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BEFORE THE NATIONAL GREEN TRIBUNAL PRINCIPAL BENCH, 

NEW DELHI 

ORIGINAL APPLICATION NO. 641/2023 

IN THE MATTER OF: 

Suman Chauhan & Ors 

Vs. 

... Applicant( s) 

State of Uttar Pradesh & Ors. . .. Respondent( s) 

REPLY TO THE APPLICATION ON BEHALF OF RESPONDENT NO. 8 

DEDICATED FREIGHT CORRIDOR CORPORATION OF INDIA 

LIMITED. 

1. That Respondent No. 8 is a wholly owned Public Sector 

Enterprise under the Ministry of Railways, Government of India 

with the responsibility to undertake, planning, development, and 

mobilization of financial resources and construction, 

maintenance and operation of the Dedicated Freight Corridors. 

Shri Y.P. Sharma, Dy. Chief Manager, DFCCIL Noida Unit of 

Respondent No. 8 is duly authorised to file the present 

reply /response, swear affidavits, lead evidence and sign 

Vakalatnama on behalf of Respondent No. 8. A copy of the 

authority letter dated 14.03.2024 is annexed herewith as 

Annexure R8-1. 

2. That Respondent No. 8 constructed a railway line namely 

Western Dedicated Freight Corridor ('Western DFC'). The 

Western DFC will connect Dadri in Uttar Pradesh with Jawaharlal 

Nehru Port in Navi Mumbai, Raigad District, Maharashtra. The 

main purpose for constructing the Western DFC is to transport 

freight at higher speeds with increased load-carrying capacity. 
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3. That during the construction of Western DFC, Respondent No. 8 

proposed to construct a bridge for crossing the river Yamuna in 

District Gautam Budh Nagar before the 84th meeting of the 

Yamuna Standing Committee which was held on 15.05.2014. The 

said proposal has been accepted by the committee with the 

majority. The relevant portion of the minutes of the meeting are 

reproduced here for the sake of clarity: -

"Item No. 84.2. 7 "No Objection Certificate" for crossing river 
Yamuna in District G.B Nagar by Railway's Western Dedicated 
Freight Corridor Railway Line 

Dy. Chief Project Manager, DFCCIL, made a presentation on the 
salient design features of the proposed bridge across Yamuna on 
Dadri-Mumbai Dedicated Freight Corridor Railway Line 
approximately at a distance of 16 km d/s of existing Kalindi Kunj 
Barrage. It was informed that as per the Hydraulic studies report 
of M/s RITES & IR/, Roorkee, the proposed piers are likely to create 
an a/flux of 0.3 m at bridge side and which will subside within 2 km 
upstream reaches of the bridge. As per the proposal, total water 
way provided is 529.65m. the other members of the committee 
agreed to the proposal. The committee cleared the proposal 
from flood angle subject to other mandatory clearances by 
statutory authorities like National Board for Wildlife etc." 

True Copy of the summary recorded in the 84th meeting is 

annexed herewith as Annexure R8-2. 

4. That therefore the bridge was constructed by Respondent No. 8 

after getting all statutory clearances. Thus, the said bridge is not 

responsible for any flood as alleged by the Applicants in his 

application. It is specifically denied that the smaller width of the 

bridge has created a obstruction in the natural flow of the river 

and a rise in the water level upstream of the bridge, resulting in a 

spill of water into the Applicant's villages as alleged or at all. On 

the contrary, the said bridge has been built by Respondent No. 8 
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based on a Hydraulic studies report issued by M/s RITES & IRI, 

Roorkee which includes the flood angle. The said report has been 

considered by all the statutory authorities and thereafter 

approved the same. A true copy of the Hydraulic studies report is 

annexed herewith as Annexure R8-3. 

5. That it is submitted that the bridge constructed by the 

Respondent is not responsible for spilling the water into the 

Applicant's villages. All the allegations raised in this regard by the 

Applicant are wrong and denied. The said bridge was built by 

Respondent No. 8 after following all the statutory norms. 

Therefore, the Applicants are not entitled to get any relief from 

this Hon'ble Court against Respondent No. 8. The claims of the 

Applicant qua the Respondent No. 8 may be dismissed. 

Place- New Delhi 
Date-2J,.0'1.2024 

Through 

Aureus La~;r~~~ \ 
103, South Park Apartments, 

Kalkaji, Opposite Kl Block, Chittaranjan Park, 
New Delhi-110019 

Satyender.chahar@aureuslaw.com 
+91-9868427509 
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BEFORE THE NATIONAL GREEN TRIBUNAL PRINCIPAL BENCH, 

NEW DELHI 

ORIGINAL APPLICATION NO. 641/2023 

IN THE MATTER OF: 

Suman Chauhan & Ors 

Vs. 

State of Uttar Pradesh & Ors. 

... Applicant( s) 

145, Noida-201310 do hereby solemnly state and affirm as under: 

1. That I am authorized representative of Respondent No. 8 and 

well conversant with the facts and circumstances of the case to 

swear and depose the present affidavit. 

2. That I have gone through the contents of the accompanying 

reply /response to the application and the same are true and 

¢. 't,/ correct to my knowledge based upon the official r~eords. 
1a"" ~l'o 

e e.,.cc~ese(\ce _.:--
'<'\).{\ed ~~ -;<S1 ?t .· _ DEPONENT 

\ '~:s\9"~~' VERIFICATION: 2 2 APR 2024 "$ Verified at Delhi on this _ day of February 2024 that the 
contents of the present affidavit are true and correct to my knowledge. 
No part of it is false and nothing material has been conce~ 

DEPONENT 
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~a Xe:~~ 3fr'fi ~ fuo ~ <iRG 
"' 

'llffif m:q:;-~ ~ ~ CfiT ~ 

Dedicated Freight Corridor Corporation of India Ltd. (Noida Unit) 
A Govt. of India (Ministry of Railways) Enterprise 

Noida Unit, DFCCIL Complex, (Near Sector-145 Metro Station) 
Sector-145, Noida-201306 PH:0120-3680888 i}n 

5 
-lfjt 11,ep<v w-€_. 

No. DFCC/Noida Unit/NGT Case/OA No. 64112023 Date:14.03.2024 

TO WHOM IT MAY CONCERN 

This is to certify that, Shri Y.P. Sharma (presently working as Deputy Chief Project 

Manager!Engg. in DFCCIL!Noida Unit) is authorized to sign all the documents pertaining to NGT 

Case/ OA No. 641/2023 (Suman Chauhan and Others Vs State ofU.P. and Others) pending before 

Delhi Bench on behalf of Respondent no. 8 Dedicated Freight Corridor Corporation of India 

Limited. .%\~. 
(Rakesh Kumar Gupta) 

Chief General Manager 
DFCCIL/Noida Unit 

c;;p;;;t;~fti~;;"5ti.f:'\~;;~?~;g~t'i'M~ict;~~,M~t~;s(.;tiC:~c;;;;;:N~i:11ooo'i:f~~LJ-23454700, Fax: 011-23454701 
Registered Office: Room No. lOlA Rail Bhawan, Raisina Road New Delhi-110001, Web: dfccil.com 

Corporate Identity Number: U60232DL2006GOI155068 
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t/f/9- . 
Annex~I 

List of participants present in 84th meeting of Yamuna Standing Committee held on 
15th May , 2014 at 1430 hrs in the Committee Room No. 307(5),Sewa Bhawan, 
R.K.Puram, New Delhi-110066. 
S. No. Name & Designation 

1. Shri. K. N. Keshri In Chair 
Member (RM), ONC 

2. Shri. Kunal Kulshretha Member 
Chief Engineer, Irrigation Department; Govt. of UP 

3. Shri. R. C. Singhal Representing Chief Engineer, YWS (South), 
Superintending Engineer ,Government of Haryana Government of Haryana 

Member 
4. Shri. V. K. Jain Member 

C~ief Engineer, Irrigation and Flood Control 
Government of Delhi 

5. Shri. Arun Kumar Sinha Member 
Member, Planning, GFCC, Patna 

6. Shri. B.N. V. Satyanarayna Representing Director, Hydrology(N) Dte, 
Assistant Director-II, Hydrology(N) D~e, CWC C>NC 

Member 
7. Shri. V. D. Roy Member-Secretary 

Director (FM-I), ONC 
Special Invitee 

8. Shri. C. P. Singh 
Chief Engineer, FM Organization ,ewe 

Others 

9. Shri. K. Sambhamurti 
Chief Engineer-I 
Irrigation and Flood Control ,Govt. of Delhi 

10. Shri. R.G. Patil 
Chief Research Officer, CWPRS, Pune 

11. Shri. Oevinder Kumar 
Dy. Chief Engineer ,DfCCIL 

12. Shri. Ashok Sharma 
ACP/L&B, Delhi Police 

13. Dr. Premchand 
Commandant, 103 BN RAF, CRPF 

14. Shri Shishir Bansal 
Proiect Manaoer F12 , PWD Govt. of Deihl 

15. Shri A.S Jangu 
CGM/E1PS-2. DMRC 

16, Shri P. C. Channa 
Executive Enaineer, F12 PWD, Govt of Delhi 

17. Shri. Satish Chandra 
Deouty Director FM-I Dte, ONC 

18. Shri Avanti 
Assistant Director, FM-I Dte I ewe 

, .... _ . ~ . . .. . . . ··- . ..... .. .. ..... ·- ,. . ... - ...... ..... .... . ........ .... . 
·-··-· -·· . . . -· ... ···-· ... -·-
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SUMMARY RECORD OF DISCUSSIONS OF 84th MEEnNG Of YAMUNA STANDING COMMITTEE 
HELD ON 15.05.2014 IN NEW DELHI. 

The s4t11 meeting of Yamuna Standing Committee (YSC) was held in the Committee Room No.307 
(S), Sewa Bhawan, R.K.Puram, New Delhi on 15111 May 2014 under the Chairmanship of the Member (RM), 
CWC & Chairman, YSC. The list of participants is given at Annex-I. 

After a brief introduction, the Chairman, YSC welcomed all the members present and requested the 
Memb~r-Secretary to take up the agenda items. 
Item No.84.1.0. Confirmation of Summary Record of Discussions of 83rd meeting of Yamuna 

Standing Committee. 
The summary record of discussions of a3rc1 meeting of Yamuna Standing Committee (YSC) held on 

27.09..2013 were circulated vide ONC letter No. 16/1/YC/2012/FM-I/533-549 dated 04.10.2013. No 
comments have been received from any member of the Committee. The Committee, therefore, noted the 
Sumrrary Record of discussions of 83tt1 meeting, as confirmed. 

Item no. 84.2.1 Granting clearance to DTC for development of ~ bus parking complex at IP 
Ash Pond opposite Millennium Park. 

The proposal of OTC for development of a bus parking complex at IP Ash pond, opposite 
.'1illeranium Park on the Right bank of river Yamuna between Nizamuddin Rail Bridge and Road Bridge was 
furthe- discussed in the meeting. The representative from OTC did not attend the meeting. It was learnt 
from the media report that Hon'ble High Court, Delhi has given direction to OTC and DDA to relocate the 
BUS depot at some other alternative place. The committee felt that thls item may be dropped for further 
consicleration. 

(Action: Member Secretary, YSC) 
Item No.84.2.2 Proposed construction I extension of Receiving Sub Station (RSS) / {ESS) 

at Kashmiri Gate for line -6 extension under Phase -III of Delhi MRTS Projects. 

The representative from Delhi Metro Rail Corporation Ltd. (DMRC) presented three options of 
layou:s of the proposed Sub-Station. In all the three options of layout, the boundary wall was proposed very 
close to flood embankment of I&FC Oepartme~t, NCT of Delhi.The representative of l&FC, NCT of Delhi, 
apprised the committee that 18 meters of space between boundary wall of campus and embankment is 
desirable for plac!ng flood fighting equipment and material for use during flood. After hearing both the sides, 
Chairman of the committee directed DMRC to replan the sub station in such a way that the requirement of 
I&FC is fulfilled to the extent possible and got it vetted by CEA. Keeping In view the urgency of the work of 
DMRC, it was decided to resolve the issue by a sub committee headed by Chief Engineer (FMO), ewe 

( involving representative from DMRC, I &FC NCT of Delhi, Embankment Directorate of ewe as soon as DMRC 
'· comEs up with alternative plan duly vetted by CEA. 

(Action: DMRC, 1&FC NCT of Delhi, ewe) 
Itern No. 84.2.3 Extension of Barapullah Elevated Road (Phase-III) across river Yamuna from 

Sarai Kale Khan to Mayur Vihar-New Corridor between Nizamuddin Bridge and 
DND Flyway. 

The representative from the PWD, Govt. of Delhi Informed that the report of the hydraulic model study 
carried out by CWPRS, Pune has been completed. He presented the outcome of the study. These indicate 
ma><imum affiux of 15 cm and slight change in orientation of piers to ensure streamline flow under the 
bridge with least affiux and no attack on the river banks.The other members of the committee were agreed 
to the proposal. The committee cleared the proposal from flood angle subject to compliance to suggestions 
of the CWPRS regarding modifications in the orientation of piers as mentioned in its report. 

(Action: PWD, NCT of Delhi) 

Item No. 84.2.4 Construction of retaining wall on the right bank of River Yamuna between 
Boat Club and Qudesia Ghat to protect heavy inhabitation area of Tibetan 
Market 

The representative of I&FC Department, NCT of Delhi made a presentation on the proposal for 
construction of 1100 m of RCC retaining wall on the right bank of River Yamuna between Boat Club and 

······~ ...... M~ •• - ••••••• , .... _ 

188



Qudesia Ghat to protect heavy inhabitation area of Tibetan Market. The representative of UP informed the 
commitiee, that an expert committee set up by Ministry of Environment and Forest under the direction of 
National Green Tribunal (NGi) has categorically recommended that no such river/flood control structure in 
the pro posed reach should be allowed. After detailed discussions, it was decided that the effect of afflux due 
to the proposed wall in the upstream reaches may be studied and proposal may be resubmitted for the 
consideration in the next meeting of YSC. 

(Action: I&FC, NCT of Delhi) 

Item No. 84.2.5 Fresh N.O.C./Clearance ofYSC regarding Project i.e. Construction of Permanent 
Headquarter of 103 Bn of RAF at Wazirabad 

·The ·vsc·in ··its· 68th ·meeting. held _on 16.03.2005 has accorded NOC for the construction of the 
permanent Headquarter of the 103 Battalion at Wazirabad. 

As per direction of DOA given to RAF vlde letter dated 16.01.2014, the Commandant of 103 Bn RAF 
requested YSC to issue fresh NOC for the above proposal .During the meeting, a presentation was made by 
the representative of RAF highlighting the need for construction of permanent structures for RAF personnel 
and otber developmental activities already taken place in the vicinity of the area with a request to issue fresh 
NOC. After discussions at length, it was decided that DOA may be asked to furnish the copies of the latest 
Master Plan 2021 indicating the classificatlon of various zones and activities permitted in each of these 

( nes. It may also be clarified by DOA whether this proposal for construction of permanent Headquarter of 
103 Battalion RAF is allowed as per latest Master Plan of DDA. 

(Action: Member Secretary, YSC) 

Item No. 84.2.6 Delhi Police Building Programme -Construction of semi permanent Barrack 
for CPO's accommodation in area· I and Police Trainees in area-II at Wazirabad, 
Delhi. 

The representative of Delhi Police made a presentation on construction of semi permanent 
Barrack for CPO's accommodation in area-I and Police Trainees in area-II at Wazirabad, Delhi wherein he 
highlighted the need for construction as per this proposal .He also stated that he was advised by DDA to get 
clearance of YSC in the light of Master Plan of Deihl 2021 coming into effect In 2007. The committee 
observed that the proposed location is between two embankments surrounded by densely populated village 
Sonia Vihar. However, the land between these two embankments has been earmarked as Zone "O" by DDA 
in its Master Plan for Delhi 2021. · 

After detailed discussion, it was decided that following documents would be made available by Delhi 
Police to Member Secretary, YSC: 

1. A copy of letter from ODA allotting said land to Delhi Police. 
2. A copy of letter from MHA, Government of India wherein it has been desired to get clearance/NOC 

·om YSC. 
After getting these documents, the proposal would be considered in the next meeting of YSC. 

(Action: Delhi Police) . ,,.,, 

Item No. 84.2.7 "No Objection Certificate" for crossing river Yamuna in District G. B Nagar . / 
· ·by Railway's Western Dedicated Freight Corridor Railway Line. / 

Dy. Chief Project Manager, DFCCIL, made a presentation on the salient design features of the 
proposed bridge across Yamuna on Dadri-Mumbai Dedicated Freight Corridor Railway Line approximately at 
a distance of 16 km d/s of existing Kalindi Kunj Barrage. It was Informed that as per the Hydraulic studies 
report of M/s RITES & !RI, Roorkee, the proposed piers are likely to create an afflux of 0.3 m at bridge site 
and which will subside within 2 km upstream reaches of the bridge. As per the proposal, total water ways· 
provided is 529.65 m. The other members of the committee agreed to the proposal. The comjTiittee c]eared 
thP i:-'"oposal f~om flo,...d angle subiP.ct to other mandatory clearances by statutory aumorlues like National 
Board for Wildhre etc. 

The meeting ended with a vote of thanks to the Chair. 

A 

........ ··-·. - .. --·- .. ·- . - - ....... . ... . -- . -- ·-
• ·•-•H ....... Oooo 

---------~---------- .. --·· . ........ .. . .... - -
--------·-------------~·-----
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1.1 

! 1.1 

1. 1.2 

1.1 .3 

~e<:tion I 

Section - I 

introduction 

BACKGROUND 

Ministry of Railways have planned to construct Dedicated Freight 
Corridors (DFC) covering 2762 route kms. Initially, Eastern Corridor 
from Ludhiana in Punjab tc Sone · Nagar in Bihar and Western 
Corridor from Jawahar Lal Nehru Port. Mumbai (Maharashtra) to 
Tughlaknbad/Dadri (Delhi I UHar Pradesh) have been proposed. 
Upgradation of transportation technology, increase in productivity 
and reduction in transportation c.ost are the main objectives of the 
project. Once eorninissioned, travel time and the cost of freight 
operation shall be substantially reduced. The Western Corridor will 
start frow the Jawaharlal Nehru Port connecting Baroda, 
Ahmedabad & Palanpur in Gujarat, Jaipur in Rajasthan and Rewari 
in Haryana to Tughlakabad/Dadri (Delhi I Uttar Pradesh). The 
Eastern Corridor will start from Ludhiana to Sone Nagar via Ambala, 
Saharanpur, Khurja and Allahabad. Both the corridors woulc:J be 
joined by a link between Dadri and Khurja. The "Dedicated Freight 
Corridor Corporation of India Limited (DFCCIL)" a special purpose 
vehicle of Government of India is formed to undertake planning & 
development, mobilization of financial resources and construction, 
maintenance and operation of these Dedicated Freight Corridors. 

For most of the length, both the corridors i.e. Eastern and Western 
have been proposed along the existing railway corridors. However. 
in certain stretches, detour has been inevitable. There are number of 
river crossings proposed on eastern and western corridors, out of 
these five important crossings have been identified for detailed 
hydraulic studies where bridges have been proposed on detoured 
route being far away· from existing railway bridges. The locations of · 
these bridges are on the following rivers: 

(I) Tapi near Surat. 
(I I) River Narmada near Bharuch, 
(Ill) River Sabarmati near Ahmedabad; 
(IV) River Yamuna near Tughlakabad 
(V) River Yamuna near Allahabad. 

DFCCIL had awaided the work of hydraulis; model studies for above 
mentioned five important river bridges to RIJES Jn Jan 2008 under 
contract agreement No. HO/EN/Bridges/Model studies dated 31 
March 2008. 

Present report discusses the approach & methodology adopted, field 
survey, hydraulic ana!ysls/studies .'to finalize the hydraufic model' 
studies. Accord:ngly. the results of the studies conducted have been 
presented and discussed in the report for proposed bridge on River 
\r'arnuna near Tughlak8bad. fv1odel studies have been carried out at 

• • • •• 
• • • • • 
• 
• • • • • 
• • • • • • • • • 
• 
• •• • • • • • 
• • • • • 
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1.2 

1.2.1 

1.2.1.2 

1.2.1.3 

1.2.1.4 

1.2.1.5 

' 
1.2.1.6 

1.2.1.7 

1.2. 1.8 

lRI Roorkee based on which configuration of bridge and rivGr 
· training/protection works have been decided.· 

SCOPE OF WORK 

The scope of work for this study as pe~ the contract agreement ,was 
as under: 

Hydrographic & Topographic Survey, Analysis and 
Development of Data for Mode! Studies 

To procure the Satellite Imageries of the river reaches in the. vicinity 
of oroposed bridges on 1 :50,000 scale to assess the present 
configuration of tlie rivers . 

To carryout Topographic and Hydrographic Survey of Yamuna river 
near Tughlakabad up to 12 km upstre_am of Bri~ge .qentre llne (BCL) 
and 5 km downstrearA ofBCL to develop the latest river courses with 
details of latest position of channels/dykes and bther permanent 
features in the river over identified stretches for model studies. The 
extents tiam the proposed location of Bridge centre line are given 
below as required by Irrigation Research Institute (IRI), Roorkee. 
Modification· in the proposed extent shall be decided during survey 
work as per site conditions in consultation with IRI, rioorkee. 

To obtain River Cross sections i.e. levels of river bed between high 
banks or dykes including sounding in '«ater channels for river reach 
as mentioned above. The cross sections shall be af 200 m interval . 
within the river reach of 3 Km. uµstream to 2 KrTi. downstrearn of 
BCL and 400 m in the remaini"ng river reach of relevance. In case of 
sharp meander of river: X-sections at closer interval may be required 
which shall be decided and taken during survey work. The levels 
shall be connected to the Bench Mark established near the bridge 
site for the project. to be provided by DFCCIL. 

To establish 6 Water gauges in the river stretch under survey 
keeping 3 gauges on each bank i.e. Two on BCL, 2 on upstream and 
2 on downstream and recording gauge readings two times daily 
during the river survey period only in order to determine the water 
slope~. 

To develop Topographic plans and river Cross-sections on suitable 
scale for , laying the Hydraulic Model for testing by Hydraulic · 
Research Institute. 

Correlation of available historic hydfotogical/hydrau!ic data with 
additional data pertaining t~ the concerned rea<;h of r\ver to study 
the river behaviour . 

Consultation with the' Inland Water11ays Authority for Navigntronal 
Cfeatances, if any . 

To analyze the historic l1ydrofogical/hyclraulic cat'?\ 21nd to finalize the 
hydraulic design parame1ers such as Design Disch8rge. Desi~:m 
HFULV\/L. and waterv•ay for the purpose of ;nu!e! studie~; ~ 
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1.2.2.3 

1.2.3 

1.2.3.1 

·1.2.3.2 

1.2.3.3 

'1.3 

1.3.1 
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'.::eclion I 

To study ::ir~d determine tentative bridge !ength. span configurations 
along ,vith suitable/probable axis of crossing for testing on. the 
Hydraulic Model. 

To prepare and. submit the above data to Hydraulic Research 
lnstitute for Model Studies. 

Hydraulic Model Studies at!Rl, Roorkee 

To lay and prove the Model at the Research Station based on the 
Survey Data & Hydraulic Design Parameters to the extP.nt as, 
detailed above in Para 1.2.1. 

To test the model for various alternatives for obtaining the 
satisfactory flow conditions and to determine the·most suitable axis 
of crossing, optimal waterway/bridge length, discharge intensities, 
velocities, scour pattern and afflux along the bridge and critical 
locations. 

J 

Ascertaining suitabie configuration & layout of the Guide Bunds or 
other Riv~r Training & Bridge Protection Works. 

Inspection/Supervision of the Hydraulic Model Studies 

Inspection during the Laying (construction} of the model for ensuring 
proper depiction of the site features.as picked up during survey.· 

Supervision of model during model runs for proving and 
subsequently, for testing of various alternatives on the model at 
different stages for obtaining the rnost suitable/favourable flow 
conditions. 

To submit the Report on the Hydraulic Model Studies describing the 
process, alternatives tested on the model & results thereof along 
with the conclusions & recommendations. 

PRESENT REPORT 

This report contains the details of topographic·t& hydrographic 
survey, hydraulic • parameters, hydraulic model study & 
recommendations thereof. This report is being submitted in following 
format. 

Volume I : Report on Hydraulic Model Study For' Proposed Rail 
Bridge Across River Yamuna near Tughlakabad. 

Section No. Title 

ll 

! Ii 

!V 

v 
f.:..nnexure -- 4. I 

Introduction 

Survey For Model Study 

Hydraulic Parameters 

Hydraulic Model Study 

Summary & Recommr':ndations 

Report of IRl, Roorkee 

N.B.- Appendices 8, Figures are appended after respective section:> 
---·~· ••'""-----·-·--··--· •••• • ,,_._~-·-:.-·-··-----·-PC"'-•-·--,_-~~-~···--·----------·-••••• 

• • • • • • • • • 
•• 
• • • 
• • • • • • • 
• • • • • 
• • • 
• 
• • • • • • • • 
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Volume II : Drawings 

r··-scT- Description 

l No. 
1 

f · Scal°l°rawin~ No. 

1 
1. Topographic Plan 1 :5000 

Incorporating 
RITES/RCED/ 
Y~DELHI/ BR&GB 

Proposed Rail 
Bridge & Guide 

1 Bunds ·across 

Section l 

j She~t 

No. 
1 

? I 

· j RITES/RCED/Y- I 
I Yamuna River near I 
; Tu!'.lhlakabcid 

~-·~~--- ·····---r- ·---+--·------·-+----------+- J .. -~ ........... -

DELHI/GB 
! 2. ! Layout of proposed 1 :2500 
I ; Guide Bunds 
; l 
I . 

RITES/RCED/Y-
DELHl/TP 

r-j·_·---·,,-~~~;ati~~ :roun~· 1: 10000 

I 1 Proposed Rail 
I · Bridge across 
l Yamuna River near 

Tughlakabad 

t 
l 

! 
I 

I 
I 

4. Cros§)-Sect!<;m 
river at BCL 

of HOR1:2500 RITES/RCED/Y-

5. UP Stream Cross-
Sections of River 

6. I Down-Stream 
Cross-Sections of 
River 

VER 1 :250 OELHl/CS/BCL 
& X-SEC 0.0 

HOR1 :2500 RITES/RCED/Y­
VER 1 :250 I DELHI/CS/ 

US-37 to 1 

I 
HOR1 :2500 RITES/RCED/Y -
VER 1 :250 OELHl/CS/ 

DS -1to18 

***** 

·I 
1A 

! 
i ·-

2 

3 

4-22 

23-32 

~). 

~ 

• • •· ., 
• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •• 
• 
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2.1 

2.1.1 

2.1.2 

2.2 

2.2.2 

2.2.3 

2.2.4 

2.2.5 

<• 

s~ction n 

Section - II 

Survey for Hydraulic Model Study 

SURVEY OF YAMUNA RIVER NEAR TUGLAKABAD FOR 
HYDRAULtC ~ODEL STUDY 

Objective 

The objeGtive of model survey was to pickup the river cross sections 
from high bank to high bank including the topographic details of 
adjoining area fn order to construct the river model for conducting 
the hydraulic model studies. The river reach to be surveyed was 
accordingly decided in consultation with IRI, Roorkee . 

Extent of Survey 

TopograQhic and Hydrographic survey for the river was carried out 
for 17 k~ river stretch (12 .km upstream and 5 km .cfownstream of 
pr()posed bridge location) In a. single working secason during the 
month of Feb and March 2008. River cross -sections· between the 
high banks were taken @ 200m 'interval upto 3.0 km upstream to 
2.0km downstream of bridge site and at 400m intervals in remaining 
river reach. At the curved reach of the river, the cross sections were · 
.taken at closer interv?ls to enable proper construction of model. . 

SCOPE OF TOPOGRAPHIC ANQ HYDROGRAPH.IC SURVEY 

The topographic and hydrographic survey carried out over the above 
river reach was as per the requirement projected by IRI, Roorkee for 
construction of the model which mainly covered the following: 

To develop the Topographic plan covering the latest course with 
details of positions ·of channels/dykes and other permanent features 
for a river reach of 17 kms, comprising 12.0 kms upstream and 5.0 
kms · downstream of the proposed bridge location . 

Initially, it was planned to take 26 Nos.of river cross~sections at an 
interval of 200m CIC in 5 kms portion ( 3 km u/s & 2 km d/s of BCL) 
and at an intervaf of 400mtrs in remaining river reach of 12·kms (i.e . 
31 Nos. of X - sections ). Tilus, a total number of 57 river cross 
sections including bridge centre line were initially planned for survey. 
Accordingly, during the course of survey 57 nos. of river cross 
sections were. taken . 

Fixing of 6 Nos. of gauge posts at six locations (3 on each bank) 
over river reach and'o-observation of water level three times daily 
during the entire period of river survey for water slopes and gauge 
correlation. 

Development of topographic plan .on a scale of 1 :10,000 of the 
above river reach shovv!ng positions of villages, banks, island'C, 
roads, water channc:s. cross sedions. cv~ :rete pll!ars, ;1pnroact: 
embankments etc . 
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22.6 

2.3 

2.3.1 

2.3.2 

2.3.3 

Section H ---·--·---.!....----
Development of the C(oss sections of river on the scale of horizont~I 
1: 2500 and vertical 1: 250 duly showing the water level with date; 
nature of terrain and chainages of change points along the cross 
section. · " 

FIELD SURVEY 

Reconnaissance 

Reconnaissance survey was done before the starting of the 
instrumental survey \vork to .locate the position of bridge cen.tre line 
and the availability of approaches to reach site and arrangement for 
hydrographic survey. The proposed bridge site is approximately 16 
km downstream of Okhla Barrage with village Yaquitpur near the left 
bank of me river and village.Lalpur on the right bank. The left bank 
of the river can be, a19proached by road originating near Okhla 
barrage and going towards Greater NOIDA. Similarly, Right ~ank of 
river is approachable through a road connecting Faridabad City with 
Lalpur village near bridge centre line. The area of survey falls in 
Survey ot India Toposheet No. 53H/6 and 53H/7 on a scale of 
1 :50,000. 

Establishing Bridge Centre Li~e · 

The 9etails of survey pillars which were established along the 
proP,o.sed corridor of the DFC project near proposed bridge location 
were obtained from alignment suniey · group of RITES. The 
descriptions of these DFC pillars are as given below: 

PILLAR . 
SIN NO. N E RL REMARK 

1 P-16/25 55127.786 147575.180 197.259 Afignment 
Pillar on the 

L 
Left bank of 
Yamuna 
River 

I 2 P-16/99 55223.698 147247.516 195.267 Alignment 
Pillar on the 
Right bank 
ofYamuna 
River ... .. 

DFC Pillar No. P-16i25 present on the left bank of river & pillar No. 
P-16/99 ·on right bank were ·physically verified and found in intact 
position. Accordingly, the line joining the pillar P-16/25 on' left bank 
and P-16/99 on right bank was given as reference· for the bridge 
alignment and hence taken as BCL for model studies. 

Equipments For Survey 

Su1vey equipments deployed at the site to undertake the 
Topographic and i-Jydrographic Survey included 

• • • • • • • • • • • • • • • • • • • • •• 
• • • • • • • • • • • • • • • • 

201



. , ., 
• • . ,, 

• • • •, •, 
• • • • ., 
• • 'Y""'. 

• ., 
~ 

• 
• • • • • • • • • • • • 

2.3.5 

2.3.6 

2.3.7 

Total Station of Model TOPCON of 1mm least count with 
computer interface . 

Auto level of 1 mm accuracv. 
J 

Laptop co.mputer loaded with latest AutoCAD and other 
supporting software for the processing of the survey data at 
the site. 

• Ceeducer Echo sounder system having inbuilt DGPS system: 

Horizontal & Vertical Control 

A closed traverse was run from OFCC reference pi!lar P-16/25 
located at left bank near Yakutpur and P-16/99 located on right 
bank of the river near Lalpur village in order to establish the 
horizontal and vertical control at site for on1Nard progress of survey 
work. 1'he survey n~twork was made by establishing subsidiary 
station at suitable intervals· to cover the entire area.Reference Pillar 
No. P -16tfl9 has been used as bench mark for the vertical control of 
model survey . 

Mapping of Area 

Positions both in· plan and elevation, of al! natu'ral ant! artificial 
features of the area like waterways, trees. cultivation, houses, 
fences, Pucca and Kutcha road. including culverts and crossings, 
foot tracks. other permanent objects like telephone posts and 
transmission towers, etc. were picked up during survey and 
subsequently shown on survey maps by means of conventional 
symbols (preferably; symbols of 'Survey of India' Maps). · 

River Cross Sections 

The bed levels were observed at an interval of 1 Om by taking 
sounding in water channel .and at an interval of 25m in the dry 
portion (islands) by total station to represent true profile of river bed 
between the high banks along the cross section; Natural and man 
made features were also surveyed and plotted to reflect the existing 
features along the cross section in survey area. AU the temporary as 
well· as permanent protection work were also accurately covered and 
detailed in the cross sections and topographic plan . 

Gauge Fixing & Watet Level 

Six number water gauges were established in the surveyed river 
stretch (Three on each bank, one alBCL, one at 12.1 km upstream 
and one at 4.6 km dovmstream of 8CL). Observation and recording 
of these gauge readings were carried out three times daily during 
the survey period to determine the water slopes and gauge 
correlation for survey ·..vorks. The gauges w'3re connected to the 
nearest DFC pillar p..:16/99 . 

2.3.8 Th~ photographs of site ·during fieid survey are pracecl a! 
Figure~ 2.1 . 
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2:·4 PREPARATION OF SURVEY DRAWINGS 

2.4.1 

2.4.2 

2.4.3 

The top'Jgraphic plan of the site has)been prepared on a scale of 
! : 10,000 showing positions of permanent features like villages, 
banks, island~. etc. The cross sections ohiver have been developed 
on the horizontal scale of 1 :2500 & vertical scale of 1 :250 duly 
showing the water level with date and natur~. of ··~main along with 
chainage of change points along the cross section . 

All the drawings have been prepared on AutoCAD software. The 
details i.e. horizontal aligrimentwith chainage of approaches on both 
sides of the bridge, as obtained from the alignment surVey team. 
were subsequently, incorporated in the survey plan. 

The drawings' developed after river survey are listed below and 
enclosed in a separate drawing folder in volume -11. 

-~ r··-sT.T--oescription ----- Scale i Drawing No. Sheet 
I , 

t 
I No. I ... 

' 
No . 

1--·--. 
I 1. Topographic Plan 1:5000 RITES/RC ED/ 1 
1 

Incorporating Y-DELHI/ BR&GB 

I Proposed Rail 
Bridge & Guide 1 

Bunds across ' 

I Yamuna River near 
) 

1 
Tughfakabad i 

1~·-· Layout of proposed 1:2500 RITES/RCED/Y-· 1A . 
Guide Bunds DELHliGB 

~--- . I 3. Topographic 1 :10000 RITES/RCED/Y- 2 
Sur:vey Plan around DELHl!TP 

I 
Proposed Rail I - .. 

Bridge across 
Yamuna River near 

l 
Tuqhlakabad 

I 4. Cross-Section of HOR1:2500 RITES/RCED/Y-
I river at BCL VER 1:250 DELHl/CS/BCL 3 

& X-SEC 0.0 " 

5. UP Stream Cross- HOR1:2500 RIJES/RCED/Y- . 
Sections of River VER 1:250 DELHI/CS/ 4-22 ; US-37 to I i 

! ··- ' -- ~ ' . 
f---- .) 

' 6. Down-Stream HOR1:2500 RITES/RCED/Y-
i I Cross-Sections of VER 1:250 DELHI/CS/ I 23-32 ! ! f 

! OS -1 to 18 i River l 
; ! i j i l l 
' L ___ }~ .. - ... .,,..,... 

l , I i --'-----------· _ _____._;.) 
_______ '. --···---

• • • • • ,. 
• • • • • • • • • • • • • • • • • • 
• • • • • • • • • 
• • • • 
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Survey for Model Study. ___ _ 

2.4.3.1 

2.5 

2.5.1 

25.2 

. The· a.bove listed drawings at S. No. 3 to 6 were subsequently 
submitted to IRl, Roorkee for laying of model and conducting the 
.model studies as detailed in subsequent sections. 

RIVER MIGRATION PATTERN 

Multidated satellite imageries were procured from National Remote 
Sensing Agency ( NRSA ) covering the river reach in the vicinity of 
proposed Bridge centre line for ascertaining the shifting/meandering 
pattern of the river in the vicinity of proposed bridge site. Accoidingly, 
the satellite imageries procured were for the years 1997 and 2007. 

The river courses for years 1997, 2007 and 2008 (latest ground 
survey) have been compared to ascertain the extent of meander & 

·. snift of the river near the bridge centre line and its vicinity. It is 
··broadly observed that the main river channel ha~ been flowing in a 
well defined ¢oriidor over a period of time 'and not showing any 
shifting tendency. The river courses have been plotted together and 
placed a~Figure - 2.2.The satellite imagery of 2007 with proposed 
BCL marked is placed as Figure - 2.3 . 

***** j ... 
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Figure 2.1 
'·· 

( 4 Sh.eds) 

VIEW OF BANKS OF RIVER YAMUNA NEAR ·DELHI UPSTREAM OF 
BRIDGE CENTRE LINE FROM LEFT BANK. 

• '.# 

VlEW OF RIVER YAMUNA NEAI:t DELHI AND BANKS DOWNSTREAM OF 
BRIDGE CENTRE LJNE. 

• • • •• • 
• • • • • • • 
• 
• • • • • • • • • 
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• • 
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• • • • • • • • • • 
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' 
VIE\V OF RIVER Y AMUNA NEAR DELHI .At'ID ITS BANKS DO\VN STREAM 
OF BRIDGE CENTRE LINE. 

VIEW OFiuVER 'YAMUNA AND ITS BANKS P'.O\VN STREAM OF BRIDGt 
CENTRE<l.INE. , 
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GENERAL TERRAIN OF RJVER YAMUNA AND ITS BANKS NEAR BRlDGE 
CENTRE LINE. 

\' l EW 0 F I<J \~TiB._Yt~~!~ Ai"ID ITS BANKS NEARBRIDG F <:ENT RE LI NE 
FROM LKFT BANK. 
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FIGURE - 2.2 

PROPOSED RAIL BRIDGE ACROSS 
RIVER YAMUNA NEAR TUGHLAKABAD 

COMPARATIVE RIVER COURSES 
OF PREVIOUS YEARS 
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Figure 2.3 

Proposed Bridge Center Line for Rail Bridge across River Ymnuna at near 
Jughlakahad 
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Section - Ill 

Hydraulic Parameters 

GENERAL 

The hydraulics is the. study of the flow.parameters and the forecasting 
of flow'behavlour through a water stream or river. For this histork:al 
hydraulic data of the river pertaining to water level and discharge a: 
different gauging station is collected by variqus State and Central 
agencies primarily for the flood management The flood f orecastin9 is 
also important for the structures built on,,a!ong or near thE:-: river not only 
to ensure that their utility area is free from the flood hazards but also to 
construct the structure strong enough so as to be able to withstand the 
future ftoodi'during the life time of structure. · 

RIVER YAMUNA 

Yamunotri, which is in north of Haridwar in the Himalayan Mountains, is 
the source of the Yamuna. The river Yamun.n , a major tributary of river 
Ganges,. originates from the Yamunotri glacier near Banderpoonch 
peaks (38°59'N 78°27' E) in the Mussourie range of the lower 
Himalayas at an elevation of about 6400rn above mean sea .level !n 
district Uttarkashi (Uttrakhand). 

The river passes through ·National Capital Delhi· where Wazirabad 
, barrage has been constructed on the river to store the water for water 

supply and further down stream, Okhla Barrage has been constructed 
for diversion of Yamuna water for irrigation purpose. In the lean period 
almost entire flow of the river is retai:ied/ diverted at Wazirabad and 
Okhla Barrage. 

The proposed bridge centre line (BCL) is approximately 16km 
downstream from the Okhla Barrage near village Ya"~uitpur, being on 
the left bank of the river·and village Lalpur on the right bank of the river. 

HYDRAULIC DATA 

Hydraulic data· (Gauge arnfDischarge) has been collected to the extent 
possible from various departments viz. Central Water Commission, 
Okhla Barrage office, RITES Report on Oelhi Metro Rail Bridge . · 

Hydraulic data/information collected for proposed bridge on River 
Yamuna at Tuglakabad in summarised as under: 

A, Mahana Gauge Discharge Site (48 km d/s of BCL) 

Gauge and Discharge dfl!a observed at the Mohana G Bx D si~e of CWC 
for the period from year 1984 to 2006 hai,:; been cofiected from ewe' 
which ha~~ been used for calculating design discharge 2i Mohana. Bed 
levef and water levels cf Mohana 9auge site of ewe fer ivlay, 2008 
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3.4 

3.4.1 

3.4.2 

. . . 

have also been collected to determine river slope for transfer of HFL 
from Mahana to BCL. 

B. Okhla Barrage (16 km u/s of BCL} 
' 

Yearly gauge discharge data observed at Okhla Barrage for the period 
from 192.QJo 20Ql has been collected from Okh!a Barrage office. The --- --- .. ,,,,,,,."::.... 
design discharge of Okhla Barrage is 3 lacs cusec (8,496 cumec) .. 

C. RITES Report on Delhi Metro Rail Bridge (33 km u/s of BCL). 

As per RITES Repo:t (year ·1993) Hydraulic Param~ters used for Metro 
Bridge are given b~low. . ...... ~ 

Design Discharge = 99 ·11 cumec for water way 
._, ... ,,, ...... ,·,~.·---""'. ,..,,. -- - ,, ... -~·~~·-·· 

(127 43 cumec for scour) 

Design HFL~ = RL 208.9m(for12743 cumec} 
__ .... -~-------· ... --....... -. ,u , 

D. Gauge RL's observed during Field Survey: 

Gauge readings at BCL. 12.1 km u/s and 4.6 km d/s of BCL were 
observed thrice daily during the period qf field survey. 

DESIGN DISCHARGE • I 

/ 
The nearest G & D site in close vicinity is at Mohana (48 km. dis of. 
P.f:9PO~ed bridge site). .. The data for Mahana site has been obtained 
from CWC,The Upper Yamuna Division was contacted to provide 
maximum released· discharge data of Okhla Barrage.The Mohana. 
Discharge data has been used 'for developing .·Gauge-Discharge 
relation. For statistical analysis discharge data of both Mahana and 
Okhla Barrage have been used for ·estimation of design flood 
discharge. The results and observations are detailed in subsequent 

7 

paras. 

Log Pearson Method for .Mohana Discharge Data 

The Mahana Discharge data {annual maximum} has been anatysed 
using the Log-Pearson distribution model. The observed values for the 
period 1984-2006 have been used and calculations are placed below. 

a
.1 ~ischar e calculation usin9 Lo Pearson distribution 

i Discharge j , . 
:, Year I . Q Q1 = !ogQ I' 01 • 0 1m {Q; • Qim}

2 
{Q1 - Q. ia,}3J

1 

' . {cumec) + 
~--~1.§?_Q~ __ j 1081.98 ---L- ~j::: ____ L. -0.05 I ___ 0.003. L ___ ~O-~~~; l 
,.,, i I ,~ ! l 

·- 1 !985 i i255.51 I 3. m . 0.01 : o.ooo 1' 0.000003 i 
••• "•••• •'""~"-••••w• --• --·~- • ~-----·-~ ..... .._ __ ._ •• ___ ••• _ - -~--·~-9·-··--·••- •-·· --·-·--••• ••••.,•••••P•w•-~-......... ~·-----~-w.J 

- -· -- --·~---·--··--··- . ·- ·-, ·- ·-·-·-' ... ----· -·- ... -~---. -·--··------ ·-- ·-- -· 
Mi.IU~~~ Rh,.·1~( Y.c::n-n;n;) nr:;';- Tt.y?·,t·~ki~bG<l JlH 

•• • 

• < ,. 
• • • • • • • 
• 
• • 

l • 
• 
• • • 

,, . 
• • • 
• 
• 
• 
• • 
• 
• 
• • • • • • • • 
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• 
•~'''.;.9" ---•. ., ') 

,J,..''·. j W,,·~ -
Hydr>Jutic Parameters 

--1·~·'·-----· 
Sectlon-m 

! '. •• . ...,,,. . 

• -.. 

e\ ., 
.. :,...;;:, j . ) •. } 

.' ·' •: •: ., 
•': 
• .,'. 
.~ 

• 
• • 7. • • 

3 l ·~ 1986 1202.8 3.08 0.00 0.000 
4 1'987 100.48 2.00 ·1.08 1.172 '• 

5 1988 3830.11 3.58 0.50 :/ 0.248 
6 1989 2658.75 3.42 0.34 0.116 
7 1990 1876.95 3.21 0.19 0.036 
8 

.· 

1991 763.68 2.88 -0.20 0.041 
9 ' 

1992 --i- 1977.8& 3.30 0.21 0.045 
~-- I I 

-
10 

! 1993 l '. 
j 1427.98 3.15 0.07 0.005 

11 1994 I 1830 3.26 0.18 0.032 
12 ' 

l 1995 3030 3.48 0.40 0.157 . 

I 
13 1996 2858.34 3.46 0.37 0.138 
14 1997 '%016.41 3.30 0.22 0.048 
15 1998 2193 3.34 0.26 0.066 
16 1999 845.35 2.93 -0.16 0.025 
17 ' 2000 1na . .3.25 0.17 0.027 
18 

') 

2001 1110.19 3.05 ·0.04 0.002 
19 2002 908,7 2~96 -0.13 0.016 
20 2003 885.3 '2.95 -0.14 0.019 
21 2004 431.51 2.63 -0.45 0.202 
22 2005 715.68 2.85 -0.23 0.053 
23 2006 452.62 2.66 -0.43 0.184 

101 ll01· 01m)
2 

N=23 =70.95 = 2.634 .· 

Mean Log (Q) i.e. (Om) = i01/N = 3.08 

Standard Deviation (cr) = i[Z(OrOimf /(N-1 )] = 0.346 

Skewness Coefficient (G) = [N/(N-1)(N-2)]"[:E(Or0im)3 I cr1 
= -1.367 

For 1.00 Years Kp100 = 1.3403, For G = -1.367 ,, 

I 

-0.0000001 

-1.27 

0.12 

0.04 

0.01 

-0.01 

0,01 -
0.0003 

b.01 

0.06 

0.05 

0.01 

0.02 

-0.004 

0.005 

0.000 

-0.002 

-0.003 

-0.09 

·0.01 

-0.08 

E{01-01m)
3 

=-1.14 

(Refer.ROSO .Technical Monogram no. 50) 

= 3.5485 

= ANTlLOG (3.5485) 0 

= 3535.72 cumec SAY 3536 cumec 

~ 

l 

! 
l 
l 

I 
I 
1 

'• . ·;iyct~a;:,nc Mode! Stuctyfor 2ridg~/:.:~;~;s-·fu:-cr Ya;;;;;~·,:;~;~;;~b~r> .. ··-·--·· --· · -- ··--- --· 11i.:1 

• 
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3.4.3 

, 

··~ 

L 

Section.tu 

Gum be l's Distribution metbod for ·fl.fohana Discharge Data -

The same data as used in the Log-Pearson distribution as shown 
above has been put to Ht ·Gumbel Oistribution and calculations are 
placed below. 

J YEAR MAX. "Q"( cumec) "Q-µ" . "(Q.:µ)2,; · 

·-·-----+---------+--··-----· ---·-! 1984 1081.96. . -449.83 ' 202348.202 
r·-·····1885-·-1-z2ss.sf"--1 -27628 763'31.3591 
~ ___ 1986 .. j-··--···1202_a __ --=_J.._ -_ -_ -___ -_.3-=_2-s_.-9_-9~--~ ....... _----·~-_-1:os=2:3:_s"""".,,,..2-7.,..,,·-8-::----·= 

~-~t--+--·- 31a~~~e1 ~--·I ~~:~.·:~ ---· ;~:~~~~:~; 
j 1989 2658. 75 1126.96 1270035.9 
j 1990 1876.95 345.16 119134.525. 
!----·--1 
l 1991 763.68 -768.11 589994.976 
:··----, .. ,..-19_9_2--1-::.--1-9-77-.8-8 __ ,__ __ 44-6-.0-9--i----1-98_9_9-5.-1-24-.-·-

1993 1427.98 -103.81 10776.7869 
1994 1830 298.'21 88928.4262 
1995 3030 1498.21 ' •1"'·2244629.3' 
1996 2858.34 1326.55 1759731.44 
1997 2016.41 484.62 234855.28 
1998 2193 661.21 437196.939 
1999 845.35 -686.44 471201.664 
2000 1778 . 246.21 60618. 7218 
2001 1110.19 . -421.60 177747.66 
2002 . 908. 7 -623.09 388242. 7.7 4 
2003 885.3 -646.49 417951.007 
2004 431.51 -1100.28 1210618.95 
2005 715.68 -816.11 666037.661 
2006 452.62 ·1079.17 1164610.7 -· ·-·~----'~~~~-;-~~~~~~---l 

I I 

I 1
1 

ECQ-µ)i( 
N= 23 I IO= 35231.2 I i = 19229143.6 

. ___ J_ __ ···--·----'------'---~---J 

Mean Discharge, i1 = I,Q/N 

=1531.79 

Standard Deviation, o =..J{[{Q~µ)2 /(N-l)} 

, =934.907 

The factors for the Gumbel's distribution are: 

a= 0.7797 x a = 728.95 

u ~ i1-0.5772x a=1111,04 

For the 100 year return period (T) design discharge has been calculated 

as: 

0100, u • u{·ln{-ln(1·1lr)}) =4464.31 cumec SAY 4465 cumec. 

• • • • • • .) 
• • • • • • • • 
• • • 
• • • 
• 

') • • 
• 
• 
• • • • • • • 

. ..._ • .; 
• ' '·' • 
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Section-Ill 
... ~-~---------

Hydtnullc Pnramete;rs · 

Chow's Frequency.Factor Method for Mohana Discharge Data 
.• 

The Mahana discharge data ( annual maximum ) has also been 
anatysed using Chow'.s frequ~ncy factor method , The observed values 
for the period 1984-2006 have been used . The calculations are placed 
below. 

MAX. "Q"( cumec) l "Q-µ" I "(Q-µ)2
" l 

1--_1_9_84_+ ___ 1_oa_1_.9_6 _ __,f--_-4_4_9_.a_3 __ L. -202348.202 j. 
YEAR 

1985 1255.51 -276.28 1 76331.3591 1 
¥-· -~~-·~-----·-i----------1--------.., 

-· 1986 t- 1202.8 t' ~328.99 103235.278 ..... _J 
_, __ J

19
9

8
?.

8
L_i___ 100Aa ___ __-14_~1 ... ___ 

1 
___ 2048652.os ·--~ 

r-----+1 __ 38_3_0._11 __ .L 2298.32 ' ___ 5282268.83 - .. ; 
1989 2658.75 . i 1126.96 i 1270035.9 
1990 I 1876.95 I 345.16 • 1 119134.525 ·-

i----..19_9_2_1--_1_97_7_.8_8 ___ 446.09 198995.,124 . 

1993 . 1427.98 -103.81 10776.7. 869 ~ 
1994 1830 298.21 88928.4264 
1995 3030 1498.21 j 2244629.3 
1996 2858.34 1326.55 •·'' 1759731.44 
1997 2016.41 . 484.62 234855.28 

i----1_99_8 ____ 2.1~~--- . ·-r-_6_6_1_.2_1_---! __ 43_7.,...19_6_.9_3_9_· ---1 

1999 845.35 -686.44 
2000 . 1778 246.21 
2001. 1110.19 -421.60 
2002 908.7 -623.09 
2003 885.3 -646.49 
2004 431.51 -1.100.28 

-471201.66~ 

60618.7218 
177747.66 

388242.774 

·-

417951.001 I 
1210618.95 --1 

2005 715.68 -816.11 666037.661 
i--~--1------'-~~·~t--~----t-·~-~-~·-

2006 452.62 -1079.17 1164610.7 

N=23 ~=35231.2 

·----1--rc-o-.,1..,,..r ___ ll 
= 19229143.6 

Mean Discharge, µ 

=.153~.79 

Standard Deviation. a ""'/{ J: (Q-pf /(N-1)} 

= 934~907 
Return Period = 100 years 

For N = 23 K(Ch = 3.68 (Refer RDSO .Technic<il Monogram no. 50) 

Orno = )t + K(C}rx o 

= 4972.25 Say 4975 cumec .. 

- --- ----------------·-------

~5 
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3.4.5 

: ~ .. } 

,. 

... ,, 

Section·lll 

Log Pearson Method for Okhla Barrage Discharge Data 

The Okhla Barrage Discharge data (annual maximum) nas bee_n 
analysed using the Log-Pearson distribution model. The ob$erved 
values for the period 1920-2007 have been used and calculatio.ns. are 
placed below. 

r-----i-- Max I ~ I ·~ I Year I! Discharge (Q) .1 Qi=logQ . Q a ., ' 
; cumec 1 ---;.....--i_·_1m--+-(Q __ ,_·_0...,..1m_)_

2
·_1 __ (01·01m)

3 
. 

r·1s20·-·r-·-1656.6 
1 

3.22 _ -0.12 0.015 "."0.002 
1922 ! 1925.0 3.28 ·0.0:6 0;003 -0.0002 ............ --~-----~.......c...;;;.;;;;;.."j.=--·+-----';;;.;;;;;.;-·-+-~-'---+--...;...;..;. ........... ___ ...;.... ___ -l 

1923 1319.9 3.12 .-0.22 0.049 .0.01 
f 1924 5812.7 3.76 Q.42 0.178 0.08 
[ 1925 ·- 2478.9 I 3.39 o.os 0.003 o.ooo 
[ 1926 I 1722.4 3.24 -0.11 0.011 -0.001 
~ 22-t.2.5 3.34 0.00 0.000 0.00 
f~ 2205. 7 3.34 0.00 0.000 0.000 

1930 1824.5 3.26 -0.08 . 0.007 ·0.001 
1933 2986.1 3.48 0.13 0.018 0.002 
1934 2212.6 3.34 0.00 0.000 .0.000 

1--~~11--__;;~~~_...~...;;..;.;--~+-~~--+~_..;.;..;...;....;..._..:.-.;...~_.;;...;..;..;;...;.~.-

1935 1390.i 3.14 -0.20 0.040 -O.o1 
1936 1328.8 3.12 v -0.22 0.048 -0.01 
1937 2013.1 3.30 -0.04 0.001 -0.0001 
1938 1305.6 3.12 " -0.23 0.051 -0.01 
1939 858. 7 I 2.93 ·0.41 . 0.167 -0~01 
1940 2499.4 3.40 0.06' tl.003 0.00 
1941 1365.4 3.14 -0.21 0.043 -0.01 
1942 2558.9 3.41 0.07 0.004 0.0003 
1943 2437.1 3.39 0.04 0.002 . 0.0001 
1944 1001.8 3.00 -0.34 . 0.117 -0.04 
1945 2005'.4 3.30 • -0.04 0;002 -0.0001 
1946 1819.0 3.26 -0.08 0.007 -0.001 
1947 3786.7 3.58 0.24 0.056 0.01 
1948. 2202. 7 3.34 0.00 0.000 0.00 
1949 1589.9 3.20 -0:14 0:020 -0.003 
1950 1940.8 329 -0.05 0.003 -0.0002 
1951 1677.3 3.22· • -0.12 0.014 -0.002· 
1952 2306.5 3.36 0.02 0.000 0.00001 
1953 1951.6 3.29 -0.05 0.003 .0;0001 

l 1954 2037.2 3.31 -0.03 0:001 -0.00004 
1955 3691.9 3.57 . 0.22 0.051 O.Q:1.< 
1956 5032.0 3.70 0.36. 0~129 0,05 
1957 2569.9 3.41 .. 0.07 0,005 ... 0.()003· 
1958 _ 2641.8 3A2 0.08 0.006 0~0005. ' 

. 1959 2493.5 3.40 0.05 0.003 6.0002 > ' 

r1960 2277 .2 I 3.36 r . :l.9_1_~_0..,.._00_0 __ ,_---"0.Q.QQO. ·· 
~)961 . -p ~-3115.7 L-1.:.i~ I 0.15 L... 0.023. 0.0035 
I 1962 I 3747.7 ; 3.57 ' 0.23 j 0.054 l O.Oi 

CI96~ r~---:s·o.;22_ L3.70 I 0.36 I 0.130 I ~:~~ ... _I 
U9~1_ ___ L _____ 3596.s _:c=?.5§_. __ _[_.Jl.dl...__.J o.o4a __ 

111-6'. 

• • • • • • • • • • • • • • • • • 
• • • • •• 
• • • • • • 
•:' 

··~ :1iJ 
.;,~ •. :::; 
•• • .,; 
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r •. ) 
).' 

•• '\ ) .,, •. , 
~ 
~J .) 
• .J 
e: ., 
• •• 
• .} 
.: ./ 
··o .) 
•• 
"v ' • • ..,. 

• • ""'' • 

•• ,,,, •. '. .,, 
• • • • •• 

c 

~---.---------.-~---r-----..,..-------,---·--'-· 
1965 11so.1 3.24 -0:10 I 0.01 o -o.oo 1 

~1-9..,..6-6~i-----3-25-3-.6--t----3-.5-1~_._!~-0.-17--+-~0-.0-2_9 __ l_~-0-.0-05~---1 

1967 4393.0 3.64 0.30· 0.090 0.03 
1--19_0_8_i-_2 ..... 11.,_a..;....6_-+ ___ 3 ..... .4_4_-'-l ___ o_.1_0_-i--_o._01_0___,c-+--Q.001 

1969 , -2030.0 3.31 -0.03 0.001 -0.00004 .___._ ......... i--~~--+--~--~-t------1---.,....---~-~~-'--l 
1970 1919.3 3.28 -o.os 6.004·r -0.0002 
1971 3763.8 • 3;58 ' ·0.23 0.054 0.01 
1972 2496.5 3AO o.os 0.003 , 0.0002 I 

r1~9=.7~3--i~.~-24..,..1-7 . ..,..2~;-~-3.-38~--t--~0.~04.;._.-+-__;o~.o~o~2~.-+~~o~.0~00~1;:___1 

1974 2225.6 3.35 O.D1 ,0.000 , 0.0000 l --=-=-==---t------+-----+-----'------t--'-'----+--··-----1 
1975 ! 2938.1 ! 3.47 0.13 _____ 1 ___ 0 • ..,..01_6_, ______ 0.002(1 ___ ~ 

~~~; ~~~~:~ ~::~ ~:~~ ~:~~! io~~ ··--·1 
1978 6212.5. - 3.79 0.45 0.203 0.09 ' 1----+------..;..._---..;-------1-·----+------+--·--
1979 2182.7 3.34 0.00 0.000 0.00 
1980 3350.3 3.53 0.18 '0.033 ' 0.01 
1981 26a5.8 3:43 0.09 0.008 0.001 
1982 1842.2 3.27 ·0.08 0.006 -0.0005 
1983 3327.2 3.52 0.18 0.032 0.01 
1984 1227.4 3.09 -0.25 0.064 -0.02 
1985 2680.5 3.43 0.09 0.007 0.00,1 
·19as 2235.3. . 3.35 0.01 o~ooo o.bo 
1987 801.0 2.90 -0.44 0.193 -o:os 
1988 6626.6 3.82 0.48 0;229 0.11 
1989 4580.5 3,66 0.32 0.101 0.03 
1990 2743.1 3.44 0.10 0.009 0.00 
1991 621.0 2.79 -0.55 0;302 -0.17 
1992 3-177.1 3.50 0.16 0.025 0.004 
1993 2076.7 3.32 -0.03 0.001 -0.00002 
1999 2092.3 3.32 -0.02 : 0.000 0.00 
2000 2853.5 3.46 0.11 0.013 0.001 
2001 2125;6 3.33 ·0;01 0.000 0.00 

, 2002 2066.3 3.32 ·0.03 0.001. 0.000 
2003 1252.0 3.10 ·0.24 0.060 --i---0-.-01----i 
2004 5~4.7 2.72 -0.62 0.387 -0.24 
20.05 1314.9 3;12 -0.22 0.050 ' -0.01 
2006 103.2 2.es ~o.so o.245 -0.12 
2007 782.6 2.89 ·0.45 0,201 ·0.09 

l01 . B01- 01mY' E(Q,- Oim),-
N=79 =264.05 :'! 3.797 =-0.37 

Mean Log (Q) i.e. (Oim) = .E 01/N = 3.34 
Standard Deviation (<>) = -V[t(OrO;m)~/(N-1 )] = 0.221 

Skewness Coefficient (G) = '[N/{N-1 ){N-2)J*[l:(Q;-01:,..)3 I cr3
] 

:: -0.45 
For100YearsKrioo = 1.9918,ForG=-0.45 

LOG Or = Oirr + Kp 100 x o 
= 3.782 

0100 ·- . .:\NTILOG (3.782) 

(Refer ROSO .Te'chnical Monogram no. 50) 

0 1oo = 6053.4cumec SAY 6055 cumec 
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Hy~raulic Parameters ___ S_cction·lll 

3.4.6 Gumbel's Method for Okhla Barrage. Discharge Data 

The Okh.la Barrage Discharge data (annual m.aximum} has be·en 
analysed using the Gumble Distribution fr!.ethod'. TA~ observed values 
for the period 1920-2007 have been used and calculations are placed 
below. 

~ I Max Discharge iQ) 

l l cumec 
·······---··--···· .. .:._·····-···-------·-··--------- _..,.... .. ._.~ .. ~,..-------~ 

1

1_:1_p20 _J ______ 16_5_6_.6 ___ -;..... __ -8_2_2._43_· --+-·--·~6_7,_6_38_4_.8_9 __ ---t 

1922 ·--t i925.0 -554.01 306929.99 
__ 192d_. ___ L ___ 1319_9 ----·--+---_1 _15_9_;0_8_-+-_, __ 1_..;34.__34_7_4_.4'""'3 ___ ---1 

1924 -j 5812.7 ____ ,___3_3_33_.6_6 __ -+ ___ 1_11_1_33_1_8-'.5_4 __ -.-1 

1925 ~-"-24~7~8-~9·-~t--~-0~.1_3~-+~~~_;;,.0.~02;;;.......~~---1 
1926 · 1 1722.4 -756.59 572429.22 

~ 

"Q·µ" 

1927 ~ 2212.5 ·266.51 7102520 
1929 2205.7 -273.33 74710.78 

. 1930 1824.5 -654.49 428362.67 
1933 2986.1 507.04 257085.04 
1934 2212.6 -266.45 70995.01 
1935 1390.1 -1088:97 1185855.94 
1936 1328.8 -1150.22 1322998.20 
1937 2013.1 -465.97 217125.52 
1938 1305.6 -1173.47 13770~2.12 
1939 858.7 ·1620.33 .• 2625468.99 ,• 

1940 2499.4 - 20.41 416.43 
1941 1365.4 ·111:l.59 1240077.55 
1942 2558.9 79.87 6378.96 
1943 > 2437.1 -41.94 1759.35 
1944 1001.8 ·1477.19 2182076.79 
1945 2005.4 -473.67 224365.81 
1946 1819.0 -659.99 435586.75 
1947 -, 3786.7 1307.72 1710119.63 

'1948 2202.7 -276.34 76361.35 
1949 1589.9 -889.08 790469~37 
1950 1940.8 -538.23 289695;39 
1951 1677.3 -801.72 642751.76 
1952 F 2306.5 -172.48 29750.34 
1953 1951.6 -527.41 278163.48 8 954 ···-· 1 2031 .2 ---'!---·-44_1_.s_o __ --t ____ 1 s_s1 ss.ss 

3691.9 1212.87 1,471056.62 
U956 __ J_----®32.0__ 2s53_01 ss11s14!73 
U 957 I 2sse:s _ 9b.ae a260.61 
l_ 1958 -- l 2641.8 162. 73 26480.92 
! 1959 : 2493.5 14.51 210.66 
f19EIO--t=T ···- 2277 2 . -201.so 40724.45 i ~961 _ . ___ 311s.1 l 636.70 • -1- 405381.28 

' 1962 l 3747.7 . .·1 12§,.~ll_ i -·- 1609617.26 
1._1-.?_~~---~r_· -- 5042.2 2563.21 =r 6570o51.s2 --1 
L..1_96:t ....... L 35~6_._5 ___ L..J 117 -?£....._ --'-·-- 1248844._52 __ ==1 ____ _ 

• • 
"• • • • .J 
•• • • • • • • • • • • • • • • • • • 
• 
• 
• •• 
• • 
• • •· • •• 
• 
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• 
• -. 

•: -. 
• • • • • • 

•.. 

1965 l 1750.1 . ---=+ 
1966 l 3253.6 ' 
1967 ,I 4393'.0 -t· __ ,. .. 

' 1968 I 2778.6 
' i 1969 I 2030.0 l 

1970 I 1919.3 
1971 3763.8 ! 
-~ 

1972 2496.5 
1973 2417.2 
·1974 1 · 2225.6 i 
--~-1975 ! . 2938.1 I 

1916 ! ---f 
4152.1 ' ___ ,. I 

1977 2998.6 I l:i=f= 6212.5 

f 1979 ---i--~ 2182.7 l 

L 10ao I '3350.3 -+--1 1981 2685.8 
1982 1842.2 

! 
~ i 

1983 3327.2 
! -

1984 1227.4 
1985 2680.5 
1986 2235.3 
1987~ 801.0 -1988 6626.6 
1989 4580.5 
1990 2743.1 
1991 621.0 

.1992 3177.1 . 
1993 2076.7 
1999 2092.3 
2000 2853.5 
2001 2125.6 
2002 2066:3 
2003 1252.0 
2004 524.7 
2005 1314.9 
2006 703.2 
2007 782.6 

I I,Q= 
N =79 195843.12 l 

Mean Discharge, µ -= !JlJN 
=2479.027 , 

-728.89 

774.57 
1913.98 
299.56 
-449.06 
-559,71 
1284,77 

17.49 
76U33. 
-253:42 
459.05 
1613i07 
519.53 

3733.49 
-296.36 
871.23 
206.75 
•636.87 
848.17 

-1251.66 
201.45 
·243~73 

·1678,04 
4147.55 
2101.48 
264.09 

·1857.98 
698;06 
-402.28 
-386.73 
374.51 
-353.42 
-412.74 

-1227.04 
·1954.32 
-1164.10 
-1775.83 
-1696.39 

Standard Deviation, er =..JCE(Q~µ)2 /(N-l)} 
=1227.697 

I 

l 

The !actors for the Gumbel's distribution are: 
a.= 0.7797 .x c = 957.235 
u ~ it· 0.5772 x a= 1926.51 

SecHorHIJ 

·---- 5312-73.55·- ---··-·-1 
599960.15 ! 

3663304.31 
---] 

89n4.27 ____ j 
201650.50 

·-
313271.56 -
1650632.02 ·-

305.86 , 
3823;11 

64220.54 ~ ,..--
210724.03 j 

2799161.65 ! 
-----i 

269909,81 ' _________ ) 
13938980.88 --- I 87831.56 ______ _J 

759038.53 I 
42746.49 -~ 
405608.25 I 

719390.11 --
1566656.13 
40584.04 

.. 59403~99 

2815802.42 
17202133.27 
4416231.34 

69743.19 --
3452084.58 
487281.29 
161832.88 
149561.77 

. 140260.95 
124904.09 
170352.52 
1505636.45 
3819383.22. 
1355123.24 
3153.556,75 
2877746.58 

l;(Q·µ)"= 117564717.9 

•(' 

For the 100 year return period (T) design discharge has been 
calculated as ; , 

0 100 .,,u • a[-ln{-ln(1~'tr}}J =6329.94 SAY 6330 ct1mec • 
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3.4.7 

Suction·lll' 

Chow's Frequency Factor Method for Okhla Barrage Discharge 
Data 

The Okhla Barrage Discharge data (annual maximum) has also been 
analysed using the Chow's frequency method. The observed values for 
the period 1920-2007 have been used and calculations are placed 
below . 

I Max Discharge (Q} II 

! cumec 
"Q-µ., 

l--f92()"'-i 1656.6 
' '-~~ ··~· .. ,,.~ ... ~·,...,,,~., --

-822.43 _j 676384.89 1--· ······-.··-·-···--
-554.01 . 306929.99 I 1922 i 1925.0 

j -----·-~· -"-""'"'- -· 
l 1923 1319.9 -1159.08 i 1343474.43 r---·---·-- ~~-···· 

i 1924 5812.7 3333.66 11113318:54 
t 1925 2478.9 -0.13 0.02 

1926 
.... ... 1722.4 -756.59 572429.22 

1927 2212.5 -266.51 71025.20 
1929- 2-205.7 -273.33 74710~78 
1930 1824.5 -654.49 428362.67 
1933 2986.1 ._ 507.04 257085;04 
1934 2212.6 -266.45 70995.01 
1935 1390.1 -1088.91 1185855;94 
1936 132&.8 -1150.22 1322998;20 
1937 2013.1 

-+-~·-·· 
-4_65.97 217125.52 ---·· 

1938 1305:6. I -1173.47 13no42.12 I 

1939 858.7 -1620.33 2625468:99 -
1940 2499.4 20.41 416.43 
1941 1365.4 -1113.59 1240077.55 
1942 2558.9 79.87 6378.96 -·-
1943 2437.1 -41.94 1759.35 
1944 i 1001.8 -1477.19 ·2182076]9 

! '1945 I 2005.4 -473.67 224365;81 11946-± 1819.0 -659.99 435586.75 
I 1947 . . 3786.7 1307.72 1710119.63 

1948 2202.7 -276.34 76361.35 
1949 1589.9 -889.08 790469:37 

11950 
. 

1940.8 -538.23 289695.39 
' 

i 1951 1677.3 -801.72 642751.76 
1952 2306.5 -172.48 29750.34 
1953 1951.6 -527.41 278163.48 -· 1954 2037.2 ' -441.80 195189.88 

·1955 3691.9 1212:87 ! 1471056.62 -
1956 5032.0 2553.01 6517874.73 --1957 2569.9 90.89 8260.67 

I 1958 2641.8 162.73 26480.92 
n-~-1-·, 2493.5 ·----r 0 14.51. l 210.66 
·---~·~--~~---· .. 

I 1960 r 22n.2 ·201.80 I 40724.45 
-----"----~- ,,,. ~' ~~ --

- 636.70 ----i··· 405381.28 ; -t061 I 3115.7 ' ~- ·.~ ....... -~.--·-=----------- .......... _ -------- . -------+-------··-·· ---. 7' . 1609617.26 .. J 

ill- Ill 

• • • • ·• 
• • • • • • • • • • • • • • • • 
• 
• 
• 
• 
• 
• • • • ..... 
• 
• •• 
• ;>:: 
•]1ij 

.·<> 
•J::;J 
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i~ 
-, 

·~ '"" \" ,f •1 / •: 
¥ t .\ 
; ) ' 

•• • • • ,., 
.. , 

•· • •: . , 
• • • • • • 

1963 5042.2 2563.21 
1964 3596.5 1117.52 ---
1965 ' . 17.50.1 -728.$9 
19_66 3253.6 774.57 
1967 4~93.0 1913.98 

·1968 2178.6 . 299.ss· 
1969 2030.0 -449.06 
1970 1919.3 ~559;71 
197.1 3'763.8 1284;77 ·----· l 1972 2496.5 . 17A9 --

' -61.8~ 1973 241.7.2 I 

1974 2225.6 -253.42 
1975 2938.1 459.05 --
1976 4152.1 1673~07 -1977 2998.6 519.53 
1978 6212.5 > 3733.49 
1979 ~ 2182.7 -296,36 
1980 3350.3 871.23 
1981 2685.8 206.75 
1982 i842~2 -636.87 
1983 3327.2 848;17 
1984 1227.4 -1251.66 . 
1985 2680,5 201.45 
1986 ·2235.3. -243.73 
1·987 801.0 -1678.04 
1988 6626.6 " 4147~55 

1989 4580.5 2101.48 
1990 2743.1 264.09 
1991 621.0 .;1857.98 
1992 3177.1 698.06 
1993 2076.7 -402.28 
1999 2092.3 .. -386.73 
2000 2853.5 374.51 
2001 2125.6 -353.42 
2002 2066.3 -412.74 
2003 1252.0 -1227.04 
2004 524.7 -1954.32 
2005 1314.9 • •1164AO 
2006 703.2 -1775.83 -2007 782.6 -1696.39 

to= 
N=79 195843.12 

Mean Discharge, p . 

Standard Devintion, a 

Return Period 
K(c)100 
0100 

= LQJN 
= 2479.027 
=-l 'f.{ (Q-J.!)2/N-1} 
=1227.697 
=100 years 
= 3.491 
= µ +K{cheoX£T 

= 6.764.92 Say 6765 cumec 

Section-Ill 

·-·-·-··-···----- ·----···-·-1 

6570051.52 -·----~ 
1248844.52 ; 

---i 

531273.55 
I 

,_ __ _j 
599960.15 

3663304.31 
89734.27 

201650.50 
313271.56 .-==i 
1650632.02 ____ J 

305.86 i . - -··-··----\ 
3823.11 : 

'"'--""'-"' 

64220.54 --
210724.03 ' -1 2799161.65 --i 269909.81 

13938980.88 
8783'L56 

759038.53 
42746.49 ---

405608.25 ·-
719390.11 -
156$656.13 
40584.04 
59403.99 

2815802.41 --
17202133.27 
4416231.34 . 

69743.19 
3452084.58 
487281.29 : 

--·--\ 
161832.88 _J 
149561.77 --
140260.95 
124904.09 
170352~52 

1505636;45 

•• 38ffi3M.22 
1355123;24 . 
3153556~75 --
2877746.513 

E(Q-µ}2= 1175647'17.9 

--~ 

;,, 
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3.4.9 

3.4.10 

Section-Ill 

Summary of various results for Design Discharge 

The results obtained based on the above various methods aoopted are 
tabulated in Table - 3:1 along with the other collected data.' · 

Table 3.1: Summary af various results for Design Discharge 

I S. ! ·I M *h d fl Design . j 
! No I Data Used /Source ! el. ~ 

1
: 

0 I Discharge , 
· · i ca cu,a ion / , 1 

1 ~ cumec l t 
1---·~ 

Mohana G & D site t:g ~ears:n -1 j ; 
i 

(48 km dis of BCL). 

I 
3536 ! 1. r- . 

Mohana G & D site I Gumble 9istribution 
I 

, 2. (48 km.d~s of BCL). 4465 ( 
1:1.. .. 

Mohana G & D site 
Chow's frequency -r 3. ( 48 km d/s of BCL). factor 4975 

. u 
Okhla Barrage 6055 4. (16km u/s of BCL). Log Pearson 

Okhla Barrage (16km 
s. u/s cf BCL). Gumble Distribution . 6330 

• ·r ' . 
Okhla Barrage (16~ ' 

6. u/s of BCL 
Chow's frequency 

6765 factor I 
Design discharge of 

0 ~~9~. 7. Okhla Barrage. -

[_a 

/ , .. .,...,,-
--

Delhi Metro Bridge ( 33 · Adopted Design 
9911. km u/s of BCL ) Discharge 
~ 

·Review of Hydraulic Parameters by Expert 

Based on the above results, design discharge of 9911 cumec was 
recommended by RITES which was got· reviewed •·· by . Dr. S. 
Ponnuswamy, an eminent bridge expert .After detail_ed review; he also 
recommended design discharge .as 9911 cumec. The review report of 
Dr. S. Ponnuswamy is enclosed as Appendix 3.1. 

Recomrne11ded Design Discharge 

After review of the recommendations of Dr. S Ponnuswamy and 
importance of other factors, RITES initially adopted design discharge as 
0911 cumec( fqr __ 1_9-9.Y~a.r~J~turn. pe.~io~).Subsequently after detailed 
deilberation on the return periods to be <,:iddpted, design discharge of 
10000 cu me~ was finally adopted for model study based on DFCC!L 
letter rfr)·. HQ/EN/Bridge/Model Studies dated 24.11.08 (Appendix~ 
3.2). 

~-, 

\ 
! 

! 
( 
j 

\\} 

• • • • • • • • • • 
• • • • f) { r • 

,!) 

• I vr. 
! ,.) 

• • • • • • • • • • • • •• 
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-------------------------. 

Hydn:iulic. Parameters 
,,_...,..--,,_,,...,. Sec!ion·lll 

·---·~- ·--~-··-·------·------~,--·>•--·-·- ----. . 

3.5 HIGH FLOOD LEVEL· 
> 

3.5.1 River flood slope is required to transfer gf'..luge data from nearest gauge 
site to BCL (Bridge Centre Line) for assessing design HFL for the 
proposed bridge and to develop G-0 curve at BCL River slope 1 in 
10400 has been calculated based on water level at BCL and Mohana 
site {May 2008) for transfer of gauge data from Mohana toBCL ----

3.5.2 GumbeVs Method for Mohana gauge data 
, 

Probabilistic variance, best fitting extreme value distribution Type I i.e: 
Gumbers distribution, has been applied on the annual maximum g:JUge 
data of Mohana Site. Th~ calculations are placed below. 

Year Max.. gauge 

I 
-----···---··-···- ······--·' l 

!nvots 'at Mohana (H . ..:.~1) (H -µ)2 
H RLC ml 

. 1984 ... .190_52 -0.36 
o.13L ________ 

1985 190.98 0.10 0.0097 
1986 190.845 -0.04 0.0013 --.. -
1987 188.54··· -2.34 5.483 
1988 

0 

192.26 1.38 ·1.90 .. _ 
191.45. 0.57 i ·ro.323 1989 ... 

1990 190.95' 0.07 0.0047 -·-. 1991 190~34 -0.54 0.293 
···-

1992 191.24 0.36 0.129 
. 1993 190.72 -0.16 0.0261 --=l 1994 191.41 0.53 0.279 

·-~--------' 

1995 191.88 1.00 0.997 I 

1996 191.5 0.62 0.383 
-j 

I 
1997 . 191.42 0.54 0.2.9 3 
1998 190.91 0.03 . 0.00081 
1999 190.75 .;Q.13 0.0173 
2000 191 0.12 0.014 .. --
2001 191 .. 04 0.16 0.0251' ·-2002 190.96 . 0.08 0.00615· -
2003 190.67 -0.21 0.0447 

I · --
2004 190 ·0.88 0.777 -· -·--~'""'--

. 2005 190.85 ·D.03 0.00099 -i 2006 -
190.04. -0.84 0.708 --l 

N= 23 ~=4390;275 I E(H-~t}2

: 11.8~---J 
! I 

Mean Discharge,µ= IJi/N 
=190.88 

Standard Deviation, c:r :::::-./{ lJH-11)2 /(N-1)} 
::0.73 

The factors for the Gumbel's distribution are: 
a= 0.7797 x cr = 0.57 
i; " J.l - 0.5772 x (l =190.55 
For the 100 year return period (T} design HFL has been calcula'.eci ,:s: 
H1oo ... ~ .. a[-ln{-ln{1~ 1fr)}J =193,18 m 
Design HFL trnnsferred to BCL = RL 197 8rn 
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3.5.3 Log Pearson method for Mohana gauge data 

The Mohana data (annual maximum) has also been analysed using the 
Log-Pearson distributior. model. The ob.served values for the period 
1 984-06 have been used. The· calculations as per the R.DSO- Technical · 
Monogram..:50 hnve been carried out and presented below. 

J Year - gaug~ H Hi = logK 
! RL( m) v' 
i 1,984 190.52 .,. 2.280 0.00082024 0.00000067 0.00000000 ~. --·1'90!: -'1 --1-....;;.;;.;;;..;;,,:;.=;;:;:;..;..·-t-'-:;.;.;;;..;;..;...;;..;,.;;..;;..;.......+---'.;;.,;;,,.;...;;;..;;_;...;.....---I 

:----r- 190.98 I _ 22a1 o.000221oa o.oooooooe 0.00000000 
t __ rna6 l ,_19_0_.84_5 +--- 2.281 o.oooosoo2 0.00000001 f()j)oOooooo 

! 1987 i < 188-54 2.275 0.00535731 0.00002870 TG.00000015 
r-·-----t-·--'-'~...:..+-~'--'--+-.;;..;;;.;...;;._...;;._-+-;...;.....---'-;...;.-r--_;...;._--------1 

! 19aa I 192.26 2.284 o.00312a13 · 0.00000919 0.00000003 
[ 19a9 I - rn1A5 2.2s2 0.00129456 o.000001es 0.00000000 

I 1990 iso.95 2.2s1 o.0001saas 0.00000003 0.00000000 

I 1991 190_34 2.2ao o.0012301s o.oooo<>fs1 0.00000000 

f ~-r~·-· -~-:-~:-~:-;---~-:~-!-~---;-i-~-:-:-~-~-11_:-~--~~-~~-~-~-o~-~-~-r-.-~-:~-o-~...,~~-~-~-~--I 
t 1994 191.41 2.282 0.00120381 0.00000145 0.00000000 

1995 191.88 2.283 0.00226890 0.00000515 0.00000001 

I 1996 191.5 2.282 o.00140797 0.00000198 0.00000000 r 1997 191.42 2.w2 0.00122650 o.000001so 0;00000000 
f 1998-~;--~19-0-.9-1·~-~-2.-2-a1~--t-o.-o-oo-o-6-78-7-+-o-.o-oo-o-oo-o~o--+--o-.-oo-OO-Oo-o-o--1 

1-:_ 1999 190. 75 2.2so ·--t-_;;;.o;;.;;.d_;;;.oo.:::.:2:.;;;s.;;;s2.:::.:6'-+_;;;o.:..;;.o..;..oo.;..;oo;.;:.;;;..oo.:::.:9;.+. _.;;.;o._;;;.oo.:::.:o:;..;;o..;..o.;;..oo_o--1 
[ 2000 191 2.28 0.00027256 0.00000007 0.00000000 

! • 2001 19Lo4 2.2a o.0003s350 0.00000013 0.00000000 

! 2002 I 19o.9s 2.28 o.0001e160 0.00000003 · 0.00000000 

f 2003. 190.67 2.28 -0.00047844 0.00000023. 0.00000000 
2004 190 2.28 -0.00200721 0.00000403 ..Q.00000001 

2005 i 190.85 2.28 -0.00006865 0.00000000 0.00000000 

l
h006·-1----1-g_o_o4-+--- 2 2a -0.00191519 0.00000367 -0.00000001 ........ I . I -·-·---+-------;-il-H1---Q-lm_,}"'.-t--E-(H_1_.:.._H_1m~)"'.---i 
I N = 23 I IH1 =52.46 = 0.000062 =·0.00000012 
L:-~--'-~--~_._·---~-'--~-----~~~~"'-~----' 

Mean Log (H} i.e. (Him) 
Standard Deviation (cr) 

= L Hi /N. = 2.28A 
= .,/[I: (H1H1m)2/{N-1)J = 0.002 

Skewness Coefficient,(G) = [N/(N-1)(N-2Wl~(Hi-H1m)~ I <i] 
= -1.2756 

For 100 Years 

L. OG Hr = H;m + KP 50 X O 

= 2.283 

= Kr 100 , FOR G = -l.2756 
::: 1.4020 

Hr 
0 

= ANTILOG (2.283) 
H, ... 191 91 m 

HFL.Transferred to 8CL = RL 196.53 m 

0 .,-,,-~A- »O .,._ A,._,~. 

;n~ t4 

. • • • 
• • • 0 • • • • • • • • • • • • • • • • • • • • • • •• 
• • • • e: 

•' • • 
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3.5.4 The gauge discharge curve was initially developed at BCL by using the 
gauge and discharge data of Mahana site ·.The ·data was found to ~e 
widely scattered on which the regressed curv·e was developed. 
Alternatively an attempt was made to develop the synthetic Gauge -
Discharge curve using Manning's method." The cross sectional area at 
higher water levels accommodating the water spread ever the banks 
has also qeen cansidered. 

The Gauge discharge dat~ thus developed was fouild to be following 
~;mooth pattern at 1.4 krn u/s of BCL. As such, this seCtion appeared to 
be most suitable fotappfyfngManning formula. The river cross .. section 
at this location has been divided in three zones i.e .. left food plain, 
central deep channel and right flood piain for which areaG and wetted 
perimet~rs have been measured on undistorted AutoCAD drawing and 
used for calculations. River bed slope of 1 in' 5300 has been used 
based on the observed gauge during field syrvey. The Manning's 
coefficient n = 0.025 has been used in calculation:· "f" . ' 

' 
The G-Q curve developed (Fig-3.1) based on this data is described by 
following equation: 

Gauge "G" ::: 185.92{0)0
•
0078 

Fig 3.1 G & Q Curve 

199.5 

199 

E 198.5 
E 
...I 198 

. " 197.5 6' 
ii)' 197 O> 
:J 
!'J 196.5 ..___, ___ 

(.!) 

196. ·--·-

195.s-L 
0 1000 2000 . 3000 4000 5000 6000 7000 

Discharge(Q )Cumecs 

Based on the above G -Q relatior;iship, 

Computed HFL for 9911 cumec at 1:~~!<!.!.!.~/sgf f?C?L = R.!::.1~~:I.~m 
Computed HFL Transferred to.BCL = 199.5 m 

The above G-Q reJaticnship was supplied to IR!. Roorkee for proving of mc:dei 
by observing the water levels for !he corresponding r~isc:harge. 

'!··''.'. 
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3.5.5 

3.5.6 

$(1ction·lll 
.~.A" --~. '"-----"'-~-··:L-----~ 

) . 
Summary of Various results of Design HFL Calculations 

I S.N. I Location ·-:····1 Method of calculation .. , HF( ) - I 

j l · RLm 
1. I Mohana gauge site Gumbel' Distribution - / 

! (HFL transferred to BCL 197 .8 v 
I" 48 km u/s) 

Mahana gauge site Log Pearson 

1

2. 
(HFL transferred t9 BCL 196:53 

j j 48 km u/s) . 

'.-3:-·-~;~-eiro Raif Bridg·e-·--r

1 

besign HFL transferrE}}i to..(1 2,02.72" · l 

• BCL , t: 1 
4. --iSYnthetiC G-Qcurve·1 ManninQ·s formula 199.5 ,/J 

at 1 A km u/s of BCL i (HFL transferred to BCL) 
l._ site for 9911 cumec. I · 

'lti. 
"'Note: Due to obstruction caused by Qkhla Barrage (between BCL and 
Metro Brid_g~.l the river bed level might have:·gone up over-aPeriOa of~ 
~myears:-Hence it will not be appropriate to consider transferred HFL 
from Metro Bridge !£Ji~.f.~_. · 

-,::::•,....,...--•-'" .... --~--.. .,,~~ 
Rev!ew of Hydraulic Parameters by Expe1i 

The above calCulations were examined by the expert.· Finally Dr. 
S.Ponnuswamy recommended HFL as RL 199.49 for design discharge . 
of 9911 cumec based on study using Manning's formula. The· review 
report of Dr. S. Ponnuswamy is enclosed as Appendix-3.1. • 

3.5.7 Recommendation 

3.6 

Model was successfully proven for design discharge of 10000 cumec 
{revised design discharge by DFCC!L) and HFL of RL 199.5m was 
achieved for recommended design discharge .. So based on model 
proving a design HFL of RL · 199.5m is recommended for design 
discharge of 10000 cumec. 

Bridge Length with Lacey's Waterway: 

The clear waterway and corresponding bridge length calculated by 
Lacey's formula is as under. 

'· 
Pw = 1.811xcx'10 

Pw =wetted perimeter . 

Q = Design Discharge in cumec 

C =a coefficient no-rma!ly equal to 2,.67 

For present case Q = 10000 cumec 

So, Lacey Waterway Pw = 1.8 l 'lx2.67x'110000 

= ,:,s:J.54 m 

• ,. 

• • • • • • • • • 
• • • • • • • • • • • • 
-· • • 
'I 

• • • • • • • • • • • 
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3.7 

Parnmeturs Section-Ill 

Cle.spacing of pier = 48.1,5m (clear span= 45.?m) 

No. of Span ·= 10.58 spans 

·· Say 11 spans(considering clear span of 45.?m) 

No . of obstruction = 10 ' 

Additional W:Pterway to account for obstruction 

". 
Total bridge length requifed = 483.54+50 

=533.54m 

No.of spans = 11.08 

> 
= 2x1 Ox2.5 (assumed 

widt~/dia of pier) 

·= 50tn .. ' 

Say 11 (considering span length of 48. 15 m) 

Keeping above in view it was proposed td conduct model experiments 
starting from:..a bridge length of !g_$..:..65m (11 ·spans of 48.1'5m) which 
has been discussed in subsequent Section IV. ----- .. 

Navigational Clearance 

Inland Waterway Authority of the India (IWAI) was approached to 
ascertain the vertical and horizontal clearance requirement for 
navigational purpose for the river Yamuna. It is learnt that liver Yamuna 
is not being used· for navigational purposes. Presently there c:ire three 
declared national waterways of IWAr- which do not include the river 
Yamuna (refer appendix 3.3 at end of this section): Accordingly no 
minimum horizontal and vertical clearance is required to be maintained 
at proposed bridge location for navigational purpose . 

lf f 228



~ 
-

I 

) 

I 
) . ~ 

; 
' """" 

) 
' '<./ 

.. 

> 

,? ' 

Comments on 

Hydraulic Parameters for ModeJ Study of 

Appendix 3.1 
(4Sheets) 

Proposed Railway ~.ridge on River Y.AMUtJA •ncnr Tughfa'l«i'b;rp/ Fari<lnbad 
for Dedicated Freight Corridor (D'FC) ·• · 

Introduction 

, RITES have been assigned the job 'of conducting a model study for a bridge proposed 
across River Yarnuna bet\veen Tughlakabad 'nn(1 Faridabad on the proposc,-d Dedicated 
Freight Corridor betwt:en Mumbai and Delhi. They have eh-gaged the UPIRJ to build the 
model and conduct the srudy, for 'which RITES has carried out a detailed topographical 
survey of the river for 12 km upstream and 5 km dovmstream. They have also collected 
hydraulic data for the river from different s.ources. The, river is fairly straight in this reach 
but t11e proposed alignment is slightly oblique to the lay of the river due to other 
constraints. The river 'Ms its origin in Haryana at _the foothiHs 0f Himalayas and passes· 
through semi-arid region. Based on the c6Hec~ed data -and their own field observations 
and subsequent design calculatiof!.~, JUTES engineers have . .' tentatively arrived at the 
major parameters' to be used for the model !:tud;,r as follows;· 

Design flood- Dso 

HFL 

' 

99 l l cumecs for wntenvay ./' 
ancrf2/4TcumecTorfoundation design ./ 
-19739 m (further revised 'as 199.74) '/ 

They have asked for a review qf the same, particularly on the approach adopted on slope 
apart from confinnation on Design discharge and HFL. , 

These have been studied in derail and following comments and recommendations are 
offered. 

Bridge site 
•, 

Proposed bridge is to be iocated at t.5:15 km downstream of Okhla barrage near 
pe!hi an~ 48 km upstream of. Mohana Gauge. Dls~a_"ge.,site. ruv'er-IBnd;n·, a major 
tributary of'ihe river, joins Yamuna just upsfrean) cifMohima. There are a number of 
Railway and Road bridges in Delh·i and environs Uf>stl'e<}m of Okhla barrage. Of these, the 
ones built for the DMRC's ISBT- Shahdara line and the oaeforNOIDA are recent'ones~ 
The former had been builtjustupstteat:nofth~JSJ3TRbad b~idgeatld it was builtbas~d 
on Model studies done in the CWPRS at Khadakvasfa. The waterway of DMRC bridge 
near ISBT has been designed for a flood discharge of99I l cumecs. Well foundations for 
same have been designed for 12743 curnecs. The NorilieiilR.ailway's most recent bridge 
on the river neru:~n-(als,~- UJ?_~":!a!Jl of <fkhl<l"b?}'tM::l on, their freight !:>ypass 
line ha.:;, it is learnt been designed for u discharge of 12743 cumecs (presumably 
foundation design discharge) , 

1 

. ' 

• • • 
• 
• • • • • • • • • • 
• • • • • • • • • • 
• • • ., ., 
• • • • 
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Th~. leff b~k df t.he river is not shatplr .d~fi·f:i~U~ ·'t>lit tb.ere ai;; dykes I Jnru:.gj~ 
·builds on either side. The right bank is 111ore sltai.P~Y·d,~_filf.il!d aria hi-gn~(fu.an,1e.f-t bank 
difference in leveJ being about 2 metres. During I\ro~tfs the flow spills ovet and imrnz1ates 
tn'ti'·catirifrys1de on both Sitfos but mo~e: on left bc!rtk> the tO:pography of the ground being 

' flat. Considering the size of tne river anq configuration as can be seen frnm the map 
supplied, the reach within the flood O.yki;is pFopo"Seu to be included for the model srudy is 

· quite ad~quate. 

, . Catchment area at site is 17950 sg .k.Jr1.at Okhfa and 27, 73'0 sq J<..at Mohann. The 
large difference in a s!~ort length of 63.25 km is due to confluence of Hindon R'T::er in 

·between the proposed site_1.md Mohana site:--

Hydraulic data relied upon 

RITES. engineers have collected the discharge data for Okhla Barrage 15.25 km 
· upstream for 8!!._xears ~n.d for Mohana gauging site 48 km downstream' for 23 .r!~: 

They have also collected stage discharge datil for the gauging sites at OkhJa andMOhana. 
~ed levels and ·water levels have been observed at Mahana ,for May 200K Flood slope 
computed using this data comes to t in 10399. 'This has been rechecked with more 
comparable data on specific dates and revised fit;,fure comes to. l in 8 Jd9. 

in addition bsd levels and water levels for a.month (Aprll- May) have been 
observed at a point !b.1Jg,p upst,tepm and 4.8km do\~~am. fur attit'ihg at flood slope. 
C1ose to bridge site. This works out to 1 in 5§®. -- ___ . ., · 

~¥ ~ - ,.,.,.., ...... .,. " •• ~-~ •• "" - •• <-'~" ~"'.,,,.,...__ 

The discharge data from Okhla mtrmt~n.q Mohana gau¥~~ave 2~~-Y§..~d 
to '"'.o~l_<: ~~~-~<?.-~,~!&1J1()9~,J:Y1!~;...~JOOJ.!~r-t~~1l.:R~.!Le-:: fonmiving at l 00 year 
return period flood. They have been compared wiih the Design flood used for the DMRC 
.bridge upstream anq highest has been recommemred for design of the proposed bridge. 

· The gauge discharge dota at Mohana have been used for plotting Gauge discharge 
curves. They have been used to predict the HFL with 50 year return perio9. By_ applying 
the fiood'slope mentioned above, RITES engineers nave triea to arrive at the design HFL 
at proposed site. According to these computatiqns, the design HFL .·works out to 
197 .50.Sim~!ar computations done for 100 year return period resulted 5fi' I 99 .105 as 
~HFi. -. --- --~ --- ~- · - -------. . ------·~--

...-.> _ ___.____... 

Subsequently RlTES engineers have' subs~quently; after the undersigned review, 
'\ worked out HFI:, .. by sfo:pc area method using Mmm.fog>s formula for passing design 

\discharge of 991 l cumecs and found that the HFL for that discharge wouJd be 199.74 
\ • .• . ' __ ,...,,..,..~.--y, .. 

\without taking into account scour. · ----· · - , "' -··-
~-~-t;<.,---~~~~----·,. 

Following comments are offered after study of all data and some additional 
computations. 

Dcsigil Flood 

2 
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Design flood with 50 year frequency has been arrived at by using three different . 
mer::ods viz., Log Penrson, Gumbel! .and Chow. It is felt that not much reliance can ·,be 
made on usage-of Tile data trorTI:i-.,foharia·; Gauge site ·for. design of this bridge for , 
fo1Jowing reasons. 

There is large difference in catchment area and despite th.it fact the figures are 
consistently much lower at Mohan~ than th¥ discharge at Okbla for correspo!ld~ng 
periods. At the same time, one has to consider the fact that a number of canals take off 
from the river upstream of .and including Okhla barrage. ~t is nJ~o_ f()r ~~orter_p~rio.d:.h ·-; . ~f , 
Hence computatiorb,based on Mohana site data are not consictered]:iere~ ·~ .. _.~ ~·""·'"""~·~··· II "· · • 

~--~-,-~~~::.-:.::'."":.~-:, '";.'",<.·~:--:,_,.,,~,~ ... ";""'~"'S1.:...:.· "~':: -:.;.~·.7'_,;,_',,:,..~4~!:-1'=.-.:.":.";. -".'"";::tnr}<-~,,.t:_, ..... , .... "'' -~ ~, ·'·. -~=, , ~ ~ 

Most relinblc method is to use unit hydrogrnpp. Jn absence ot' required direct 
observations and this is not be possible. The area is too large for deriving any single 
synthetic unit hydrograph based on RDSO Monograph No. 50. The existing bridges, built 
about 20 km upstream have been designed for a design flood of 9910 cumecs and 
foundation design dis~arge varying from 12743 cumccs to 14865 cumecs. To stim up , 
the different methods give results as given below. 

Okh la Barrage dnta - Log Pearso.n l 00 year flood .. 6055 cumecs 

Okhla Barrage data- Gumbel Distn I 00 year flood 6330 cumecs 

Okhla Barrage data- Chow's Frequecy-100 year return 6165 cumecs _ .. 

Old1la Barrage data: Design discharge ~cumecs 

Okhla Barrage data- Actuql maximum in 8·8 years 6627 cume~s -
Design discharge of Northern Railway Bridge and 

DMRC.Brid$es near Okh!~ · . 99Hcumecs 

r >. ~·,;-··''? , ''lrhe highest is. the design discharge adopted for the railway bridges :pstr:am. It is 
logical to adopt the maximum of these values. It appears the river has sigi'.lifieant valley 
storage in this area as observed from the discharge data comparison between Tejawala, 
Okhla Barrage and 'Mohana Ga~ge si,t: for _C<:)ff,~P.~I.!.~}!.:g .~,!=!?-~ .~~g~:. ~.--... . · · · · 

Considering the importance of the bridge and· its position downstream of a 
number of bridges designed for higher disch~rge of 991 l cumecs ~ a design 
discharge of 9911 cumecs for waterway and 12743 cumecs· for foundation ddsigns as 
adopted for the railway bridges upstream may be a_dopted. In fact. this.figure hasbeen 
recommended by ewe for the railway bridges mentioned above. . 

Recommended Designjlood 

,, 
,J 

9911 cumecsfor Waterway 
12743 cumecs for foundation 

.; 
• • • • • • • • • 
•• 
• • • • • • • • • • • • • • 
• • • • • • • • • • • • 
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Design HFL 

·t'\ppcndi:x 3.1 
(Sheet 4 of 4) 

RITES has developed gauge discharge curves for !he gauging site nt Mohana and 
regressed the ctlrves upto proposed .design flood discharge to arrive at .likeiy BFL at 
,respective sites. By applying the mean slope obse:i;ved between different sites, they h~we 
interpolated the likely HFL at proposed site. Based on the HFL records for 23 years at 
Molmna, the 100 year return period HFL has beet1 worked out using statistical methods at 
Mohana as follows. Corresponding level at BCL has been arrived at adopting a· Hood 
slope ofl in &100. 

Log Pearson method l9l.9l + 5.925 ;;;;]97.835 , 

Gumbel's method 193.18+5.925 ,,.., 199.!05 

Alternatively, since actual cross section at site is available, the likely BFL that 
will be reached at this high discharge has been worked out, developing Synthetic Gnuge­
Discharge curves. The~ have been developed for the sit_e using the surveyed· .cross 
sectional data and the observed flood slope of f in 5300 mentioned above. Wh11e doing 
so) the extra cross sectional area of coverage du~ to ~rspreaainffover the bank e.dges 
has· been considered. Width of ~owing w~ter considered at higher stages is· spre.:id 
between t~e dyk~s. The regime wi~tn (width bctWeen.high ban~~) is about 400m, 
beyond which there will be shallow depfili, of flow at high fl()ods extending t.tpto flood 
bunds. Discharge at'various stages.has been worked out with n= 'o.25, using Manning's 
Formula. It has been done taking into consideratfon the additional area of flow likely due 
to scour at higher stages -Of river. As per Consultanf s view, at floods of such magnitude 
in a river with alluvial bed, scour will be present nt such! high .discharge .level. GD curves 
have been plotted· and regressed. When the bridge is put in, some afflux is· likely to 
develop and the same may be derived based on the observations in model. 

Estimated HFL for 9910 cnmecs without considering scour 
Estimated HFL with 10 % scour 

199.74 --1 _?9 . .1;9_ 

It is recommended that HFL of 199.49 can be aclopted for the model initially and based 
on afflux, final design HFL determined. It is noted that the flood bund crests are at 
199.78 and the estimated JWL, which wrn correspond to-an extraordinary one will still be 
berow the same. Need for raising the bund may be decided after confirn1ing these levels 
and affiux by model study. 

Width of area for model study. 

Survey has been done .from flood bund to flood bund. The left bank is lower. The 
mode! should cover the ftrll area botmcied by the flood bunds and extending for 17 km 
length s1Jrveyed •. 

5.-f~~ 
( ~ • (.. /tfl'-N .$. ,_.,;. .. r T ! 
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~n Jk. <t>faiix CfiftTfuR ~ ·~ ~ . 
('JflWr mcliW <ff( f3Tl'iP7T) 
Dedicated Freight Corridor Corpor~t(on off ndla Ltd . 

'(A GDvernl1l6n!_ol lnc!ia fntarprlss) 

surinder l<aul 
Group General Manager 

) Design. 

No. HQ/EN/Br,idges/Model Studies Dt.24-.11.2008. 

Dear .:.hri Mohan, 

Sub: Consult<mcy on Model Studies of Five important Rtver Bridges on DFC. 

r\cf: 1. This office fertef nO. HQ/EN/Bridges/Model Studies dated. 01.10.2008 
2. RITES letter no. RITES/RCED/DFC-Model Studies/18 dated .29.10.2008 ................ 

Considering the flood data available .an.cl calculated values of 50 yrs & 1.00 yrs highest 
flood, followi,ng design discharges be considered for model studies & designs for five 
important bridges. 

I S. No. River Design discha'rge 
f 1 Sabarmati 15;000 

~ Narmada 72,000 
0 

I 3 Yam.una (Farfdabad} 10,000 

I 4 Yamuna (Allahabad) 56,000 l 5 I Tapi 43,000 

With best wishes, 

· J Shri Ajal Mohan 

Yours .Sincerely, 

{Surl:!t.r Kaul} 

·; Group General Manager/Civil{RCED} 
fv1/s RITES Limited 

l Gurgaon - 122 001. 

,) 

) 

----,-------'----- ---
1/-1:1600· 'ctoro' · .,1. •t-z?4547n" 

Rfi:.'t~vtV.if.~~;:• ht"l'l ;. , , 
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4.1 

4.1.2 

4.2 

4.2.1 

Section - IV 

Hydraulic Model Study 

INTRODUCTION 
' 

Modeling by scaling down the g~ometrical dimensions of river. 
structures and other temporary I permanent features tci validate it for 
hydraulic behaviour of the river, is a convenient method of predicting 
f he river behaviour with and without human intervention. Owing to 
number of complex factors affecting the hydrological structures. 
odequate answer to vc::iious problems cannot yet be obtained by 
analytical methods. Small scale hydraulic models have, therefore, 
become effective and handy for design engineers as it is possible to 
impose design condition on the model for any number of times and 
sufficiently for longer duration to have thorough testing. In order to 
revise/modify the conceptual designs and to get a better feel of the 
river in pfu-bridge I post bridge conditions, physical model study is 
valuable to arrive at guide lin~s for an optimum design of various 
bridge components and river training/protection measures based on 
the river configuration t?sted to the model. · ' 

For the proposed five important bridges on detoured portion of 
dedicated freight corridor, the hydraulic model studies have been 
carried out at Irrigation Research Institute, Roorkee. 

ENGAGEMf::~T OF IRI, ROORKEE 

IRI, Roorkee is one of the most prestigious hydraulic research 
institute in India. Accordingly, as per the agreement with DFCCIL, 
Irrigation Research Institute, Roorkee was engaged by RITES for 
taking up the model studies for river Yamuna at Tughlakabad. 

The following terms of reference for carrying out the model studies 
i,vere advised to UP-IRI: 

1 ) To lay and prove the Model based on the Survey Data & 
Hydraulic Design Parameters as made available by RITES. 

2) To test the model for various alternatives for obtaining the 
satisfactory flow conditions and to determine the most 'suitable 
axis .of crossing, optimal waterway/bridge length, , discharge 
intensities; velocities, scour pattern and afflux along the bridge 
and at critical locations. 

3) Ascertaining suitable configuration & layout of the Guide Bunds 
or other River Training & Bridge Protection Works. 

The following data/drav1in~1s were made available by RITES to !RI. 
F~oorkec to construct a physical model and conduct the studies 
thereon: 

• • • •• 
• • • • • 
• • • • • • 
•• • • • • • 
• • • • 
• ·• • • 
• • • -• • 
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4.2.5 
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4.3.1 

4.3.2 
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Section -

Top9graphic survey plan (1:10,000) of the river of year 2008 in 
the reac.h between 14 km upstream to 5 km downstream of the 
bridge. 

River cross sections (1 :2500 H and 1: 250 V) in the above 
study reach at 20b & 400 m interval. 

The design discharge of river, ~0,000 cumec. 

H. F. L. at design discharge= 199.5 m. 

River bed slope = 1 in 5300. 

Gauge-Discharge curve of the river at 8.~.L 

Gauge-discharge (G-Q) curve of the river Yamuna at the proposed 
bridge centre line (8,C.L) was supplied by RITES. From this G-Q 

9~ .... t~e __ ~!~-9.~~-9J~~~f!}.!L.~~~~~ !~J!!~.2[L~t9.!!t~~l~, in the upstream, 
. of ts.C.L at km J.:..4L .. =!JLgaD£Lp.8JV~f~Q.~Y.§!sme~L2Y IRI Roor_kee fo,r 
proving of the·model.and ·conducting onward experiments. · 
_..,.....-,~ .. ---' ~ ,,. ..... ,... ....... "'~'~ .... ,· .. --;to,f~'"'"'·"'""'"-•''·;..<"'"""'"'...,,,..,,..,.,,,,,..,~~ ,.~ ,, ..... ,·:·~.' ,.,, ........ ,·. ,,. •. , ,•, ,. ' . 

IRI, Roorkee developed an arbitrary single peak flobd hydrograph 
having flcr.od peak of 1 o.ooo cumec for the purpose of testing each 
proposal of the study under simulated flood conditions. 

· The details of model studies and findings have been discussed in 
~~bsequent paras. The hydraulic model study report of IRJ, Roorkee 
has been placed under Annexure 4.1 .. 

THE MODEL 

As per the survey drawings/data supplied by RITES, a distorted or 
. vertically exaggerated physical model with mobile bed and rigid 
banks was built on the.following scales; 

Horizontal 

Vertical 
Discharge 

1:250 
1:30 

1 :41,080 

For the purpose of conducting model study, the supplied entire river 

~~~c~_Jrom.~a:LJ:IR.rut~~m.JP "~ .. :lim~Q.Q~f!.§1L~!!1-9L.~~~- l?EgP..9.~.~.Q. 
·bridge was rep~QJnJ~modeLAH existing pucca works such 
as flood d'Yi{es on banks as well as cultivated area and forestation 
etc. were also represented as per the .drawings· $upplied by RITES. 
The' river bed in ;the model was laid (dressed) in locally available 
sand and was made.to conform to.the supplied river survey of the 
year 2008. lhe diScharge fed into the model was measured with a 
sharp crested weir arrangement provided at the head of the model. 
During the running of model, the surface water levels and flow 
velocities were measured with the help of a scale graduated 
according to the vertical scale of the model and current meter 
respectively. Tho surface flo1N lines were observed by making use of 
suitable floats. ·(' 

PROVING OF THE MODEL 

4.4.1 All existing ground features were repHcated in the mode;. Further , 
the river bed was dressed to conform I'> the river survey datn of the 
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4.-1.2 

4.5 

4.5.1 

4.5.1.1 

4.5.1.2 

4.5.1.3 

year 2008. Fine cohesive clay was used in laying the river bed in the 
model to make it !east erodible as per site conditions. The ground 
levels of the flood plains on both sides· of the river were represented 
in accordance with the supplied fly levels. 

,i\fter preparing the model according to the supplied data, the 
arbitrary flood hydrograph having a maximum peak of 10,000 cumec 
was run in the model. Various flood stages varying from 1000 cum~c 
to 10,000 cumec were run in the model maintaining corresponding 
water levels at 2.0 Km. downstream section. At each flood stage of 
river, the water !evel3. were observed at downstream, 8.C.L an'd . 
upstream sections. These water levels were founq to be in· close 
proximity of the theoretical water levels computed at these sections . 
using slope of 1 in 5300 i.e. 0.189 m per kilometre. The flow 
conditions in the model were found satisfactory and resembled to 
those at the site. The model was. therefore, taken as proved. Details 
of the test conducted are available in Annexure - 4~ 1. 

MODEL JNVESTIGATIONS 

STUDY ~1 : UNDER EXISTING CONDJTJONS (Without Bridge) 

After proving of the model the river bed was dressed again , 
according to the stJpplied river survey and fly levels of the flood 
plain. The arbitrary flood hydrograph having a peak of 10000 cumec 
was run in the model. · · 

During the running of adopted hydrograph, it was seen that up to 
about 3000 cumec discharge the flow remained confined wjthin the 
banks of the river, but for a discharge more than 3000 cumec, the 
water overflowed both the banks and spread over the flood plains. 
As the khadir on the both flanks had almost same levels, the flow 
soon reached to the flood dykes on either side. On increasing the 
discharge upto 6600 cumec and further, the main river flow in the 
upstream of the proposed bridge deviated from its original curl/ed 
path and took a short-circuited route along the rjght flood dyke over . 
the flood plains. Such a shqrt-circuiting by the river made the flow 
oblique on to the bridge. The surface flow lines were observed at 
3300, 6600 and 10000 curpec discharge respectively. The 
corresponding flow velocities at various.critical points along the both 
dykes in the upstream and downstream of the btidge·were observed. 

At higher discharges it was observed that the existing flood dykes on 
both banks got overtopped at several. plac~s. Therefore, on the 
recommendation of the site engineers the height of both the dykes 
were raised adequately in the model so as ·to ensure no spilling 
anY'.vhere over them. Thus the entire flow. up to- the maximum 
discharge remained completely confined witf!~n tl1"' dykes on both 
banks. 

STUDY-2 : With Bridge 529.65 m lor.g (11 spans of 48.15 m) 

A 529.65 m long railway bridge h2ving 11 spans with pier spacing @ 
48.15 m clc ·.v3s initially :~·:sted in !he mode! on the basis of Lacey's 
water'.vCly for the maximum discharge of i0,000 cumec. The bridge 
·nith the approach embnnkments \Vas constructed as per supplied 

I 
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4.5.2.2 

4.5.2.3 

4.5.3 

4.5.3.1 

s~ction • ;v 

alignment drawing of proposed track. The !aft abutment of the bridge 
was positioned at a distance of25.0 m from the left high bank line. 

After inc:o~porating the above proposa! in the model, the river bed ln 
the model was again dressed as per the supplied survey data. The 
adopted hydrograph was rim in the model and .the surface flow· lines 

·.wem obser\led at ~he maximum discharg·e of 10000 cumec. These 
flow. lines along with the velocities of flow were observed at various 
critical points along the flood dykes in the upstream and downstream 
of the bridge. In the upstream ~!Jh~.J>ridge, t~e raised water level 
were observed atre:"toitftffilffux caused after the construction of 
ondge and therailway embankment At' the discharge Of~-~Q:.Q.§JlQ. 
ancr11f,"ooo curne<nne·rrow~'Ve'iOC!ties acrosS'llW-proposed bridge 
were ~fso·@QQ:ciiesUoJfi§..c§nire6feach bay. · ·· ·· · · , · 
-- ·, ' .. ~..,~-~ .... --....-~II-

The study of flow lines at the maximum discharge in the Study - 1 & 
2, it could be seen thatthe dirnction of flow approaching the bridge 
has been changing after the construction of a·pproach embankment. 
Thus, in the ups1ream of the proposed bridge site, the river instead 
of flowini between the river banks earlier was converging along the 
approach embankment and pass eventually through the bridge only. 
This was obviously due to the construction of railway embankment 
and a bridge in the path of the river flow. However, the obliquity of 
flow in the bridge bays was high which indicated the n~ed of river 
·training work especially on the right bank. Accordingly, it was 
decided that a guide bund suita,?]X slantin~~..YJLQ!lll!:!~ .... t.>lli!.92...P-.~ 
provided on the right bank in the upstream which would smoothly 
guide the flow JinJ9_!he brid~ 1Vfo~~J£jak~LGflrJLPf Jh.i!lo~·.-
65Jigui.tY: on to ·the left b.£illk_.too .... it wa.~ .. ~~gJe1!..!2.,£2~~~~L~_lef! . 
guide bund that would deflg,14tJh_~Jl9~Jy!!bgt:JQ.W.sU:.c!~J?.£!29e bays. ..,...,_.,,,_ ... .,..,,.....,..~, _, ... ,..,....,.,....__ ., . . ... _,.,...._.,,..,~ 

STUDY-3: 
(i) With Bridge 529.65 m long (11 spans of 48.15 m) 

(ii) EJliptfcal Guide Bunds·with circular head on the upstream 

As mentioned in the pre~eding paragraph, an elliptical guide bund of 
u/s projected length 2~0 m conforming to part of an ellipse 

x2 Y2 ·· 
-+-- = 1 followed by curved head of radius 225.0 m and 
3002 1502 

sweep angle 45° was constructed in the model on the right bank to 
guide the flow· smoothly towards the bridge. Al~o. ~P. the flow in the 
upstream was highly oblique to the proposed bridge alignment, 
therefore, for ensuring non separation of the flow from the guide 
bund and having the fiow closely following the profile· of the right 
guide bund, the right guide bund was rotated in the plan to 30° anti­
clock wise. On· left bank, to deflect the flovi towards the bridge bays 
and also to render the approaching flow to be streamlined for 
passing through the bridge, an elliptical guide bund conforming to 

. x< y2 
part of an elilpse ---+-·-- = l followed by curved head of mdius 

400 2 2007 
' 

100.0 nr ,·?;irl. sweep angle 45., ·;,.'.:is provided in the upsl;earT of the 
bridge. ln thr:: downstream. the projected length of each of the ;;uicle 
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bund was kept as 128. 6 m with curved tail of R = 
sweep angie e = 45°. 

Seer 

100.0 rr 

The above proposal wc:is incorporated in the model and its bee 
re-laid as per the supplied survey of the year 2008. The cidc 
hydrograph was run in the model. and the surface fioy1 lines 
observed at the design discharge ·10000 cumec. These flow 
along with the velocities of flow were recorded at various c 
poirrts along the flood dykes. At the discharge of 10000 cu me< 
maximum velociUeSOESe~ along the left and. right guide t 
were 2.80 mis and 2.99 mis respectively. No measurable ve 
was observed anywhere along the·approach embankment. 

., 

At the discharge of 3300, 6600 and 10000 cumec tne velocitief. "· 
discharge distribution across the bridge bays were observed. A .: ;:. 
design discharge 10,000 cumec the maximum velocity of the ord:-Y 
of 3.18 m/s with corresponding discharge intensity of 35.69 cumec/n_; 
was observed in the 9th bay from the right abutment of the bridge . 

A study of the above results indicated that after introduction of guid::: 
bund on each bank of the river. the flow along them was quik> 
smooth and closely followed ·their profiles. The left guide' bunci 
effectively dive1ied the flow throl!gh the bridge .. This diverted stream 
following the profile of the left guide bund -merged with the, main 
oblique flow in the upstream of the bridge and thus helped a~tivato 
the rightmost bridge bays. At the end of the curved head of right 
guide bund somewhat mild rotational ilow was observed due to tlu:: 
abrupt ·difference of \~ater levels on the opposite 'faces of thelguld<~ 
bund. This indicated the requirement of an increase in the Jepgth of 
the curved head with greater curVature and sweep angle. At th~: 
design discharge of 10,000 cumec, almost no flow was observed 
near the end of the curved head of the left guide bund. Therefore. on 
grounds of economy it was decided to curtail the curved length of tho 
left guide bund by means of reducing 1he sweep angle suitably. 

STUDY-4: 

{i) With Bridge 529.65 m long (11 spans of 48.15 m) 

(ii) Modified Ellipti~al Guide Bunds on boUi.flan~s 

In this study, the upstream elliptical guide bund on the right bank 
was kept almost same as in Study~3 but the curved head was . 
modified to have greater curvature and sweep angle. Thus, as 
compared to Study-3. in the present study the radius of curved head 
'R' was reduced from 225 to 80 m while the angle of sweep was 
increased from 45° to 90°. Moreover, as mentioned above, the 
length of the curved hend of left elliptical guide bund was curtailed 
by about 50 m. Thus on the left bank a guide bund conforming to 

: 1 

part of. an ctiipse ·-~--;-- ; .. )'··-:~ :::: l followed by a circular head of 
~1·5ir I 7S-

radius · R = 100 rn and :~>weep angle 30° was provided in the model 
to effectively divert the approaching ob!ique flow towards rrght and to 
.oass !hr.ough the brici~e bays. In the downstrearn of th.e bridge, 

• • • • • • • • • • • • 
• 
• • • • • • • • • • • • 
• • • • • • • • • • • • 
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4.5.4.2 

4.5.4.3 

4.6 
4.6.1 

4.6.2 

4.6.3 

Scciion ·IV 

however, both the guide· bunds were retained to be the same ns 
provided in Study-3. 

With ~he incorporation of ab.ove modifications in . the layout of the 
guide bunds, the river bed of the model was' re-laid as per the · 

~ supplied river survey. The arbitrary floo
0

d hydrograph was run in the· 
model and the surface flow lines were observed at the 10000 cumec 
discharge .. It was found that t!Je flow conditions in the present study 
were quite smooth and stream fined as compared to that in Study~3. 
No . cross . flow was obs.e,ryed along . the approach embankment. 
Based on the afflux observations on the model; the design H.F .L at 
the design discharge 10,000 curriec has been observed as 199.7 m: · · 
-., ..... , ""' ~-- ,~ ..... '" v ,. ,,.,. ._, '"' " " "' 

At the discharge of 3300, 6000 and 10,000 cumec the discharge 
intensities and percentage discharge distribution across the bridge 
bay~ were observed. 'A study ofthese observations showed that 'Nith 
the above modification in the layout of the guide bunds, the 
discharge distribution across the bridge bays has improved over tha 
corresponding results as observed in Study-3. .The discharge 
intensity in the end bays of the bridge increase to some extent. The 
maximum~concentration of discharge was seen in the 10111 bay from 
the right abutment where the maximum discharge intensity of 37 .38 
cumec/m was recorded at the design discharge 10,000 cuinec. -~ 

. ... , . .,... •' '~ '· "' ~ .~ .. ~-·,..-·-

oiscus.sroNS 
lt was seen during the study that the height of existing flood ·dykes is 
not adequate at. few places as at higher discharges the flood water 
started to overflow dykes at these '.P .. QlD1~· As such the dyke~_,..9.!1 
eit~:::J?.~[lk~o~fd be rYff~t_!y raised~c:tb2,.V~'"!,h:e v!'at~r !e.v·~foJor 
tlie maximum nver discharge 1'0J)OO cumec. The water levels 
ooserved~long.Jhe rai'Sea''dykes' ma'y"b'e'ref~rrid for planriing'raisfii9 
the 'dykes:- -~- ·· ... ·--··- ---· 
.......-------
The flow in the river remained well confined within the channel only 
upto the discharge of abqut ~300 cumec. At higher .discharges the 
flow started to spread over the flood plains and rea.l(hed flo~~-~yk~s 
on each bank. At a qischarge of more than· 6600 cumec, the flow 
lnsleaaOTfottowing the curved loop of the main deep channel, rather 
took a short-circuited path. Thus, due to deviation in the path of 
approaching flow at higher discharges, the flow in the upstream of 
the bridge became highly oblique to the bridge. In order to effectively 
divert and guide this oblique flow towards the bridge. elliptical guide 
bunds had to be provided on either bank . 

At the higher discharges as the flow spreads over the flood plains, 
the river width is governed by the flood dykes on both banks . 
Therefore, in order to ensure the fiow to conform well to the profile of 
the right guide bund as well as to improve the intensity of flow in the 
rightmost spans. a splay of 30° in the anticlockwise direction was 
given in the upstream right guide bund. 

4.6.4 Lacey's method was adopted as a guide to deterrnine the bridge' 
waterway. Trials with different bridge spans were carried out and 
eventually 11 nos. of spans @ 48.15 rn etc spacing of piers along 
v;1ith the elliptical guide bunds have been found to be the optirnurn 
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4.7 
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4.7.2 

4.7.3 

Section - IV 

The photographs of model running for vario.us proposals, as 
discussed above are attached under Figure 4.1. · 

·CONCLUSIONS , 

The studies conducted ·on the physical model . as described in the 
above paragraph revealed that ; ~ 

A bridge of 529.65m length .comprising of 11 equal spans 'of length 
. 48.15m each is 0 suitable for construction at the ~roposed location.· 

' . 
For" obtaining the satisfactorily flow condition through the bridge, 
guide bunds on both the ·sides of the bridge have been found 
necessary and accordingly proposed to be constructed a{ong with · 
the bridge. · 

The· existing flood dykes will not be adequate at certain location to 
hold the design discharge of 10,000 cumec. Therefore, the flood 
dykes shall be 'required to be raised suitably as per the wafer levels 
observed along the dykes at the design discharge under the final ,_ 
configuration of bridge with both the guide bund in place; 

() 

• • • • • • • • • • 
• • • • •• • • • • • • • • • • • • • • • • • • • • • 
• 
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FigurP 4.J 
(4Sheets) 

Study 2 - Bridge proposal with iJ__spans of 48JS m nt n discharge of 6600 cmnc_s 
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., Study 3 - Bridge. urQ~osal 'Wit?1 1 l spa.ns of 48.15 m and elliptical Guide bund on both 
. " banks at a disch:u~ge«)f 6600 cumec 
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;Stmlv 3 - Bridge [!n>ROSnl wit~1 11 sp;.uis <Jf 48.I Sm ~md_dlj_ptical GnLtl.£'.}.?.!:!Rt.Li~J.lJ:r:tJi 
!lanks at ;1 dischnr~of 10000 cum£_t; 
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Study 4 - llddgc proposnl with B spans of48.15 m and elliptical Guid~bund on both 
banks at a disch:u·ve of 6600 cumec - . . 

_' :uj~:_4_ - Bridge pn}pos:d wilh 11 spans of 48.15 m and elliptical Guid~'. bunt! nn hoth 

l'i!_!l!S.~!-~! :1 diselrnroc· of !0000 cumec 
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5.1 

5.1.1 

5.1.2 

5.2 

s~ction. v 
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Section - V 

Summary & Recommendations 

• •• 
• • • • • • 

BRIDGE SITE • 

The proposed bridge site is over river Yamuna between Delhi and • 
Faridabad located at about 16.0 km. dovinstream of the Okhla 
Barrage. In the stretch downstream of the Okhla Barrage, the river • 
Yamuna flows in a wide khadir width confined within the flood dykes e 
(having .§!_V. Top at RL ~97-198m) maintained by. Upper Yamuna 
Division ot UP Irrigation Department. Within thE'i<:confines of these e 
dykes, the river fIQWS in narrow water channel(s) during the lean • 
season as almost entire flow is retained at Okhla Barrage and 
diverted ~o irrigation channels. However, during the flood season.. 9 
most of. the gates are opened at the barrage resulting in ·substantial 
flow in the downstream reaches touching flood dykes on both· the e 

·banks. The proposed DFC ..9.!l9.D.!ll.S:JlU~,,.,~f9§§.LIJ.9 ... th~ .. r!Y.~£~e.en • 
flood dykes in serpentine pattern, however, following a straight 

-mignmem ooiWe'en.tneproposeOTbcations of the abutments. ~ \ , • 
proposed bridge is being sited covering ad?.QJJate river widtb . \ :. <·~ 

. ~~R!lill09 PJ!~~JW]~[i(B'IBCilaI.ruLarut~·a·-accommoo~tes the I\\ ·: -~-:.: e 
f!o~of the ti~,,~9l1rif!g non flood.s~ason: , :, 
Durin_g the field survey, the rTVer"Rnaciir on the~lett nh8nght bank· of e 
flow was found to be varying ·from BhJ,§§:.1 fTl..iQ.. Rh_J~7 .. ~!Tl· The e 
water level was observed at RL.1f!-1.:1.2JD during the month of survey 
i.e. May' 08 which indicates the position of water level in river during e 
the non flood season. 

As stated, during the high flood the discharge in the river is normally • 
found inundating the entire khadir width within the oonfines of the. 
flood dykes existing on both the banks. The water spread at high • · 
discharge is directly governed by the discharge released in the river e 
from· the Okhla Barrage. F.QL~he . .PI9.R9,~ed_ .bri99~ .. t,tJ~.~-&~s!g~n 
discharge has been estimated as 10.000 cumec. At that discharge, e 
the eStimatea E_esignf]OOdleveTis-R( 199~ which is about 2m 
higher than the general top. level of tnelig9g pyke~, In order to • 
decide the required bridge length, number of spans, location of ·· 

, abutments on boih the banks along with the required river training • 
works, if any, the hydraulic model study has been carried out. The e 
detailed computations of the hydraulic parameters have , already 
been covered under Section-Ill and subsequently, the details of the e 
hydraulic model study conducted at IRI, Roorkee has been covered e 
under Section-IV. The outcome of the said model study and 
recommendations thereof are given in the succeeding paras. e-
OUTCOME OF THE HYDRAULIC MODEL STUDY 

;: 2.' As already explained under preceding Sections, based c•n the 
Lacey's waterway, the estimated bridge ir.;ngth was tested on the 
model under varying How conditions with ancl without the training 
:neasures The span length of 48. ·j 5rn CIC 0f . piers has been 
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Summary & Recommendations 

considered by RITES based on the ctear span of 45. 7m as intimated 
by DFCC!l vide minutes of meeting held on 21.07.08 forwarded vide 
letter dated 29.07.08 (Copy enclosed as Appendix 5.1 at the end of 
the section). Accordingly following options were put on the mode! for 
testing 

1. 529.65 m { 11 spans of 48.15m) without Guide Bunds 

- Study No.2 on the model 

2. 529.65 m ( 11 spans of 48.15m) with Guide Bunds 

- Study No.3 on 1he model 

. ~~/ 529.65 m ( 11 spans of 48.15m) with.modiry~d <q.uide Bunds 

- siuc!y No.4 on the model 

After various experiments on the model, the performance of bridge 
~th of 529.65 m {11 §Q.<!Q.s Ql413J.5m) with modified Guide Bunds 
as tested under third alternative was found to be most appropriate 
for the 1Jroposed location of bridge. The proposed chainages of the 

~eft abutment works out to be at Km.:.J1LZ29 .. Ji5.. and that of right 
· ~~UVO[Ji~_Q9~!l!!S.rr1-$J~Q9· The chainages are ref erred 

with respect to the chainages a;:; followed by the alignment survey 
team 

5.2.2 Guide Bund 

5.2:2.1 Guide bunds are artificial embankments meant for streamlining and 
guiding the river flow past a bridge, without causing damage to the 
bridge and its approaches. They are placed in the direction of flow 
both upstream and downstream of the abutment, on one or both the 
banks, as required. With straight/curved shanks of suitable lengths, 
they end in heads of adequate curvature, both in upstream & 
downstream. Property ·designed guide bunds at a bridge serve a 
two~fold purpose. Firstly, they protect the approach embankments of 
the bridge from attack and secondly, they control the river and 
channelise the· flow. more or less axially through the bridge. In 
designing guide bunds, their shape in plan is a vital decision which 
governs the flow.conditions due to its placement. The flow conditions 
after placing alternative shapes and size of the guide bunds can only 
be detected on the model and accordingty, the best suite.d layout of 
the guide bund is finalised which results in most satisfactory flow 
conditions. 

5.2.2.2 While running of the model for the proposed bridge length 'Nithout 
guide bund, substantial obliqm~ flow was observed across the bridge 
crossing. Such flow conditions necessitated the need to train the 
river on both the sides of the bridge in order to streamline the flow 
through the bridge and also to provide protection to the bridge 
abutment and the approc:ich embankment. It was, therefore. decided 
to test the rnodoi by providing the guide bunds on both sides of th0 
bridge. Accordingly, two alternative layouts of the elliptical guide 
bunds were tested on the model at various stages which were ;:is 
under. 
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Alt-1. E!Hptical Left Guide Sund (Study No. 3 on the model) 

Upstream: 

Downstream: 

x2 i 
Part of, an ellipse --2 + --2 = l followed by 

. 400 200 
curved head of radius 100.0 m and sweep ar:igle 
45° was providad in the upstream of !he bridge.· 

} 

projec\ed length of 128~6im with curv~d taU of R 
.100.0 m and sweep angle"(}= 45°. 

Alt-1. Elliptical Right.Guide Bund {Study No. 3 on the model) 

Upstream: The upstream . projected length 270 m 
. :\:2 y1 

conforming to part of an ellipse -·-., +--2 = 1 
300· 150 

followed by curved head of radius 225.0 :m and 
sweep angle 45°. · . 

Downstream: projected length of 128.6 m with curved tail of R 
100,0 m a~d sweep angle o = 45°. 

The right guide bund was rotated in th·e plan to 30° anti-clock 
wise. 

Alt-2. Elliptical Left Guide Bund {Study No. 4 on the model) 

Upstream: 
· x2 ,2 

Part of an ellipse --
2 

+ ~ = 1 followed by a 
350 175 

circular head of radius ·R· = 100 m and sweep 
angle 30°. · · .· · 

Downstream: projecte9 length of 12K6 rri with CUNed tail of R 
100.0 m and sweep angle 8 = 45°. . 

Alt-2. Elliptical Right Gu id~ Bund (Study No. 4 on the model) 

Upstream: The upstream projected length 270 m 
1 ? 

conforming to part of an ellipse ~ + 2-z ~ 1 
. 300 150 

followed by curved head of radiu~ 80.0 m <:1nd 
sweep angle 90°. . · 

Downstream: projected length of 128.6 m with curved taH of R 
100.0 m and sweep angle 8 = 45°. 

The right :Juide bund was rotated in the plan to 30° anti-clock 
v· .. ,ise. 

• 
• • • • • • • • • • • 
• 
• • • • • • 
• • 
• • • .! 
• •>· .. , 
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5.3 

_5.3.1 

----------- -------------------

St·cHon .. V 
.-----N~v<v-~-"'~-·•vw·--·~"~" ,.., __ 

The perf o~mance of the guide bund placed as per layout under 
second alternapve (tinde~ ·study No. 4 on the model) was found to 
be must suitable. During model running with_ this- alternative, the 
velocities (v in mis) and water revels (W.L. in m) observed' along the 
guide bunds were as under. - · 

200.~ 

~r 

FLOW 

199.9 , ~·;----' j 200.1. 200.2 

.199.S 200.0../ 

199.7 . 199.9~ 
200.1 199.6 Hl9.3 200.2 

··-·····~· -~--

, ·J 
199.S 199.6 

WATER'LEVELS (m} 

.52 

2.71 

2.80 

1.19 3.Hl 

VELOCITIES (mis) 

Ntl • 

RECOMMENDATIONS 

As per the hydraulic computations carried out under Section~lll and 
results of the model studies conducted subsequently, for various 
alternatives, the following recommendations are made. 

Bridge Length 

A bridge length of 529.65 m (,:11 spans of 48.15m) with Guide Bunds 
on both the banks has been found to be most appropriate for the 
proposed location of bridge. The proposed chainages of the left 
abutment works out to f.)e at Km. AZJJ29.65 and that of right 
abutment works out be al Km. 47200 .. rhe'P0s'fiion"ofa6u1menis 
and configuration of bridge and guide bunds are shown in Figure 5.1 
& 5.2. These figu_res in drawing form are also placed under Drawing 
No. RITES/RCEDIY-Dethi/BR & GB (Sheet No.1) and Drawing No. 
RITES/RCEDN-Delhi/GB (Sheet No.1A). 

5.3.2 Hydraulic Parameters 

The hydraulic parameters are given belmv which can be used for 
deciding the vertical profile and design of bridgE: structure, fr1er 
tr;:;sining & protection measures and approAcl: 0mbanknH::nl. 
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5.3.2.2 

5.3.3 

·' 

Section ~v ----· __ , ______________ _ 

Hydraulic Design Parameters 

-~ i) Design discharge (Q) 

.ii) Computed Highest Flood Level (HFL) 
for design discharge 

... iii)· Flood Slopes 

·-= 10.ooo cumec 

= RL 199.50 m 

= 1 in 5300 

Hydraulic Parameters obtained from Model Studies 

i) 

ii) 

iii) 

iv) 
v) 

vi) 

Max. Velocity through bridge span 

~ ... 1ax. discharge intensity (q) · 
Max. Water Level Jn Bridge Spans 

(Design HFL) 

= 3.57 m/sec. 

= 37 .38 cumec/m 

= RL 199.80 m~ 

Max. Water Level along Right Approaches = RL 200.1 n1 
Max. Water Level albng Left Approaches = RL 200.2 m 

~ 
Afflux = 0.30.m 

Flood Dykes 

· The exj2JJ!l .... u.1!£9.~UJY_ls~§...'!Y.i1Lnqt be adequate at certain location to 
hold the design discharge of 19',i.Q.QQJ;umec. Therefore, the flood 
dyke~~h~IL!?_~ f~9!J.i[~itl9 _be .raiseQ.. ~U.it~bly a~ J?.~r ~h~,:~~-t~r _ l_~v~ls 

®served along the dykes at the design discharge under the, final 
configuration of bridge. with" both, the"' gt'.llcie'~'ffuna'~fii~'place as 
furnished under'Table 5.1 .. 

·• 
• 

~ • " 

• • • • • • 
• • • • • • • • • • • • 
• • • • .. 
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OBSERVED WATER LEVELS ALONG DYKE: 

~ 

(For Study - 4 At Design Discharge Of 1000,0 Gurnee) 

TABLE- 5.1 
( 1 Sheet ) 

r,- l 
, . X-SEC NO. ~·-----·-- ·---~!-:. ALON§J?YJS§.~·----···············-···--··-·····-l 
i , l . · RIGHT SIDE : • ( . i ~- . · LEFT SIDE .· .·· .1 , : o-·---·--··--·-····--··--······-····T· ·· ···-------~--·-· ' _,_...._._, _______ , ...•.. ------·--···" ······---~-·' 
l U/S·32 ! . 201.5 · ! . 201.9 i 
1....---· --------·-·f--------~------------------··--· -----------------· 
[ U/S-30 ! 201.5 l 201. 7 I 
j--------~U/S-28--.. ---·t··----, 201.S-------·---1--- -- .. ________ ·-201} .. ____ " ____ - --j 

r-~- U/S-26 --·-·=--f - 201.4-----t------ 201.7 1 

r----ws~24 + 201.4 ----t , 201.s ·I 
r ...:~ U/S-22 - 201.3 , t-----~--__ :01.4 / ---~ 
T U/S-20 201.3 ~ 201.1 i 

U/S-18 201.2 I 200.8 "---~--1 

~~~: ;~~·:--- l ~::~_· -J 
·:r---,--u_,.~,-:-:o- ~~~:: +- ~~~: --~~ 

---,---~ 200.2 ---1-- 200.5 i 

~· ~;~ t • ~:::-~--r=-;~:;-~--H1 
'L_ 'B._C.L. j_.· , 199.5 . ___ _l________ 200·~--- 1

1 

, 

I -O/S-2 ·- I '~---. I 9S:4 . . I 200.3 _: l D/S-4 -··--t~:_:__ 199.4 -----j---· 200.3 ,'. -----, 

1 · ~-=- ~::~ _=c=~---~:.-=- ~:~ -=---1· 
.,. ' I D/S-.10 --+- 199.2 . ---+----· 199.0 ------------1 . 

L. I ----· ____ L ____________ _ 
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1.0 INTRODUCTION 

1.1 The Dedic,ated Fr~ight Corridor Project is a dream project being 

undertaken by Indian Railways. The Project envisages construction of two freight 

corridors namely Western Freight Corridor and Eastern Freight Corridor covering 

3300 route kilometers and· aims at providing e~c!usive railway track$ for the 

freight trains to ensure free and faster movement of freight resulting in reduction 

of transit time and cost of transportation. It would lead to accelerated 

development of trade and industrfes and would ensure faster development, of the 

nation. 

1.2 The river YanTIJna flows as a tortuous stream from South-East to North­

west direction at Tughlakabad near Delhi-Haryana border. Though the deep 

channel of the rive1 is mean~erlng and well defined but during high floods the 

river overflows both banks and the flow spreads over the entire . flood plains 

between the existing fto~d dykes. The river, therefore, was short iisted from 

various small and big rivers for a m~del study. 

' 
1.0 THE PROBLEM 

The General Manager (Civil}. RITES BHAWAN, No. 1, Sector-29, 

Gurgaon (Haryana) vide his office letter no. RITES/Rl/RCED/DFC/MS/2008, 

dated: 10.01.08 referred the problem to the Irrigation Research Institute, Roorkee 

whereby a physical model study for construction of a railway bridge across river 

Yamuna near Delhi-Haryana border at Tugh!akabad (Haryana} was desired to be 

conducted in order to determination of optimum ·1ength of bridge, its orientation. 

location of abutments and river training works for the bridge at the proposed 

location. 

3.0 THE DATA 

For conducting the present mode! studies the fol_f?:-VinQ('data/dra\vings 

were supplied by the sponsor vide letter dated : 24.01 .08, dated : 25.06.08, and 

dated : 1 ·1 .12.08. 
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i\' (i) Topograp!:ic sur.1cy/contour plan (1:10000) of the river of year 2008 

l\ 
, . . 

in the reach between 12 km upstream to 5 km downstream of the 
C.,; 

bridge. " 
( ,,) (ii} River cross sevtions (1 :2500) in the above study reach at 200, 40'0 
( 
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(i j i) 

(iv) 

(v) 

(vi) 

' ' :l 

m interval. · 

Guide bund area of south and north bank of river Yamuna. 

The design discharge of river, 10,000 cumec. 

H. F. L. at. design discharge = 199.5 m. 
___..,..-~,,_~ 

River bed slope= 1 in 5300. 

(vii) Satellite irnageries. 
~ > 

(viii) Terms of reference for the study: To determine length of the 

proposed bridge. positions of the abutments and. to suggest suitable 

river training measures. 

(ix) Gauge-Discharge curve of the river at B.C.L. 

4.0 GAUGE-DISCHARGE CURVE AND HYDROGRAPH 

4.1 ·Gauge-discharge (G-Q) curve of the river Yamuna at the centre line of the 
' . 

'' bridge (B. C. L.). was supplied by the sponsor. From this G-D data the stage-

~, discharge curves at the bridge axis, in the upstream of B.C.L at km 1.4, 3.8 and 

5.8 were developed (Drg.-4) for proving of the model and conducting omvard 

experiment's. 

4.2 In the absence of any supplied flood hydrograph of the river. an arbitrary 
k 

single peak flood hydrograph having flood peak of 10,000 cum·ec as shown in 

Drg.-3(b) was prepared for the purpose of testing each proposal. of the study 

under simulated flood conditions. 

.. 
~ , 

r 5.0 THE MODEL 

5.1 f\s per the survey drawings/data supplied by the sponsors a· distorted or 

vertically exaggerated physical model with mobile bed and rigid banks was built 

on !he fo!lovving scales: 

2 

•• • • • 
• 
• • • • 
• • • • ,, • • 
• • 
• • • •• 
• • • • • • 
• • • • • 
• • • • • 
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Horizontal 1 :250 

Vertical 1 :30 
~J 
~ Discharge 1:41080 

.~ / 

~ · > '·) '5.2 For the purpose of ~or.ducting in ode/ study, the supplied entire rive; : each 

j-.) from 12 km upstream to 5 km downstream of the prop~~-~.d ~ridQe was 

i'' ~~7:::te:lii :ec::::~:::~·:~: ~:,~::.~:::•:!:~::~: :,::d,:;:::.~:~:0~: 
per the drawinQ_s supplied by the field ~ngineers in the model. 

ti'.. 
5.3 The river bed in the model was laid (dressed) in locally available sand and 

was made to conform to the supplied river swvey of the year 2008. The 

discharge fed into the model was measured with a sharp crested weir 

arrangement provided at the head of the model. During the running of model, the 

surface water levels and flow velocities were measured with the help of a scale 
" 

graduated according to the vertical· scale of the model and current . meter 

respectively. Th~ surface flow lines were observed by making use of ~uitable 

floats • 

. 6.0 PROVING OF THE MODEL 

6.1 After incorporating all existing and required features in the model, the river 
) . 

bed was m~de to conform to the supplied r:iver survey of the year 2008 (Drg.-2). 

The fine clay was used in laying the river bed in the model to make the river bed 

least erodible as per site conditions report.ed by the sponsors. The, ground levels 

· of the nood plains ~n both sides qf the river were laid ac6ord!D9 t~he supplied fly 

levels . 

• ~ 6.2 Afte.r preparing the model as per survey plan and details supplied by the 

.) sponsors (Drg.-2), the arbitrar~ ffood hydrograph having a maximum peak of •. , 
• • • • • 

10,000 cumec (Drg.-3(b)) was run in !he model. Various flood stages ranoinq 

from 1000 curnec io the peak fiood of 10,000 cumec were run in the niude! and 
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water levels were recorded at B.C.L. and at 1.4 Km., 3.8 Km. & 5.8 Km. upstream 

sections maintaining corresponding water levels at 2;0 Km. downstream section. 

These wnter levels were found to be.in close proximity to the theoretic.al water 

!evei·s computed at these sections with the help of the supplie9 gauge discharge 
, c 

curve using slope effect of 1 in 5300 i.e. 0.189 m per kilometer (Drg.4). The 

running of the model was witnessed by the sponsors and they were of the 

opinion that the flow conditions in the model resembled to those at the site. The 

model was. thereforG. taken as proved. 

7.0 MODEL INVESTIGATIONS 

7.1 
~ 

STUDY - 1 : UNDER EXISTING CONDITIONS (river survey of post 

floods 2008) 

7 .1.1 'After proving of the model the river bed was dressed again accordi'1g to 

the supplied river survey and fly levels of the flood plain. The arbitrary flood 

hydrograph having a peak of 10000 cumec (Org.3(8}) was run in the model. 

7 .1.2 During the running of adopted hydrograph it was seen that up to about 

3000 cumec.discharge,the flow remained confined within the banks of the river, 

but for a discharge more than 3000 cumec, the water got overflowed both the 

banks an9 spread over the flood plains. As the khadir on the both ~anks had 

almost same levels, the flow soon reached to the flood dykes· on either_~de:. On. 

increasing the discharge further upto 6600 cumec, the main river flow in the 

upstream of the proposed bridge deviated from its original :~~e~p_at~. a.~~ t~~-~-~--­
short-circuited f?Ute .along the right flood dyke over the flood elains. Such a s~ort~ 

.... ~,- ,.. "-· ·----~ ... ., . .. ... _ 
circuiting by the river made the· flow oblique on to the bridge as shown in the 

Drg.-6. The surface flow lines were observed at 3300, (3600 and 10000 curnec 

discharge and are shown in Drg.-5, 6 and 7 respectively. Th~ corresponding flow 

velocities at various critical points along the both dykes in the upstream and 

downslre<Jm of the bridge are also shown in thes.e drawings. ,, 

•• • • • 
• • • • • • • • • 
• • • • • • • • • • • 
• • • • • • • • • • • • • 
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7.1.3 At higher discharges it was observed that the existing flood dykes on both 

banks got overtopped at several places. Therefore. on the recommendation of 

the site er:i.9.~~eers the height of both the dyke~ were raised adequately in the 
~ -.. ~-~. . ,.. "-'. ,',. '·-" •·"' . '' " . -~,,.,_., ...... ~ ..... ,,,. " .. ---· . --- _,_,..,........ .~ ... 

model so as to ensu.re-no spflling anywhere over.them. Thus the entire flow up t6 
,....._ ' -·'~""'" l ,.'_,, - ... , .... "'*'' , < "'·~~ __ v _____ .,-

6emaxiiii'Um 'C:ffscharge remained completely confined within the. dykes on both 

banks. 

7.2 STUOY-2: 

(i) Post monsoon river topographic survey of the year 2008. 

{ii} 529.65 m long proposed railway bridge having 11 spans 
> 

(with pier ~acing of 48.15 m c/c) . 
7.2..1 As per intimation from the spon~ors,, a _529.65 m long railway bridge 

having 11 spans with pier spacing@ 48.15 m clc was initially tested in the model 

on the basis of Lacey's waterway for lhe maximum discharge of 10,000 cumec. 

The bridge with the approach embankments was constructed as per supplied 

alignment drawing of proposed track as shown in Drg.-8. The left abutmer.t of the 

bridge was position~d at a distance of 25.0 m.from the left high bank line as per 

discussions with the sponsors. 

7.2.2 After incorporating the above proposal in the model, the river bed in the 

model was again dressed as per the supplied survey idata. The adopted .. ~(' 

hyc!rograph was run in the' mode! ~nd the surface flow lines were observed at the 

maximum discharge nf 10000 cumec. These flow lines along with the velocities of 

flow at various critical points along the flood dykes in the upstream and 

downstream of the bridge are shown in Drg.- 8. In the upstream bf the pridge, the 

raised water _level due to the amux caused after the construction of bridge and 

the railway track are also shown in Drg.- 8. At !he discharge of 3300, 6600 and 

10,000 cumec the flow velocities across the proposed bridge recorded in the 

centre of each bay are given in Table - 1 . 
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7.2.3 The study of flow lines at the maximum discharge in the Study- 1 & 2. it . 
-could be seen that the dlrection of flow approaching the. bridge ·has been 

conspicuously changed after the construction of app~oach embankment. Thus, in 

the upstream of the proposed.bridge site, the river instead of flowing across the _ 

river banks earlier was converged along the approach embankment and pass 

eventually through the bridge only. This was obviously due to the construction of 

railway embankment and a bridge in the path of the river flow. Howeyer. the 

obliquity of flow in the bridge bays was high which indicated the need of river 

training work especially on the right bank. In this regard, as pe~ the discussion 

between the I. R. I. officers and the field engineers. it was de,cided that a guide 
) ' 

band suitably slontin~ away from the. bridge be provided on the right bank in, the 

upstream which would smoothly guide the flow in to the bridge. Moreover. to take 

care of the flow obliquity on to the left bank tbo, it was alsp felt to construct a left 

guide bund that would deflect the flow further towards bridge bays. 
' ' 

7.3 STUDY3: 

(i) 529.65 m long proposed railway bridge having 11 spans of length 

48. 15 m each along with railway track. 

(ii) Ellipticnl guide bunds with circular head on the Opstrram {Org.· 9); 

7.3.1 As mentioned in the preceding paragraph, an elliptical guide bund of u/s 

' 2 
projected length 270 m conforming to part of an ellipse ~ + ~ == 1 followed 

300 150 

by curved head of radius 225.0 m and sweep angle 45° was constructed in the 

model on the right bank to guide the flow smoothly towards the bridge'. Also, as 
' 

the flow in the upstream was highly oblique (para 7.2.3) to the proposed bridge 

alignment, therefore. for ensuring non separation of the flow from the guide bund 

and having the flow closely following the profile of the right guide bund, the right 

guide bund v1as rotated in the plan to 30° ,anti-clock wise as shown in Drg.-9. On 

left bank, to deflect the flow towards the bridge bays and also to render the 

"DProaching flow to be s!ream!ined for passing Hlfough the bridge, an eltiptical 

•• 
•• • • • • • • • • 
• • • • • • • • • 
• • • 
• • • • • • • 
• • • • • • • • 
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' " x y . 
guide bund (Org,-9) conforming to part of an e!Hpse ---4·--::: i followed by 

4002 2002 

curved head of radius 100_.0 m and sweep angle 45° was provided in the 

upstream of the bridge. In the downstream, the projected length of each of the 

guide bund was kept as 128.6 m with curved tail of R::: 100.0 m and sweep an9!e 

e = 45°. 

7.3.2 The above proposal was incorporated in the model and its bed was re-laid 

as before as per thE} ,supplied survey of the year 2008. The adopted hydro9raph 

was run in the model and the surface flow lines were observed at the design 

discha.rge 10000 cGmec. These flow lines along with the velocities of flow 

recorded at various critical points along the flood dykes are shown in Drg.-9. At 

the discharge of 10000 cumec. the maximum velocities obs'erved along the left 

and right guide bunds are 2.80 mis and 2.99 m/s respectively. No measurable 

velocity was obseNed anywhere along the approach embankment. 

7.3.3 At the discharge of 3300, 6600 and 10000 cumec th~ ob~rved velocities 

and discharge distribution across the bridge bays are given in the Table-2. These 

observations show that at the design discharge 10,00Q cumec the maximum 

velocity of the order of 3. i 8 m/s with corresponding discharge intensity of 35.69 

cumec/m was observed in the 9th bay from the right abutmen't of the bridge. 

7 .3.4 A study of the above results indicated that after introduction of guide bund 

on each bank of the river, the flow along them was quite smooth and closely 
0 

followed their profiles. The. left guide bund effectively diverted the flow through 

the bridge. This diverted stream following the profile of the left guide bund 

merged with the main oblique flow in the upstream of the bridge and thus helped 

activate the rightmost bridge bays. At the end of the curved head of right guide 

bund somewhat mild rot~tional flow was observed due to the abrupt difference of 

water levels on the opposite faces of the guide bund. This indicated the 

requirement of an increase in. the length of lhe curved head with greater 

,, 
I 
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\ / curvature and sweep.angle. At the design discharge of 10,000 cumec, almost n~ 

flow 1,1185 observed near the end of the curved head of the left guide bund. 
~ . 

( r Therefore, on grounds of economy it was decided to curtail the curved length of 

_d_J the left guide bund by ni_:~n~ of reducing the s~eep angle suita_?ly. 
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7.4 STUDY,4: 

(i) 529.65 m long proposed railway bridge having 11 spans 
0

of 

l,ength 48.15 m each along with railway track. 

(ii) Modified elliptical guide bunds on both flanks as shown in 

Drg.~11. 

7.4.1 As described i~ paragraph 6.3.4 above, the upstream ef!iptical guide bund 

on the right bank was kept almost same as in Study~3 but the curved hea,d was 

rnoclifted to 11ave greater curvature and sweep angl&. Thus, as compared to .., 
Study-3, in the present study the radius of curved head 'R' was reduced from 

225 to 80 m whik~ the angle of sweep was increased from 45° to"~o0• Moreover • . 
as mentioned above in the paragraph 6.3.4, the length of the curved head _of left 

elliptical guide bund was curtailed by about 50 m. Thus on the left bank a guide 
- ' 2 2 • ' 

bund conforming to part of an ellipse __::, +~"" l followed by a circular head 
' 350 175 

of radius , R' = 100 m and. sweep angle 30° was provided in the model to 

effectively divert the approaching oblique flow·t~wards right and to pass through 

the bridge bays. ln the downstream of the bridge, however. both the guide bunds 

were retnined to be the same as provided in Study-3. 

7 .4.2 With the incorporation ·of above modifications in the layout of the ·-guide 

bunds. the river be~ of the model was relaid as before as per the supplied river 

survey (Drg.-2). The arbitrary flood hydrograph (Drg.-3(b)) was run in the model 

and tt1e surface flow lines were obser1ed at the 10000 cumec discharge (Drg.-

10) The; ·1el0c:ities observed at the critical point along the flood dykes and along 

the guide bunds have also been shown in thi~ drawing. It was found that the flow 

conditions in '.fie present study were quite srnoott1 and stream l}ned as compared 

8 

•• • • • • • • • • • 
• • • • < • 
• • • • • • • • • • 
• • • • • • 
• • • 

' • • • 
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to that in Study-3. No cross now was observed along the approach embankment. 

e~sed on the afflux observations on the modei, the design H.F.L. at the design 

discharge 10,000 cumec has been observed as 199:7 mas shown in Drg.-10. 

7.4.3 At the discharge of 3300, 6600 and 10,000 cumec the observed discharge 

intensities and percentage discharge distribution across the bridge bays are 

given in Table-3. A study of this table showed that with the above modification ln 

the layout of the guide> bunds, the discharge distribution across the bridge bays 

·has been improved over the corresponding results as observed in Study .. 3. The 

discharge intensity in the end bays of the bridge increase to some extent. The 

maximum concentra'ton of discharge was seen in the 101
h bay from the right 

abutment where the maximum discharge intensity of 37.38 CUrljBclm bay width . .. .. 
was recorded at the design disctfarge 10,000 cumec. 

8.0 DISCUSSIONS ANO 'CONCLUSIONS 

8.1 lt was seen during the study that the height of existing. flood dykes is not 

adequate at few plac~~· Consequently, at higher discharges the flood water 

started to overflow dykes at th13se points. As such t'he dykes on either flank 

should be sufficiently raised above the water levels which have been shown in 

Drg.-11 for the maximum river discharge 10,000 cumec . 

8.2. The flow in ~he river remained well confined within the channel only upto 

the discharge of about 3300 cumec. At higher discharges the flow started to 

spread over the flood plains and reached flood dykes on \?ach bank. At a 

discharge of more than _6600 ~umec, the flow instead of following the curved loop 

of the main deep channel, rather took a short~circuited path as showrl.'in Drg.-6. 

Thus, due to deviation in the path of approaching trow at higher discharges, the 

ftow in the upstream of the bridge became highly oblique on to the bridge. In 

order to effectively divert and guide this oblique flow towards the bridge, ellipticcil 

guide bunds as shown in Drg.11 had to be provided on either bank. 
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8.3 At the higher discharges as the flow spr?ads over th~ flood plains, the 

river width is governed by the flood dykes on both flanks; Therefore, in order to 

ensure the flow to conform we1'1 to the profile of th~ right guide bund as well as to 

improve the intensity of flow in tl)e rightmost spans, a splay of 30° in th'e · 

anticlockwise direction was given in the upstream right guide b4nd as shown in 

Drg.11. 

8.4 Lacey's metrio,d was adopted as a guide to determine the bridge 

waterway. Trials with different bridge spans vlere carried out and eventually 11 

nos. of spans @ 48.15 m c/c spacing of piers along with the e)lipticai'guide bunds 
"' .. ·r 

as shown in Drg.11 have been found t~ be the optimum. 

C. 8.5 To safe guard' the guide bunds as well as the approach embankment, it is 

' ,..,.,,.,.,,. 
~ 

c: 
~ 

L 

,, 
l' 

t 

I • -, . 
~ 

desirable that the construction of a guide b\Jnd is completed within one working 

season. 

!O 

•• • • • • • • • 
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OBSERVED VELOCITIES~'DJSCHARGE INTENSITIES. .. 

PERCENTAGE DISCHARGE.blSTRIBUTION ACROSS THE B.C.L. 

Z?o 
STUDY-2: BRIDGE LENGTH=529.85 m i.e.11 SPANS EACH OF 48.15m LENGTH (WlTHOUT GUIDE BUND) 

-FfiY.No.--- ·a=3,3dO cumec Q=6,600 cumec , Q= 1 o,ooo cumec -----·i 

from ript;t I Velocity I % Intensity Velocity % Intensity Vet6city % Intensity 
·---------~L' Discharge (cumec;Jm) (m/sec) Discha_i::~--LJ~umeclm} _____ {m/sec) Disch~_m_L_Jcumec/r'Q.L 

i ·1 0.00 I 0~00 0.00 0.00 . 0.00 0.00 0.00 0.00 0.00 l t 2 o.43 I 0.60 • o.433. 2.14 3.44 4.:S --2.61-1- 4~=r~s8s~·1 
I 3 0.52 0.70 0.523 2.04 3.28 4.75 2.52 . 4.18 9.16 
; 

r·-4--- 0.81 5.56 4.022 1.76 7.37 10.65 • 2.61 9.8'1 21.30 l 

r---- --------------~--·-· ---- - -~ 
' 5 ·----~·08 ___ ., 6.02 4.34~ . 2.23. 9.33 13.4'9 2.89 11.51 25.2~-------l 
, 0 1.47 10.22 7.390 3.28 14.78 21.37 3.18 13.36 29.27 I 
i ..,. .· I 
I 

i 7 -- 1.76 13.46 9.728 2.61 12.61· - 18.22 2.71 11.99 26.26 I , ~ 
I 

r-----~~--------- _____ L95 17.63 12.743 3.28 15.84 22.~ •· 2.80 I 13.01 ~9~ 
i 9 2.14 23.82 17.214 2.80 14.42 20.85 2.89 I 13.74 ~ 30.10 II 

I , . - --- f _,..---~~ 1-------10 1.ae -- 21 .. 99 ·- 1s.a99 3.1s 18.43 26.64 c 3.57J - \ 11.37 ;' .· 38:!_?5: I 
r ~ ~ "-~ .·::. I ' ------- -- ----~-r---- ------~ 
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TABLE-2 
OBSERVED VELOCITIES, DISCHARGE INTENSITIES, 

PERCENTAGE DISCHARGE DISTRIBUTION ACROSS THE B.C.L 

STUDY-3: BRIDGE LENGTH=529.65 m i.e. 11 SPANS EACH OF 48.15m LENGTH, 
ELLIPTICAL LEFT AND RIGHT GUIDE BUND 

"'-"' ""'0 Cu111cv 
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t_ 

3.18 16.14 23.34 

2.42 13.65 . 19.74 
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OBS~RVED ve1.ocrhe$C;?'f)j~~~~~~i lNf~~$1TIES, 
PERCENTAGE DISCHARGE orsiRIBUTlON ACROSS THE S.C.L. 

• 
STUDY-4: BRIDGE LENGTH=529.65 m i.e.11 SPANS EACH OF 48.15m LENGTH, 

ELLIPTICAL LEFT ANO RlGHT GUIDE BUND 

--~~·------
Q=3,300 cumec Q=6,600 cumec Q=I0,000 cumec ------, 

Velocity % Intensity· Velocity % Intensity Velocity ' % I Intensity~ 
{m/sec) Discharne (cumecJrn) (m/sec) Oischarqe (cumec/rn) (m/sec) D~scharge I (cumec/1~i 

0.61 0.81 0.58 1.57 1.62 2.34' 3.18 ' 3.97 ~ 8.70 

--·--· -'-----·--- -- ~ 0.99 . 1.31 0.95 2.33 2.40 3.47 3.18 3.97 v' 8.70 

--·o.8()-
I 1.06 0.77 2.33· 3.20 4.62 3.57 ...... 4.46 9.77 . 
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---· 
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-- ~·------ - -

~??" 

\ ,,.·, 
\ 

I 

269



.• ' 
y,q·: \~. 

{ 

( • ( • • • • • • • 

( 

( 

( 

r 
\, 

( \ 
""''.>°;;. 

C .. 

( 

TABLE-4 
OBSERVED WATER LEVELS ALONG DYKE 

(FOR STUDY· 4 AT DESIGN DISCHARGE OF 10.,000 CUMEC.} 

--------·----~----------"·'--------,...----'-.,....... 
,.. X--SEC NO. W.L. ALONG DYKES · 
L- RIGjlT SIDE I LE.FT SIDE 

U/S-3-2------t---.· \r-2-01.~ . ~01.~} 

_. U/S-30 201.5 ' 201.7, 
-·-----·-f----------1--------------i 

U/S-28 201.5 201.7 

.201~4 . 401.7 

(. U/S-24 • 
l U/S-22 • • • • ,;: 

• . 

.. • • ' -
., • 

(. 

( 

t 
( 

1' 
' 
( 

., 

•, 
( 

L_ ___ u __ 1s_-2_0 ___ -1-_____ 2_0_1 .. 3 ____ -+-____ 2_01_.1 ___ --1 

~ 
U/S-18 201.2 200.8 

. UIS- 16 - 201.1 200.8 

U/S-14 200.7 200.7 

r-- U/S-12 - 200.7 200.7 

f--~ U/S-10 200.6 200.6 

U/S-8 200.5 200.6 
--~-~-+------~.-+-----~----I 

~ U/S-6 200.2 200.5 

c • 
c • 

•••• 
• 

(. 

i 

O/S-2 ~9_j) (200~) 
-·------1------=~--'--------.-....c::.----...:.J 

D/S-4 ·· 199.4 200.3 

- • t 
D/S-6 199.3 198.8 

D/S-8 , 199.3 198.9 • c . 
·---·--;:.-;;:;-;-::----r---~-::-::--::--"'----f----------1 

D/S-10 199.2 199.0 

c <------------·--------'-----------'--·---------1 - • 
( • 
( • 
( • • " l. 

l • 
l • 
C • . ,. • L 
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. '.f5a;::i:_;;~r:. : .. ;;h. . ·. . . . . 
OBSERVED VSl:.OC~"[IE;S~~EJJS,g.ff~gt1E INT~t;l~fJ;lESt. 

PERCENTAGE OJSCHARGE' DJSTRlBUTldN· ACROSS THE B.C.L. 
' . 

STUDY-5: BRIDGE LENGTH=481.50 m i.e.10 SPANS EACH-OF 48.15m LENGTH, 
ELLIPTICAL LEFT AND RIGHT GUIDE SUND 

r·say-~"Jo~·-·--~===---- - Q = 10000 cumec , ·- -~~~--~-=-~_.:_] 
~!~C>-~~L __ J_ _____ Velocity (m/s} % Dis_chame -----~ lnten~lty (cumec/m) ··----· ----l 
! 1 I 2.61 2.12 . 4.65 · I 
i ' l 

l
~----x--· ~ 3.37 · · 3.aa ,,-- ·-·-··-- a.01 ---·-----------

3 ~- 3.66 10.59 ·-----23.20 . ' 

l.-....... , .. ______ -· - . - ----
) 4 3.76 12.24 .26,81 

f 5 -- . ~5 14.29 
f ·.I .._ ---.. 

l--=-6=1-~-- 3.3~ 12.80 2-8-.0-3 _____ --~~j 

l-------~7-._·· . ____ L___ .. 3.4! __ 13.18 _ ~a.a1 j 

;1_-·-· ;---+--------:::-:-----·- ::::: ---. ---- -::::: . I 
L-------- ·-- ---
. !O I 3.18 2,88 1 6.29 · 
.___ .. ________ __l_____ . ___ L ,-----~-

"" 

3t.29 3. 

-'- . 15 
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NCT OF DELHI COURT FEE 
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"v" ~~,,,, 

VAKALATNAMA - ~HPSrCP "Q;r 

~~ 

~"~~~ 

In the Court of - ••11•111!1<1 W.c::HIJ!:1od ... f?-::.t:~ ... fi. N:!?.a..0.f. ... ~'.':! r;.ip..~~ .. f3..~q t , 
S 't/A l/R . . /M' /E t' N. (!].A· N°. 611 Of .2..5 <...._:J "' 

0 
:V· ui ppes ev1s1on 1sc xecu ton o .............................................. .. 

gu mar, Chu v hon q ()YJJ · · ··············································· ......................... ,-:. .............. ~·················~······························ ··············· 

.... :: .... &.d~ ..... :(/.. .. P...ttc:!! .... 1...r;..;~~- .... 1. .... &.;...: ............................... .. 
VAKALATNA~A OF- 3ftll~ tlW 3iR ~ .... f.!.~.<r.!Y:ttl. .... t:!.~~ ..... 9.. ................. .. 
In the Case Noted above, I/We- aqifcm wcrs:z01 'al, '8i'f~ t1.X:.~.~f; .. $.hg,1,,0.~.'.~ij;~6l~ ~ .. ~ 

EACH OF SARV SRI- CDt ~ -t1 

.. f SX11.~~~ .... t\~~~~(}.0. .. ·.J>.f.~S.~k .. t:?.~~~ .... ~.i:-:tl-: .. ~~ .... ~.~ .... ~.~ ... i~ .. ~::~;,J 
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Shri./ .aft ... S.~I.~.~.~.~~.~ .. ~~.~.r.\,;\!l:-?' .. ~.\~~~·Y.~~.~.~!':'.~~:'Advocate/ 3rtliC1cm1 
P~ ]2//-8-)_tt>fJ"'?- f 5 2-02. \ "l.OLO 

Is hereby appointed as counsel to appear, plead and act on behal of the undersigned, In any manner, he think it proper, either himself or 
through any other Advocate and In particular to do the following, namely to receive any process of court (Including any notice from any 
appellate or revlsional court), to file any applications, petitionsor pleadings, to file, produce or receive back any documents, to withdraw or 
compromise the proceedings, to refer any matter to arbitration, to deposit or withdraw any money, to execute any decree or order, to certify 
payment and/or receive any moneys due under such decree or order, to file appeal, revision, review or other necessary proceeding against 
any judgment, order or decree passed therein. 

The undersigned shall be bound by all whatsoever may be done in the aforesaid case (including any appeal or revision there from) 
for and on behalf of the undersigned by any of the said counsels. The counsel will not be responsible in any manner or condition whatsoever 
may be. Counsel will have an right not to do the aforesaid acts, if payment of fee is not made to him, or for any other reason he thinks fit and 
proper. · 
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Suresh Srivastava <suresh.srivastava@aureuslaw.com> 

Service-QA No. 641/2023 titled as Suman Chauhan & Ors Vs State of Uttar 
Pradesh & Ors. 
1 message 

Suresh Srivastava <suresh.srivastava@aureuslaw.com> Tue, Apr 30, 2024 at 6:43 PM 
To: "manoj@synergyinfracon.com" <manoj@synergyinfracon.com>, csup@nic.in , ceodelhi.djb@nic.in, ceifed@gmail.com, 
csdelhi@nic.in, "fciwrd@gmail.com" <fciwrd@gmail.com>, "ceo@noidaauthorityonline.com" 
<ceo@noidaauthorityonline.com>, eincididuplu-up@nic.in, dmgbn@nic.in 
Cc: Praveen Singh <adpraveensingh@gmail.com>, Satyender Chahar <satyender.chahar@aureuslaw.com> , Chetan 
Singh <chetan.singh@aureuslaw.com> 

Sir, 
Please find enclosed herewith the Reply to the application on behalf of the Respondent No. 8 (DFCCIL). 
Kindly acknowledge the receipt of the same. 

Best regards, 

Suresh 

~unnamed 

Suresh Kumar Srivastava I Head of Administration (Litigation) 
M: +91 9818269100 
L: +91 11 41080803/04/05 
103, South Park Apartments, Kalkaji, opposite K1 Block, Chittaranjan Park, New Delhi, Delhi 110019 (Kindly 
note t he change in our address and update your records accordingly) _ 
E: suresh.srivastava@aureuslaw.com 
www.aureuslaw.com 

CONFIDENTIALITY & DISCLAIMER 

This email and/ or any files transmitted with it are legally privileged & confidential and intended solely for the use of 
the individual or the entity to whom they are addressed to by Aureus Law Partners (the Firm) . It should not be read, 
copied and used by anyone other than the intended individual or the entity. If you have received this email in error 
please preserve its confidentiality & delete it from your system and notify us immediately. The recipient should check 
this email and any attachments for the presence of viruses. The Firm accepts no liability for any damage caused by any 
viruses transmitted by this email. Communicating through email is not secure and capable of interception, corruption 
and delays. Anyone communicating with Aureus Law Partners by email accepts the risks involved and their 
consequences. Unless related to Aureus Law Partners' business, the opinions, conclusions and other information 
contained within this email are those of the sender alone and do not necessarily constitute those of the Firm 
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