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

1.That I, 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 sub_mit 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 

_ -~~fOath ,eg~~c~nt, the,,.applicant had earlier filed PIL No. 31229/2005, before 
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the Allahabad High Court, which in turn was transferred to this 
Hon'ble Tribunal in terms of 1the ordf~r dated 21.07.2023, passed in 

the PIL 4003 of 2006. The Applicant has mentioned that such 
construction as mentioned hen~in iabove is not permissible. The 
applicant has also mentioned that• the applicant's complaint was 
transferred to the District Magistrate Varanasi. The Varanasi 
Development Authority had disposed of the complaint recording that 
the permission was granted vide dated 01.01.2024 by virtue of the 
rues framed by the department and that now the construction has 
been stopped. The applicant has also raised the plea that tlhe flood 
plain zone of river Ganga has not been defined and that 
independent monitoring committee be appointed to assess the 
ground situation regarding the un~uthorized constructions being 

raised within 200 meters from the hiiJhest flood levE=-1 of the bank of 
river Ganga at Varanasi (U.P). 

4. That it is submitted that the Miriiistry of Jal Shak1ti (Mo.JS) has 
constituted a Committee vide O.M Kfated 28.11.2022 and that the 
said Committee has proposed the ctlivision of flood pilain into thre1e 
zones for urban settlement and two z.ones for rural seUlement. That 
as regards NMCG, it is submitted that from, time to tirr1e, NMCG has 
been advising all the states !~overnments in Ganga basin for 
demarcation, delineation and notification of river flood plains and 
removal of encroachment from the riverbed/floodplain of the river 
Ganga and its triibutaries in accordance to the provisions of the River 
Ganga (Rejuvenation, Protection and Management) Authorities 
Order. 2016. 

5. That it is submitted that in para 12 of the Action taken Report 

/~---"" submitted by the Irrigation Departm,ent of the Government of U.P 
/~"'~~uo::,\dated 13.09.2024 before the Hon'ble Tribunal in the matter of 0/li, 
-!2( i o '<~}:5,15/2024 which states that " it is respectfully submitted that the 
.f I c) _.,,, \ ~tion taken report/status repo11 combining flood frequ,ency analysis 

\ ~ \{~ · .•..• \~atellite data and the hydraulic nnodelling will ensure accurate 
· ~; \, "'t •. ~~-,deijneation and demarcation of the flood Plain Zones of Unnao to 

·% \ ~ :-~-aj~ia of river Ganga, in compliance with the Tribunals directives. It 
.. ~·· • ,.,.. i 
\?.,\ ~":'\ .::; ,:,;: ) is .submitted that the entire prooess for the earmarl<ing of the flood 

\ ''Q '~" •(!... • l~"' / ' 
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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 (I)- "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 pollution in the River 
Ganga. 

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

/,":~(-oath Gfil~<t~ft~ matters mentioned hereunder: 
_,,.,/~~~;;_;-=~~~~~iversion and storage of water in River Ganga ,· ,r0,, SL o. J. -i~aV ,, ~ 
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without affecting the flow of water downstream of the River 

Ganga; 
b) construction of bridges and assqciated roads and 19mbankments 

over the River Ganga or at its Ri~rer Bank or its fiiood plain area; 
c) construction of Ghats or extensi¢m of any existing Ghat; 

d) construction of jetties; 

e) construction of permanent hydrraulic structures for storage or 

diversion or control of waters on channelization of River Ganga 
or its tributaries; 

f) deforestation of hill slopi9s andi notif ed forest and other eco­
sensitive areas; 

g) any other activity which con-:ravenes the princiiples laid out in 
paragraph 4 which the Nationali Mission for Clean Ganga may 

specify. 

The project proponent(s) are rnand~ted to seek prior approval from 

NMCG in terms of the above prff✓is~ons. 

7. Partwise reply 

(i) That in response to the ave'ments mentioned in para ·J-4, it is 

submitted that the same is a matter of record. 
(ii) That in response to the averments mentioned in para 5, it is 

submitted that the same is not!disputed. 

(iii) That in response to the averm~nts mentioned in para 6 -10, n 
is submitted that the samIe is a matter of record. 

(iv) That in response to the avermlents mentioned in para 1 ·1, it is 

·/"/.:-;~.,,j~;"',~: submitted that the same is not disputed that the authorrties 

/ <!:i' ~; '\ including the NMCG has been! constituted under River Ganga 
/.§I -tt O · -~i\ {Rejuvenation, Protection ahd Management) Autlhorities 

{.: f ~.,t~~: •"',~ ).:·},~{)rder, ~016 issued under the provisions of thE:i Envimnment 
·, 21 -..':'J .:, ·. ,·:;\'.\ r,fProtect1on) Act, 1986. 

\ ~~\·~~L-. : .. ·=~•.i\ ,,· t~at i_n respons,e to the ,~verments mentioned in para 12, it is 
\ :;~ \ ~; .. ·, \it' . J.t;\bm1tted that tne same 1s a matter of record. ~:~:-r~ r~{t) / ·?~at in response to the avermfints rientioned in para 13-14, it 

" >~> ~ J~~f sub~itted that the same, need no response from the 
<·'i:;-,--~' answering respondent. 
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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. 

~-

DEPONENT 

~ ~Tf "'l"<fffi:f<!'1An;,n , ., 
~ ~ ~") "'·· ,. l\uma, :::,r11,astavc. 
"'\..~ ""'~ · 1 I "-',&'~t'Ne Di~-(~ · ">< ':"""" '1"'17 fi:l,i-l/Naii · •w,,.,, 1echnica1, 

VERIFICATION: ~ ~fl5l"'l, am~ =MiSSion~CleanGen,r 
OeptofW&erResq,,,:,;; ""·-~-··. >nn ffl'!iru1 Rmn1 

\ ~· <nfih. ·•~- w""""IJillE!!I GOO~ 
\,, \ .;net "'"~ ~ 1~!s;llstrv f "811£0 Re;uw,na11,:,, 

Verified at New Delhi on ---Noven,ber,2024 that the'cfflffen~tme-~-j~'. snakt,, 

above affidavit are true ·and~ c~~Jc?V&'"ITTi knowledge based on . . - . 

official record and no part of it is false and nothing material has been 

concealed therein. ~)--

DEPONENT 
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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 ........ APPUCANT 

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 1-cS) 

VTTAR PRADESH IN COMPLIANCE WITH THE 

ORDER DATED 27.05.2024 and 11.07.2024 

2 True Copy of the letter no. 327 /CE/1$O/2024-25 .9 
dated 22.07.2024 {ANNEXURE Rl} 

3 True Copy of the letter no. 4189/39-EI dated ! 0 - fl 
07.08.2024 (ANNEXURE R2) 

4. True Copy of the letter no. 366/M.A. (S.P.S)/2024-
1 ..1 

25 dated 08.08.2024 (ANNEXURE R3) 

5. True Copy of the letter no. 07 /Adhikshan 
I 1 · f'-! 

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./0.8. 
Hydro- Data/2024/160 elated 18.01.2024. IS- IC:. 
(.ANNIEXURE RS) 

-
7. True copy of the NIH report July .3nd the progress n- 311;, 

repent till August. (ANNEXURE R6: 

8. True copy of the methodo!ogies. {ANr~EXURE R7) Ji'· 3~l 

9. True copy of the 6 G&D Site •,vise :ibserved a,nnual 

maximum data graphs and the table of estimated 35 - li I 

floods of 1iarious return periods. (ANNEXURE R8) 

··-

DA TE: 13.09.2024 
PLACI~: NEVv DELHI 

BI-LA. AR PA,L SINGH JADON 
STANDING COUNSEL, STA TE OF UP 

NATICNAL GREEN TRIBUNAL, NEV~r DELHI 
BHANWAR09JADON@GMAJL.COM 
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BEFORE THE HON'BLE NATIONAL GREEN TRIBUNAL 

PRINCIPAL BENCH, NEW DELHI 

0.A. No. 515 OF 2023 

IN THE MATTER OF:-

GANGA POLLUTION .•.. APPLICANT 

VERSUS 

STATE OF U.P & ORS. . •. RESPONDENTS 

ACTJON TAKEN REPORT/STATUS REPORT ON 

BEHALF OF PRINCIPAL SECRETARY, IRRIGATION 

DEPARTMENT, STATE OF UTTAR PRADESH IN 

COMPLIANCE WITH THE ORDER DA TED 27.05.2024 

and 11.07.2024 

I. 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'blc 

Tribunal in true letter and spirit. 

1 
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2. That in the present Original Application 51 5/2023 Ganga 

Pollution vs. State ofU.P. the core issue involved revolves amund 

defining the flood plain zone of river Ganga and its tributaries in 

the State of U.P. and actions taken by 'lhe concened 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--I, has already been 

submitted lbefore this Hon'ble Tribunal. AdditionaUy, a report 

dated 24.05.2024, concerning compliance with the order dated 

l 5.03.2024, has also been submitted before this Hon'ble --:--ribunai. 

That the matter was listed on 27.05.2024 and 11.07.2024 and the 

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

Order dated 27.05.2024:--

I. Para 9 "We also take note of the fact that in respect of thc.:: stretch 

of Yamuna River :1t Gautam Budh Nagar and Greater Nciida in 

OA No. 275/2023, exercise for demarcation of floodplain zone 

has been undertaken on the basiis of the map obtained froir_ Su:rvey 

of India wi.th 01 m conlour interval. Therefore, State amharities 

may consider as to why the same approach cannot be adopted for 

demarcating the fl:Jodpiain zone of river Ganga in the stretch 

under consideration". 

TL Para rn "Learned Counsel appearing for State of :JP has 

submitted that NIH will be abl.e to submit the interim report by 

October 2024 and completion of work defined in the Agreement 

dated 22.12.2023 will be compkted by December 2024." 

2 
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Order dated 1 l.07.2024:-

III. Para 3 "Principal Secretary, Irrigation Department, State of UP 

has also submitted that authorities will approach Survey of India 

to obtain map of the relevant stretch with O I m contour interval 

and explore the possibility of demarcation of flood plain on that 

basis." 

TV.Para 4 "fn respect of dividing the flood plain in three zones i.e. 

(i) prohibited zone: recurrence interval of05 years; (ii) regulatory 

zone: 25 year return period flood; (iii) warning zone: l 00 year 

return period flood as stated in the report dated 24.05.2024, a 

reliance has been placed upon the order of the Tribunal dated 

13.07.2017 in OA No. 200/20 l 4 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 Jetter 327/CE/ISO/2024- 25 dated 

22.07.2024, the Chief Engineer/ UPSW fnfonnation System 

Organisation Irrigation & Water Resource Department IWRD 

Luknow, 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. TI1e Chief Engineer, Information System Organisation, 

\ 

3 

Q· Scann,;,:d with OKEN Sc..,,nner 

140



Irrigation and W2.ter Resource Department, Uttar Pradesh, 

Parikalp Bhawan, Telibagh, Lucknow, requested to provide the 

0 Im Contour Interval for Utiar Pradesh so that the demarcation 

and delineation of :he Flood Plain Zeme can be do:1e. True Copy 

of the letter no. 327/CE/IS0/2024-25 dated 22.07.2024 is 

rnnexed herein as AN:\IEXURE RL 

5. lt is most humbly submitted that vide letter No. 4189/39- El elated 

07.08.2024, the Dire:tor/Survey ofindia Map Bhawan/lv.:ane::hitra 

Bhawan Uttar Prad<esh Geospatial Directorate (Northern Zone) 

Uttar Pradesh G.D (Northern Zone) Luknow, has written a letter 

to the Chief Engineer, Irrigation and Water R~sources 

D~partment. l.uknow. In the described letter the soft copy of O 1 m 

Contour interval oft:he Flood Plain Zone of river Ganga has been 

sent to the Assistant Engineer m Invoice No. 

R.K/3773/UPGDC/LUCKNO\li/. True Copy of the letter no. 

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

R2. 

6. lt is pertinent to note tlhat, as per letter No. 366/M.A. 

(S.P.S)/2024-25 dcied 08.08.2024:, the Chief E:igineer, 

ln:onnation System Organisation, Irrigation and Water Resomce 

Department, Uttar Pradesh, Parikalp Bhawan, Telibagh, 

Lucknov.1, has corresponded with the Scientist, Head, Su:-face 

Water and Hydrolog_v Division, National Institute of Hy:irology 

(NIH), Rorkee, Uttarakhand. It is submitted that the 01-meter 

contour interval ma;:i received frorr. the Survey of Ind,a is 

intended for the purposes of demarcation and determination of the 

Hood Plain Zone (FPZ): Tme Copy :::if the letter no. 366/J\if.A. 

4 
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(S.P.S)/2024-25 dated 08.08 is annexed herein as ANNEXURE 

R3. 

7. It is respectfully submitted that, by virtue of letter No. 

07/Superintending Engineer/FMISC/2023-24 dated l 6.01.2024, 

the Superintending Engineer, flood Management Information 

System Centre, Jrrigation 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 

80000 l, 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 

detennination 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 16.0 l .2024 is annexed herein 

as ANNEXUR.E R4. 

8. It is pertinent to note that in response to the vide letter No. 

Mu.A/N.G.B.S./D.B Hydro-Data/ 2024/ I 60 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 

5 
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System Centre, Irrigation and \Vater 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. fv1u.A/N.G.B.S./D.B. Hydro­

Data/2024/160 dated 18 .0 l .2024 1s annexed herein as 

ANNEXURE RS. 

9. It is respectfully submitted for the esteemed consideration of this 

Hon'blc Tribunal that the report from the NIH Ju!y-2024 and the 

prngress report till August has bee;-i annexed herein as 

ANNEXURE R6" 

I 0. H is important to submit thai the demarcation of the flo.:)dplain 

zone has been conducted ·.vi!:h consideration of a l 00-year spread, 

using the Hybrid Methodotcgy. This approach utilizes a 100--year 

return period flood, which is estimated through flood frequency 

analysis of the annual. maximum flood discharge d2ta from 

available G&D (Gauge and Discharge) sites over the relevant 

periods. 1l1e estimation is conducted using hydraulic modeiing­

EEC-RAS, ttie flood frequency analysis is calculated using the L­

Moment Ratio method and 37 years of data obtained 1J1rough 

satellite imagery using Landsat data. The Hybrid Methodology 

\Vas chosen because both satellite analysis and modeli:1g have 

ir;hcrent limitations. Specifica!!y, satellite data may not capture 

the fu!l extent of f1ood events, and model results are subject to the 

quality of the Digital Elevation Modc:1 (DEM).Trne copy of the 

methodologies is annexed herein as ANNEXURE R7. 

t 
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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 

I.e. Extreme Value (EVl), General Extreme Value (GEV), 

Logistic (LOS), Generalized Logistic (GLO), Nonna! (NOR), 

generalized pareto (GPA), generalized nonnal (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 l 00 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 R8. 

J 2. 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 Ba Ilia of the 

River Ganga, in compliance with the Hon'ble Tribunal's 

directives. It is submitted that the entire process for the 

earmarking of the flood plain zone would be completed by the 

December 2024. 

l 

7 
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l 3. Thar the Irrigation Department of lhe State of Unar Pradesh is 

fully committed to adhering to tht directives of the Hon'ble 

Tribunal and ensuring compliancei with the stalutory orders 

outlined in the Ganga Rejuvenation (trder, 20 l6. 

l 
(Anil 6arg} 

Principal Secret2:ry 
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Frorn:. 

To. 

Suprmbhat Singh 
Chief Enni / ~· ~ nl'\'T "od ~I Offir~r lJl'S\\ 
lnforrnAllon SJ~lcm Ori:anls•flon 
lrrigntion & Waler Rc-sonrrr< O~p~rtmrnl. f\VRll 
Lucknow, U.r 

The l>irtttor. 
Utbir Pradm Geo-i.patial l>lrecfon!e., 
Suney of l.odia, Maochltn Bb,nno, 
5 -Vlbbuli Kh12d, Gomtl Nagmr. 
LUCKNOW !'IN - ll6 O 10 

ANNEXURE R-1~ 

Letter No..: J 2.1- /CE/JSO/2024-25 Date:.2...2.J071202A 

Subjett: • Regarding providing the map wi1h 01 rn conlourinterval ofU11ar Pradesr 

Dear Scr. 

Honorable, National Green Tribunal (NGT) bas ordered to delmea!e 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 !he Central Water Commission (CWC), lrrig.,tion &. Wata ResoUJt<:.' 
D"l)arune:nt, Ut1ar Pradesh (I& WRD. UP) has initiated working on it with the assistance of National Institute of 
Hydrology (NIH), Roorkce 16 delineate and demarcate !he Flood Plain Zone (F?Z) from Unnao (near Kanpur) 10 

Ballia 

Honourable, Nation.al Green Tnbunal in iis order dated I 1.07.2024 has directed Irrigation and Waicr 
Resources Department, Unar Pradesh to obtain the map of relevant stretch with 01 m contour interval from Survey of 
lndia and explore the possibility of demarcation of flood plain zone on that basLS. 

In view of the above, under,igned request you to kindly provide the m;rp wit.~ 01 m comour in:1erval ic· 
U!Ur Prad~ so fhat the dcna=tion. and delineation of flood plain zoo,: can be dont 

NGT order da!J:d 11.07.2024 has been enclosed for your kind perusal 

Your support and cooperation in this.regard will be ofutmos! imporuncc 

£odosure: As above 

Letter No: .;JZ'J /CE/16O12024-ZS Dttecj:-.U./07/2014 

Copy to: -
J. Special Secretary, Seclion-4, Uuar Pradesh Secrclariot, !rrig111ion & Wntcr lleSQurces Dcpanmcnl lud.:n,H1 

2. Engineer-in-Chief & Head of Dept., lrriga1io11 & Water Resource~ lxpurtmcnt. ludmo\\ 
J. Engineer-in-Chief (D. & P.). Irrigation & Wala llesources Depurtnl<"nt. ludu1ow. 

4. Chief Engineer, Sharda Sahayak, lrricalion & Water Resources Depnnment. lud:.1,0\\. 
5. Chief Engineer, ,';one, lrrigalion & Wutcr Resources Depurtment, luck.now. 
6. Chief Engineer, Waltr lksourcc,, lrrigulion &: Wutcr Resources Dcpurtment. Lucknow. 
7. Superintending Engineer FMISC, lrrigatioo & Water Resources Department, Lucknow. 
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ANNEXURE R-3 

~"5~1 3~, 
--" 

"9:~IT q1,rr.Jl 1iir0, 

R1· ,::i-ref ~cl' vi-17f ~'<R rtf>1PT, ~-rnc;ro, 
qf~q,c,-1.; Tl~, r,:ic,-n<lPI, ~•@Ffm I 

;so ~o<i>o a~, 
~'§TG'r<F "Cf!, 1P'J~. ~mfr \Yj~ \;cf '-'fa ~!R ~T{Ff, 

~TT ';Jfil ~ ~~rR (NIH). ~"if,1, •dni~i"(§l"tr.s I 

fcr:nl:-177 -;:,cf- cl'i Segment 13, Phase-I! ('3~ ~ cl~") cf,f Flood Plain Zone (FPZ) cf :~rtlhfff 
~-;! '.Delineation & Demarcation; i-zx Survey of India ~ 1JM Oi .frc cf~~? ~,7f (Contour 

lnterva!) ~ /icr ITTWTG cf.x"T~ cfi ¥cl ii I 

i:ro ~,:r cRc1 ~ IT{f fc+cf, -i101.2024 ~'r Rii 1lir ~ c.FJ ~',]:1,%:,~ cf,'<a s\;; xf~ 

3l'fcF ef,:sm, ~·~•113) <rillllc1li iT ;rf,n ~ cfi Segment B, PHase-il (~ "ff ~:n) rfiT Flood Piain Zone 

fFPZ) er f.rtTfxu ~ m:i:ricn;f (Delincatio'1 & Demarcation) ~:g 01 .fro cf,"~ ~,f',{qG (Contour lnterva) 

~~ q51" cfITA1 cfT 11i QTT, ~ w11 if '1TT 2.frqi" ⇒R;,n sf's'T ~ 0,.082024 cp'r O'. 1f!O ~\ 

~@ (Contour Interval) Kl (liDAR da:a) BlTfc #i' ii}"~ cITT"f ~ ;'f<TT g ! 

'3cf.l -tcT cf,T ~ Volume- 798 GB t, ~ q,p:fr2f31 TTT:~ cfi ~,o ,rnR'\ s~ 3lNxl 011i1u 
t ftp ~ ~fr fr.~R 3i'mqil'IT cB'r ~ff?@ er,;.' ~! ;ntct ~ ~ l TB cfT hard disk cfi '(7'"~I •'fs1 -': 
er, f cf>~ qoz, ~ ftp '3cfff lTTCcl ~ ci;':r,7cvf 31 I q ct, I ;i-1 ft •~ cfil <fo I fl ~ 3-rn=rff(1 $7 vfT xJcfi I 

ll":lf.:n==:... -··· _ /_'.IQ__~__fil~O_RQ_xfQ} /1Q?~=--:?_5.1~.Tii~~'>: 
;:f21'fc;•[t! r:1 ~ ra ma qi]" ~-c:r-.-rrcl "'ci ;}~ c·) r,:,tcn-g1 ~:g 4l1TT1 ~ 1 

1~ ~ (WR!" ~~r<T<F) rav.rt i:,rcf .\51C1 ffltf'[ fc:'l'!PT, '3mm. <"]~''3, I 

2. j1:.sz. J.JNli7""1T (~). fuur~ Q""ci" \JlC1 x=iTlTer:;, PTPT. hmno. cTRromt i 
3. 10Z 31"fi::m~ (\Jle1 x~~i'i-.Fr). fo~rt ~ ~i"-i' xt~::w,Frl TTl'lf:<T. '3@o, <:1 «l <1 0-, 1 
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' 

3fF-.:friRU1 JTNlRTT, 
~ qq-~ ~TAT 11Ufl"ill ~~. 
fut:fref ~ct ~ ff~ Fci'l"Wr, 
'3" o 11 o . C'l a ~1 iJi l 

~~ ~IMlFfll, 

HnTT TTTfT ~~ ~ (LGBO). 
qi~ vTR 3fnTT11. ~~ m. 
3F;!&EJJI\.TJ, ~-800001 

1-3--
ANNEXURE, ,R-4 

c;-::l1cn>- C:.~ /31t:.J1001!'4"0/~3ll{'\'riti
0
i/2023-24 ~rilc,'l 1, f:,; v·Fi<:r~T, 2024 

;'?i'::ili:- 00~0 ii' ~.Q.Rf o/TT ~ ~ \jfiq,7 +li:5/i.lcp -1f~ci'; 9x LGBO cf Ji~ ~-'2-l1f\k: Gauge & 

Discharge stations cnT 3TT'i:J~ ~ ~ cftTT C()T ~cl ~ Cross-section data \jlifl&.f ch'(i~ cf 
~#1 

'""16,i c;_ i.l, 

~ ~ TT~"i ~ cn:rcrr, c::r;i '-'>-······""'1 -'- P,...'.f-.• '.; -2:: '.! - "rr,···•···• ;: T,'-,y, ·_-,.+'- o•'- ·, [3 
'!~ t½C"Z1l Cf} \'IC.<'.i~ Cu v,']"1,iC'l~ +i l"ll "7.Gi Cf} :SCgrnent- ). 

Phase-I[ (~ ff ~f~H-11) cITT flood Plain Zo11c (FPZ) (f, Rs;-RuT Z,:f ~~-19ic.fl'1 (Detrneauon & 

Demarc a rio n) cF,f q=;nf i1J-;-q 1 { ~ i::rfC'f ~t.f~ fu..:n.7-_ ;::im:ro ~re ~'T vff WI g I 
Fi()od Pbrn Zone Fl~TTT ~ci +fl .,;e;,.,'l ~ Cauge & Discharge \CT Crnss-secti,:;n data '3'01:m 

-=-, =--.c,-...:::r U'l-.,IT .~ ~ ----:-ru-· ') r "!'""··-,· n-TP{/f .,._ D--r-~ :,n'r \. -. \ l - p I ->- TTTT',TTI Ir r:_, F> i~ :_n ! -:-,-1 ~ \ 1 , ... 1 c--· " 4 
, ~ i ri q1 er .. l '- l V1 f'y ! ~ en "l 6 cq ~., t', 1 "J1 '<7 '7 ,:- "l .v L , ~ o rt a. q, '7 ! ~ .., " 1 l ... 1 ki ; ci 1 ~ i::-r 

•R <-c.<:i,.{f ci>' \\'at..::r Level~ Discharge data ~ g 
--··-·--------

S. Gauge Station 
District \Nater Levei Discharge 

Data 
Remarks 

no 

1 

2 
! 

3 : 

4 ' 
: 

5 '. 

6 

7 ' 
' ! 

8 i 
I 

9 
' 

' 10 i 

Name availabiiity 

Fategarh Fategarh 
14-11-1971 to 14-11-1971 to 

31-05-2023 31-05-2023 
53 yrs 

Kanpur Nagar 

Kanpur Nagar 

Dalmau 

Phaphamau 

Ankinghat 

Kanpur 

Raibareli 

Prayagraj 

01-01-1974 to 01-01-1974 to 
20-03-2023 20-03-2023 

i---0·1-01-i974t~ -· 01·:01:-is14r~-- · ------··---: --------• 
28-02-202.3 28-02-2023 i 30 

yrs 
--------+- ---..;.-------1 

N/A N/A I I 

-··7 
N/A N/A I 

30 Yrs 

03-07-1970 to 1 03-07-1970 to 
Chhatnag Prayagraj S3 Yrs 

---------~ __ 2_0_-0_7-2023 20-07-2023 --i---------
Mirzapur 

Varanasi 

Ghazipur 

Bailia 

Mirzapur 

Varanasi 

Ghazipur 

01-06-1976 to 01-05-1976 to 
30-06-2023 30-06-2023 

01-01-1958 to 
30-06-2023 

01-06-2014 to 
16-08-2023 

01-01-1968 to 
30-06-2023 

-------·-··-·...-"'----·--

Turtipar 
01-01·1974 to 

48 yrs 

50 yrs. 
---···-·--·-t----·----~-~-· -···· -~---·-·-------- ·- ----·--

; 11 / Fat_ehpur Bhitaura 

14-08-2023 
01-01-1974 to 

31-07-2023 

N/A 

01-01-1974 to 
14-08-2023 

01-01-1974 to 
31-07-2023 ' 

12 

13 

Chunar 

Narayanpur 

15-10-2018 to 
16-05-2023 

15-10-2018 to 

31-07-2023 

15-10-2018 to 
16-05-2023 

15-10-2018 to 
31-07-2023 

49 yrs. 

06 yrs 

06 yrs. 
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s 
no 

Gauge Station 
Name 

Discharge 

14 
Jara 

avaiiability 
is~::5~201s t;;---;-... s---1-o-_2_0_1_s r~T:, .. --··, .. ;; , .. r·-:--- r . 

Saidpur C/v , , 

31-07-2023 31-07-2023 i --------f----------l----·----.. - .. ·'- ........... ----J 
14 

15 Buxar 
01-01-1974 lo 01-01-1974 to l 

49 yrs. 
1s-os-2on 1s-os-2023 -----~-

i _/ 
---iL~------~--=-
( ~J;I-)t~) 

·, ... .,,",;:,.~ ..,,~ y~}?·-~·-(, i ..:n1~<..1'\l1 
*\\_..\ 

q-:;ITcp:- / 01sfi03WiO / 1;;~zjTITTfi / 2~23-24 J.~: 
i;rfill2ifq _ p., kl R-, laa cir '-'f-::1 'i I~ ~ ,3~ cfi·, 6 cl 1fefy ts ~-

1. :F--"<-1 3-i~. ~1-c111 qurr# ~- R.;c:11:i tj;:t v1<:'1 '<:ifllSH' f:r'iWT 3mrn. ~l-8'10', i 

2. j-:...i:l; 3,f~i:r--m (wxc: fl61llcn), F~-a1.f ~ 'G1cfl ,(,-~-1ia:;9 fcnwr. 00\JO. ~ri ! 

3. 2--~~ lf-1"1 01~. qfs_ ~~., +nFn ~ icR i11ci1i{ ~ ~ ;;:n=rr~, 17-r..:n,r zo;:ro. 
"' 

c~-t~/ ~cm1) 
3f't:f~ Jl~ 
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ANNEXURE R-5 ~ 

"GIB~~- 'l-fffif ~ 
vffT ~T'1R, ;,-cfl ~ ~ TflJ1 "ffi"&f{Tf fcr'lWT 

~ ~ ¢14Tci4 
~!pT[~~ 
~ uIB JWITll', lWTT 

tr. 1J.Jf;R:rt.°&.tf~.~- ~-sRl/2024/ t 60 

mn*, 
JftfiaruT Jffw:taT, 
~ qaftFf ~ WJJTffi ¢S(, 
~ ~ ~ tfm'<Ff fu'l-f!Tf, 
0o"Q"o,~I 

Ministry of Jal Shakti, Government of India 

Deptt. of Water Resources, RD & GR 
Office of the Chief Engineer 

r 

lower Ganga Basin Organisation 
Central Water Commission, Patna 

~-18.01.2024 

~: 00 ·i;i-o * IBld rfTff ;itt "Qcf ~ ~ ~ t:R LGBO $ 01c=rfu ~ 11\iT & Discharge 

stations err J-ITTfcp "B" ~~err 5lc1 ~ cross-section data ;:JQ&J ~$~ti if I 

~·i.f JfTCTi'ITT Q;ITcfl 07 / JftfioJffe{o~~/2023-24 ffi1iq>: 16.01 .20241 

~. 
tfcJ'ifu n $ ~ JfTIFr ~ ~ FcPm 6 fci5" ~ i:zct ~ -mITtR fct'l-f!Tf ~ rfTff ;itt $ 

Segment-Bl Phase-II ~ "B" ~ cr=f1" Flood Plain Zone (FPZ) $ RURUT ~ Bll-licb.:i 
(Delineation & Demarcation) cf5T ~ ~. ewe il=> 11\iT stations $ Water Level ~ Discharge, 

WIMS ~~Q1L{l'ITTTTQ~ I mzreft"~~*IBldrtTIT;itt~~~~cf5TGauge 
& Discharge i:zcr cross-section data ~ cfiTR cf5T .Jf:FTtJ fcP<TT rr:rr % I 

~ tfqt.f i:r rrg ~%ftp-~~ * IBld rfTff ;itt "Qcf ~ ~ ~ t:R LG BO $ 
J.fdTTcf ~ "Bl-IT Gauge & Discharge stations qi!"~ Wffi cITT: ~ qi!" uff ~ $" I ~ "Bl-IT sites 

~ ~ Jijcp~ WIMS Portal t:R ~f ltRJ ~~~download fclTT:rr uff ~ 6 ! 

.JI a I tldl i GI, tfc-'IT, 

~'mW: 0512-2541087 /2541065 

~ : 0612-2541865/2541087 
e-mail: celgbo-cwc@nic.!n 

Adalatganj, Patna - 800001 
Telephone: 0612-2541087 /2.541065 

FAX:0612-2541865/2541087 
e-mail: celgbo-cwc@nic.in 
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4-6 
Sites under L 1GBC) in Uttar Prades}! 

I s. I ' h B ' I I "iite '«:-ml· RfVER .\ET\:I.ORJ~ · .,u - a:-.m: [HSTRfCT ! STATE 
! :\o i ! 

l Chhitaunighat Ganga/Gandak Gandak Kush Hagar Utt2r Pradesh 

2 Ahrorn Ganga/Jirgo Jargo :VErZ:tpur Uttar Pradesh 

3 Akbarpur Ganga/Chhoti Sar:i u Chhoti Sarju Amc;;dkar Na,,M 
" 

Uttar Pradesh 

4 Ashatpur i Ganga/Chhoti Sarj u/]Vfaghai Chhoti Sarju · Ghazipur Uttar Prndesh 

5 Azamgarl1 Ganga/Chhoti Satju Chh0ti Sarju /\zamgarh Uttar Pradesh 

6 Mau Ganga/Chhoti Saryu Chh.)ti Sarju Mau Utt.ar Pradesh 

7 Chakghat Ganga/Tons Tons Al.ahabad Uttar Pradesh 

8 Chopan Ganga!Sone Sone So:i.hadra : Utt,:r Pradesh 

9 C:rnnar Ganga Ganga l'viirz:3.our Uttar Pradesh 

10 Devb[i Ganga/Ga.mgi Gaangi Gha;,.ipur L'ttar Pradesh 

l I Duddh:i Gang,JSone,Xanhar Sone Sonbhadra Uttar Pradesh 

12 Ja[alpur Ganga/Gomti/Sat Gomti Jaunrur Una:- Pradesh 
13 Kasmabacl Ganga!Chhoti S,tryu Chhoti Sarj u Ghazipur Urtar Pradesh 
14 Kohdarghat (Tones Aquaduct) Gangaffons Tons Allah:ibad Uttar Pradesh 
ts L~dgar:i Ganga/Tous/Be!an Tons r,,fazapur Uttar Pradesh 
16 Maighat Ganga/Gomti Gomti hunpur Uttar Prn;:ksh 
17 Mejarnad Ganga/Tom Tons All:l.k=ibad Uttar Pradesh 
18 Narahan Gan ga/D urg2 \vatJKarnn: na,;a Durgawati Chandau[i Utti:1~ Pradesh 

19 Narayanpur Ganga Ganga \.firzapur Uttar Pradesh 
20 Negai Ganga/Sone Sone Sonebhadra Uttar Pradesh 
21 Niwari Ganga/Sone Sone Socebhadra Uttar Pradesh ·, 

22 Prntapgarh Ganga/Gomti/Sai Gomti Prarnrgarh Uttar Pradesh 
')~ 
_.) Saidpur Ganga Ganga Saidpur ·:.sttar Pradcsb 
24 Shahzadpur Ganga Ganga Kausha1nbi "Jttar Pradesh 
r _) Sitamarhi Ganga Ganga S,mt Ravidas Nagar Uttar Prndesh 
26 Su!tanpur Ganga/Gomti Gomti SJltanpur Utl:a~ Pra:lesh 
27 Tendui Ganga/Varun Varun Vannasi Utta:: Pradesh 
28 Khadda Ganga/Gandak Gandak Kush: Nagar Uttar Pradesh 
29 Rihand Dam GangaiSone/Rihancl Sone Sonbhadra Uttar Pradesh 
30 Allahabad Ganga Ganga Allahabad Uttar Pradesh 
31 Ba;lia Ganga Ganga Ba!lia Uttar Pradesh 
32 Gazipu~ Ganga Ganga Gazipur Cttar Pradesh 
33 Jaunpur Ganga/Gomti Gomti Jaunpur Cttar Pradesh 
34 Mirzapur Ganga Ganga Mirzapur Uttar Pradesh 
35 Phapha,nau. Ganga Ganga AHah2bad Uttar Pradesh 
36 Varanasi Ganga Ganga Vcran;;.si Uttar Pradesh 
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Progress Report 

FLOOD PLAIN ZONE DELINEATION 

FROM UNNAO TO BALIA 
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~: ~' ~::~~t~ ::::: 

Inundation [2009 to 2021] 

JRC [1984-20211 
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National Institute of Hydrology 

Jal Vigyan Bhawan, Roorkee (Uttarakhand) - 247667 
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1 INTRODUCTION 

Floods constitute one of the major national cal3mijies faced by India almost every yea~ 

resulting in substantial loss of life, large scale damage to property, disruption of 

community lifelines besides entailing untoic r··1isery to the millions. Concerted efforts 

have been 11ade over the years to red:Jce the damage due to floods and mitigate the 

sufferings of the people. Various structural fbod control measures were taken up in the 

past includi19 construction of reservoirs, embankments, drainage channels, etc:. It is, 

however, now realised that absolute and permaneht protection to all flood prone areas 

and for all magnitudes of floods by structu-al measiures alone is not only impossible but 

also not economically viable. The eriphasis has tperefore been rightiv shifted to non­

structural measures like Flood Plain Zoning an::l R~gulation, Flood Forecasting, etc., l:::i 

effectively supplement the structural rneasure; for providing sustainable protection to 

flood affected areas. The broad :oncept in floo,:f pltdn zoning is to regulate the land use 

in order to mitigate the damage potentiaf The rol~i of flood plains and need for flood 

plain zoning was recognized b'f the Central 'Na'(f'.!r Commission (CWC) as early as 

1975. CWC had prepared a MJdel F!oodplai1 Zoning Bil! for adaptation by states but it 

did not receive due attention of states. 

In pursuance tc the directions cont3i11ed in tr e judgment passed by Hon'ble NGT a 

Report on identification and demarc3:tion of the flood plains of river Ganga in seqment 

B of Phase- ! (Haridwar to Unnao) was prepared !Dy C\/VC in 2019. Subsequently, the 

Irrigation and Water Resources :::>epartment, Govt. of UP has approached NIH Roorkee 

to carry out the study "Flood plain zone de ineation from Unnao to Balia" as per d;rection 

given by Hoo'tle NGT. This study was originally e.mvisaged with similar methodologies 

as used by ~WC in the eal'lier study for the Ganga River in the stretch of Haridwar to 

Unnao. However, as per direction ,;iiven by Horfble NGT it was decided to first 

demarcate the flood plain corresponding to once in hundred years return period (REGO. 

NO. D. l.-33004/99; 2016). 

2 OBJECTIVES AND SCOPE OF \!\/ORK 

The following tasks are to be c:mied out b'./ NIH, Rporkee 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 
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analysis 

b) Flood Plain Demarcation based on Satellite Data/Images. 

c) 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. 

Figure 1: Index Map of the Study Area 

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. 

2 

158



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

Table 1: Summary of data avail2bility 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 Chhal:ang 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 !oca-:ions are provided to NIH. Furthec, 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 mappingi and other planning 

purposes was also made available. As per sur1ey of India the DEM is of 0.5 m vertical 

accuracy and having 1 m X 1 m grid size. E:cent of DEM and location 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 

SOI. These DEM doesn't capture topography under water as shown in Figure 4 and 

ANNEXURE-1. Hence these surveyed river cross-sections are also important for 

hydraulic modelling for proper representation of conveyance (discharge capacity of 

river). 

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 Water 

Commission (CWC) in the study for river Ganga from Haridwar to Unnao (Phase-·!). 

Thrne Types of Approaches wi!I be used for flo,:id 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 various frequency distributions to estimate floods of various return 

periods up to 100-year return period . 

.. I Satellite base approa 1~h 

The Joint Research Centre-European Commission has analyzed Landsat multispectral 

satelliite images of the past 3 7 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 oi' recent 

years as per availability (RSAC-UP/ NRSC) will be analyzed with reference to return 

period floods. 

4.? Hydraulic odei approach 

HEC-RAS, a hydraulic model developed by the USACE, is extensively applied in 

calculating the hydraulic characteristics of rivets. HEC-RAS model needs details of river 

cross sections (for 1-0 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 usinfr 

• Upstream branch to provide constant flood magnitude equal to 1J1e given return 

period at upstream boundary (Unnao ). 

" Downstream boundary as normal depth at downstream of Balia . 

., Flood plain bathyrnetry (DEM), River cross-section for routing the flows between 

Unnao and Balia. 

" Different locations (G&D sites) flow is added to match the estimated flood of 
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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 

;,_:: :--rresponding to discharge) 

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 obseNed 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 Zdist_ 

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 vari~ius return periods 

Relturn Discharqe lcumec) 
Period Kanpur Bhitaura Chhatnag_Allahabad Mirzapur Varanasi Buxar 
(Ye,ar) 

2 5595.2 5216.7 25926.·l 26291.2 27659.0 2G364.9 
5 8174.7 8434.2 39098.5 36907.2 36697.2 3:rnJ1.s 

10 10112.4 11002.0 47163.7 43956.8 40944.0 38445.5 
20 12243.3 13850.9 54475.S 51061.8 44047.5 42693.6 
25 12991.0 14838.0 56708:1 53411.7 44864.2 44021:1 
50 15539.3 18192.9 : 63405.9 60986.7 47042.0 4H163.0 

'100 18492.7 22010.2 69824.7 69086.9 4870:1'..1 s:?278.4 
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5.2 Flood Plain Demarcation based on Satellite Oata/!maqes 

The Joint Research Centre- European Commission have analyzed Landsat 

multi spectral 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. 

Figure 7: Maximum flood inundation extent map (JRC, 1984-2021) 
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Figure 8: Overlay of maximum flood inundation extent of JRC and NRSC 

5.:3 Flood Plain Demarcation based on ~ydrau!ic modelling 

In the previous study by ewe (2019), SRTM DENi (90 m) was used \vi:h correction of 

river prcfile below the water surface based on a~ailab!e cross-sections. Similarly in 

this study also the LiDAR DEM (SOI) i3 used. Abdut 44 surveyed rive1· cross-sections 

are being used for HEC-RAS model setup. The 1--D HEC-RAS model with extended 

river :ro3s-section has been prepared. The model is being cali:Jrated for past flood o" 

2010, 2013, 2016, 2019, 2022 etG. 

Comparisons of longitudinal sh1ulated water surf~ce profile fo,- 100-year return period 

floGd and 2010 flood event are shown in Figure 9. The inundation extent for 100-year 

return period flood is shown in Figure 10. The discjlarge at Kanpur and Bhitaura in they 

year 2010 is maximum and near to 100 year n:Jturni period. 

The H EC-RAS model is still requires some recalibration based on recently obtained 

flood inundation extents from satellite cata. Furthe~, if the 1 m contour data from SOI is 

available, model will be updated with it. 
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Le11end 

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

100 Year return period flood 

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 am given below. As mentioned at section Ei.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 Irrigation and \Nater Resources 

Department, Govt. of UP. Moreover, attempts ,re being m3de 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 

thrs, 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 

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 int&rval will also be provided, so 

that it can be marked on the ground when requ;red. 

SN 

2'. 

3, 

4 

6 
7 

Task/ Component 

Inception Report 
Data collection and Processing 

Flood frequency analysis 
Flood plain zoning based on the JRC Sctellite images of 
past 37 ears 1984-2021 
Flood Plain Demarcation based on Sate lite Oatanmages 
HEC RAS model setup (Calibration/valication) 
Finalization of hydraulic model results 

8 Submission of interim findings discussio1, ground 
truthing/ result verification 

9 Demarcation of flood plain based on hytrid approach 
'IO Submission of draft Report 
·11 Submission of final Report 

Month 
,-A~u-g-· !:,ep (~ 

Corn leted 
Under· progress 

(1m contour data from 
SO! is under rogress}J 

Com leted 

Completed 

*Final report will be submitted after incorporating the comments received from the 
sponsoring agency. 
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,1\NNEXURE--1 

Comparison of River cross-section river Surveyed vs UDAR DEM (SOI) 

!2-i. ,-----------------
-;._,.n,.~ -t.;D.:..R 

¾({I •·:oo 

1.20 ------·-----------

w ,·, I {'II . 'L 
\C,t c, \ 

1.;2 \ 

1:0 

02 
oq ___________________ .....J 

:):i '-------------------! 

·2;; -----------------

"'------------------- '-''-------------------' 
,;:,c l•)OJ 1500 J'X(j 25•X: lC{X! \$GO ~C{Kl l:iO'.) 

Ot-1o\e<1co{11t) 

lE), ~ ------------------

;oC------------------

15 

171



:;cc $1'.:I) l·JOC f1C., :J(;O 1,:,.:io 13\X) 

o,"-\~'1CO{ml 

¾,---------------------~ 

r 
IKO 

':51 

"" D,'$\,mr.crfu•) "" 1:;00 

~,----------_-,-li;-~.-,----_-,-~r•-,.-,---L,-~-,~ 

'° I 

:-0 >-----------------------< 
"'' Oi,tUr,e~{,nJ 

1(-0J 12,00 

:1~1 ,, 
:.;i 

7';s 

l:,1 

,o ~-----------------------. 
1400 

16 

,.,,__ ___________________ _, 

"' 

"' 
55 

,~ I 
,a 

~5 ! 
\ 

~ :\ 
,, 

;s 

;s 

" 

,co 

·"---.::::-,, 

;;co 
o, .. t411ce(mi 

:IV''.i tCCO 

172



' ' 
Progress report on Flood Plain Zone, de~ine~tion and demarcation of river 

Ganga (Segment B, Phase 11) from Unnab to Ballia till August, 2024 

L As ::ier the direction of Hon'ble NGT, the DEN'l data of lm cor.tour interval from SOI 

has been provided to NIH o:i 4ugust 08, 2021-, the total volume of d2ta received bv 

NIH is 835 GB which are in lXl km tile. Tq use this data Fer HEC-RAS model!ing, 

merging -::>fall these tiles are ,equired_ As theicomplete data ,et are in large number 

of tiles, merging is taking huge time, Theref1,re, processing of lm contour interval 

data is under progress_ 

2. The flood frequency analysis of available Six Gauge sites discharge data has bee, 

completed and 100-year return period flood ~as been computed. 

3. Flood plain zoning based on the JRC Satellit1 images of past 37 years (1984-2021) 

has been completed (because ::,nly 37 years s~teHite data is available). 

4. Under the satellite-based approach metho~, flood plain demarcation based o ': 

satellite data/images received from NRSC, ~lyderabad {from 2017 to 2023) and 

inu7dation data received from RSAC-UP,, Ludknow (from 20C9 to 2016) have been 

completed_ 

5. Under Hydraulic Model, HEC R.6.S method, ;or delineation of FPZ, the river cross 

sections data provided to NIH have been utilif':!d for 1-D modell'ng. After processin~ 

of SOI lm DEM the same will be incorporated in the HEC RAS ncdel for FPZ. 
I 

Head, ~,urface 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-I). 

Three Types of Approaches will be used for flood plain zoning viz. 

a. Satellite 

b. Hydraulic Model - HEC RAS 

c. Hybrid 

First, the fiood 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. 

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 1-0 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). 

" Downstream boundary as normal depth at downstream of Balia. 

" Flood plain bathymetry (DEM), River cross-section for routing the flows between 

Unnao and Balia. 

• Different locations (G&D sites) flow is added to match the estimated flood of 
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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 fuH flood event and model results are subjected to DEM qua!tt\r. 

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 An21iysis 

The annual maximum discharge series of available six G&D sites are shown in Figure 

5. The G&D site wise observed annual maximJm 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 (Hoskin~] 

and Wallis, 1997; Kumar and Chatterjee, 20C5). Twelve frequency distributions viz. 

extreme value (EV1 ), general extreme value (GEV), logistic (LOS),, generalized 

logIistic (GLO), normal (NOR), generalized pareto (GPA), generalized normal ((,NO), 

uniform (UNF), exponential (EXP), pearson Type-rn (PT3), kappa (KAP) and wakeby 

(WAK) have been used to identify robust distribution based on the L--mornent ratio 

diagrams and the zfist-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 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 44021.1 
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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