain Zone fA&IiRoT vg i %@ Gauge & Discharge Ud Cross-section data 3090
BT FHAS JART B & BRYI JAP AeedqUl &, [T 84 WIMS Portal & #regd A fr=iferRad
ST ICTE & Water Level Ud Discharge data UTed 31T g —

:(') District Gau’g\g::tion Water Level Discharge avali)I::Iity Remarks
1 | Fategarh Fategarh 1431-11351%20 14311(1)_51%;;0 53 yrs

2 | Kanpur Nagar Ankinghat 0;)(3(1);’1_%;;0 0269(1)31_%;;0 30 Yrs

3 | Kanpur Nagar Kanpur 0280(1)-21—%[21;0 0280(1)_21-%1213'(0 30 yrs

4 | Dalmau Raibareli N/A N/A

5 | Phaphamau Prayagraj N/A N/A

6 | Chhatnag Prayagraj 020(3(7)_71_%(2);0 020%71_%(2);0 53 Yrs

7 | Mirzapur Mirzapur 0;)0861-52)?)2 3to oéoogélggg 3to 48 yrs

8 | Varanasi Varanasi O;,o?égl_ggggfo O;gé;ggg;o 55 Yrs

9 | Ghazipur Ghazipur 01602-82_2(1)12150 N/A 10 yrs NthiS::aailrSSIe
10 | Ballia Turtipar 01403)81%;;0 014(338123)250 50 yrs.

11 | Fatehpur Bhitaura 0;10(1)71_%‘21 ;o 0;1037123; ;o 49 yrs.

W | owe | BEmee [mmmee o,
| v | S [Ty
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- District Gasie Stakar Water Level Discharge E.)ata? . Remarks
no Name availability
. 15-10-2018 to | 15-10-2018 to
i o 31-07-2023 31-07-2023 Oyis
01-01-1974 to | 01-01-1974 to
15 Buxar 15-08-2023 15-08-2023 By

AT h:—

37t I IR ® o U Wed ¥ SWid weMl & JAfaRed Sodo # Rerd
&) Ud IAd! FE™d AfGAl BT Gauge & Discharge data Td Cross-section data SUCTET P BE
N, e 6 s &1 aifderg gob far S | |

b

( )
%@ﬁwmﬁ

/ arcfo3if¥0 / ThuHIE T / 202324 / {11 S:

yfafaf—fr=fefad o1 gt vd snaws dridE! &g itd—

1. T AT, I TONEl |ied, RiEs Td Sfel W¥reH fauWnT, Sovo, TS |
2. &I AT (IRET FETEd), RiETE Td St | fauET, Sovo, S |

3. SIRrER ST, 916 YdweE el UITel avs, RiEE ud Sia |-rE {9, Sovo,

TG |

/

(Qder gra)
arefleror rfar
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ANNEXURE R-5

Ministry of Jal Shakti, Government of India1 5
Deptt. of Water Resources, RD & GR

q8I sifipgar srataa Office of the Chief Engineer
 EERIRIUIEGIEE U CE Lower Ganga Basin Organisation
FENT o TR, YT - Central Water Commission, Patna
I, g3/ e/ s gegl-eer2024/ 160 famier-18.01.2024
Jar ¥,
Sfefieror i,
¥ S a1 YUIel! 6,
s wd Stat wme faum,
Jo Yo, A1 |

4
f: Jo To  FRyT 1711 1€} U4 34! GeTud Al R LGBO I Sfavid RITfUd 7S & Discharge
stations BT 31 T I I8 &1 STeT TG cross-section data ST TR & Hag H |

el gt g3i® 07 / Sidftosito/ThURSEY1/2023-24 f&i®: 16.01.2024|

Tefiti U % gRT S0 98 Gfa frar & fop RS ud o e fum gR e A &
Segment-B| Phase-ll (351 ¥ §ferdn) @I Flood Plain Zone (FPZ) & Py wg i
(Delineation & Demarcation) &1 W%@ CWC & 719 stations & Water Level Td Discharge,
WIMS UIEe A U 81 T & | 91y 8 IR vew § fRyd 71 A1) Ud 39! Gerae el BT Gauge
& Discharge Td cross-section data 3T DR BT G-IEP?W g |

= Sy B 98 9a1 & O SR vew & fRya 7 7} vd Sue Ao Al W LGBO &
aicefa @Tfid Wit Gauge & Discharge stations @1 Gl Te & U &1 1 81 & | 377 T4l sites
A GG SHTHS WIMS Portal TR ST oY S0 HRATS &g download a1 o Hedr g |

Ig g Sfigar &) Al | ok} far S © |
Hadig

(4 \

{
-~ T igley\ >
HHY HUR ¥7) g1\ f
3refteron SR (@ Ho)

g—;ﬂ : 0612-2541087/2541065
: 0612-2541865/2541087
e-mail: celgbo-cwe@nic.in

Adalatganj, Patna — 800001
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Sites under LGBO in Uttar Pradesh

16

]:;) Site Name RIVER NETWORK Sub - Basin DISTRICT STATE

1 [Chhitaunighat Ganga/Gandak Gandak Kushi Nagar Uttar Pradesh
2 |Ahrora Ganga/Jirgo Jargo Mirzapur Uttar Pradesh
3 |Akbarpur Ganga/Chhoti Sarju Chhoti Sarju |[Ambedkar Nagar  |Uttar Pradesh
4  |Ashatpur Ganga/Chhoti Sarju/Maghai  |Chhoti Sarju |Ghazipur Uttar Pradesh
5 |Azamgarh Ganga/Chhoti Sarju Chhoti Sarju [Azamgarh Uttar Pradesh
6 |Mau Ganga/Chhoti Saryu Chhoti Sarju [Mau Uttar Pradesh
7 |Chakghat Ganga/Tons Tons Allahabad Uttar Pradesh
8 |Chopan Ganga/Sone Sone Sonbhadra Uttar Pradesh
9 |Chunar Ganga Ganga Mirzapur Uttar Pradesh
10 [Devkali Ganga/Gaangi Gaangi Ghazipur Uttar Pradesh
11 |Duddhi Ganga/Sone/Kanhar Sone Sonbhadra Uttar Pradesh
12 |Jalalpur Ganga/Gomti/Sai Gomti Jaunpur Uttar Pradesh
13 |Kasmabad Ganga/Chhoti Saryu Chhoti Sarju |Ghazipur Uttar Pradesh
14 |Kohdarghat (Tones Aquaduct) |Ganga/Tons Tons Allahabad Uttar Pradesh
15 |Lalganj Ganga/Tons/Belan Tons Mirzapur Uttar Pradesh
16 |Maighat Ganga/Gomti Gomti Jaunpur Uttar Pradesh
17 |Mejaroad Ganga/Tons Tons Allahabad Uttar Pradesh
18 |Narahan Ganga/Durgawati/Karamnasa |[Durgawati |Chandauli Uttar Pradesh
19 [Narayanpur Ganga Ganga Mirzapur Uttar Pradesh
20 [Negai Ganga/Sone Sone Sonebhadra Uttar Pradesh
21 [Niwari Ganga/Sone Sone Sonebhadra Uttar Pradesh
22 |Pratapgarh Ganga/Gomti/Sai Gomti Pratapgarh Uttar Pradesh
23 |Saidpur Ganga Ganga Saidpur Uttar Pradesh
24 |Shahzadpur Ganga Ganga Kaushambi Uttar Pradesh
25 |Sitamarhi Ganga Ganga Sant Ravidas Nagar |Uttar Pradesh
26 [Sultanpur Ganga/Gomti Gomti Sultanpur 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 Sonbhadra Uttar Pradesh
30 |Allahabad Ganga Ganga Allahabad Uttar Pradesh
31 [Ballia Ganga Ganga Ballia Uttar Pradesh
32 |Gazipur Ganga Ganga Gazipur Uttar Pradesh
33 |Jaunpur Ganga/Gomti Gomti Jaunpur Uttar Pradesh
34 [Mirzapur Ganga Ganga Mirzapur Uttar Pradesh
35 |Phaphamau Ganga Ganga Allahabad Uttar Pradesh
36 |Varanasi Ganga Ganga Varanasi Uttar Pradesh
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ANNEXURE - R6
Progress Report

FLOOD PLAIN ZONE DELINEATION
FROM UNNAO TO BALIA

Inundation [2009 t0 2023] - . . . A,
JRC [1984-2021]

100 Year return period flood

National Institute of Hydrology

Jal Vigyan Bhawan, Roorkee (Uttarakhand) — 247667
July, 2024
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1 INTRODUCTION

Floods constitute one of the major national calamities faced by India 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 realised that absolute and permanent protection to all flood prone
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, etc., to effectively supplement the structural measures for providing
sustainable protection to flood affected areas. The broad concept 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 Water
Commission (CWC) as early as 1975. CWC had prepared a Model Floodplain Zoning
Bill for adaptation by states but it did not receive due attention of states.

In pursuance to the directions contained in the judgment passed by Hon’ble NGT a
Report on identification and demarcation of the flood plains of river Ganga in segment
B of Phase- | (Haridwar to Unnao) was prepared by 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 delineation from Unnao to Balia” as
per direction given by Hon’ble NGT. This study was originally envisaged with similar
methodologies as used by CWC in the earlier study for the Ganga River in the stretch
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 period (REGD. NO. D. L.-33004/99; 2016).

2 OBJECTIVES AND SCOPE OF WORK

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

year, 50 year and 100 year at different gauging sites based on flood frequency

20
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analysis
b) Flood Plain Demarcation based on Satellite Data/Images.
¢) 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 stretch is about 700 km and 30 km buffer zone is also demarcated for analysis.

lKanpurg

[Bhitaura B Dolm au,

Shahzadpurg
(ChhatnaglAllahabad)
: {Sitamarhij

100

Figure 1: Index Map 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.
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Figure 2: Location of G&D sites and their catchment area

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

SN HO Site Data available
1 | Kanpur 01/01/1974 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 flood 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 1m X 1m grid size. Extent of DEM and location of

3
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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
SOIl. These DEM doesn’t capture topography under water as shown in Figure 4 and
ANNEXURE-I. Hence these surveyed river cross-sections are also important for

hydraulic modelling for proper representation of conveyance (discharge capacity of
river).

1

93

K

R
Bhitaura
&
| f—~Ballia/
Shahzadpur - a
2 . @‘%Ghazipur Buxar
Phaphamau 5 ‘?&;
Chhatnag Allahabadl R
Mirzapylw
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 (SOl)
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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 to Unnao (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 carried out for various gauging sites in the
study reach using various frequency distributions to estimate floods of various return

periods up to 100-year return period.

4.1 Satellite base approach

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.

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:
e Upstream branch to provide constant flood magnitude equal to the given return
period at upstream boundary (Unnao).
¢ Downstream boundary as normal depth at downstream of Balia.
¢ 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 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

5.1 Flood 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-Ill (PT3), kappa (KAP) and wakeby
(WAK) have been used to identify robust distribution based on the L-moment ratio
diagrams and the Z%S‘_statistic criteria. The Estimated floods of various return

periods at six G&D sites are shown in Table 2.

25
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Figure 5: Annual maximum discharge series
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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 | 38445.5
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 | 18192.9 63405.9 60986.7 | 47042.0 | 48163.0
100 18492.7 | 22010.2 69824.7 69086.9 | 48702.7 | 52278.4
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5.2 Flood Plain Demarcation based on Satellite Data/lmages

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 flood 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 Irrigation and Water Resources
Department, Govt. of UP.
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Figure 7: Maximum flood inundation extent map (JRC, 1984-2021)
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-----

Inundation [2009 to 2023] -
JRC [1984-2021]

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

5.3 Flood Plain Demarcation based on hydraulic modelling
In the previous study by CWC (2019), SRTM DEM (90 m) was used with correction of
river profile below the water surface based on available cross-sections. Similarly in
this study also the LIDAR DEM (SOl) is used. About 44 surveyed river cross-sections
are being used for HEC-RAS model setup. The 1-D HEC-RAS model with extended
river cross-section has been prepared. The model is being calibrated for past flood of
2010, 2013, 2016, 2019, 2022 etc.

Comparisons of longitudinal simulated water surface profile for 100-year return period
flood and 2010 flood event are shown in Figure 9. The inundation extent for 100-year
return period flood is shown in Figure 10. The discharge at Kanpur and Bhitaura in they

year 2010 is maximum and near to 100 year return period.
The HEC-RAS model is still requires some recalibration based on recently obtained

flood inundation extents from satellite data. Further, if the 1 m contour data from SOl is

available, model will be updated with it.

11
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Figure 10: Flood Inundation extent for 100-year return period flood
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6 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 Flood (flooding due to over bank flood of the
Ganga river) and this will be jointly carried out by NIH and Irrigation and Water Resources
Department, Govt. of UP. Moreover, attempts are being made to obtain 1 m contour data
of the area from SOI on direction of Hon’ble NGT. The hydraulic modelling 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 final flood plain boundary for 100
year 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
requirement. The coordinates (Lat, Long) at regular interval will also be provided, so

that it can be marked on the ground when required.

SN Task/ Component Aug |I\Ilsoer;)th| Oct
1 | Inception Report Completed
2 | Data collection and Processing Under progress
(1m contour data from
SOl is under progress)
3 | Flood frequency analysis Completed
4 | Flood plain zoning based on the JRC Satellite images of c leted
past 37 years (1984-2021) ompiete
5 | Flood Plain Demarcation based on Satellite Data/Images
6 | HEC RAS model setup (Calibration/validation)
7 | Finalization of hydraulic model results
8 | Submission of interim findings discussion, ground
truthing/ result verification
9 | Demarcation of flood plain based on hybrid 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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Comparison of River cross-section

ANNEXURE-I

river Surveyed vs LiDAR DEM (SOl)
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Progress report on Flood Plain Zone, delineation and demarcation of river

1.

Ganga (Segment B, Phase Il) from Unnao to Ballia till August, 2024

As per the direction of Hon’ble NGT, the DEM data of 1m contour interval from SOI
has been provided to NIH on August 08, 2024, the total volume of data received by
NIH is 835 GB which are in 1X1 km tile. To use this data for HEC-RAS modelling,
merging of all these tiles are required. As the complete data set are in large number
of tiles, merging is taking huge time. Therefore, processing of 1m contour interval
data is under progress.

The flood frequency analysis of available Six Gauge sites discharge data has been
completed and 100-year return period flood has been computed.

Flood plain zoning based on the JRC Satellite images of past 37 years (1984-2021)
has been completed (because only 37 years satellite data is available).

Under the satellite-based approach method, flood plain demarcation based on
satellite data/images received from NRSC, Hyderabad (from 2017 to 2023) and
inundation data received from RSAC-UP, Lucknow (from 2009 to 2016) have been
completed.

Under Hydraulic Model, HEC RAS method, for delineation of FPZ, the river cross
sections data provided to NIH have been utilized for 1-D modelling. After processing

of SOI 1m DEM the same will be incorporated in the HEC RAS model for FPZ.

A
Head, Surface Water Hydrology Division

National Institute of Hydrology
Roorkee
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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 to Unnao (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 carried out for various gauging sites in the
study reach using various frequency distributions to estimate floods of various return

periods up to 100-year return period.

4.1 Satellite base approach

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.

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:
e Upstream branch to provide constant flood magnitude equal to the given return
period at upstream boundary (Unnao).
¢ Downstream boundary as normal depth at downstream of Balia.
¢ 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 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

5.1 Flood 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-Ill (PT3), kappa (KAP) and wakeby
(WAK) have been used to identify robust distribution based on the L-moment ratio
diagrams and the Z%S‘_statistic criteria. The Estimated floods of various return

periods at six G&D sites are shown in Table 2.
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—Kanpur ——Bhitaura
——Chhatnag_Allahabad ——Mirzapur

—Varanasi —Buxar

Figure 5: Annual maximum discharge series
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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 | 38445.5
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 | 18192.9 63405.9 60986.7 | 47042.0 | 48163.0
100 18492.7 | 22010.2 69824.7 69086.9 | 48702.7 | 52278.4
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