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Executive Summary 

There was wide spread heavy rainfall across catchment of the river Yamuna which led to 

high runoff and huge discharge resulting in rapid rise of water level in the river Yamuna 

resulting in extensive landslides and flooding in the hills and plains of catchment of river 

Yamuna. The heavy rainfall was primarily due to Western Disturbances and South-West 

monsoon caused heavy rainfall during the period 9th to 13th July 2023, at different places 

in the States of Himachal Pradesh, Uttarakhand, Punjab, Delhi and Haryana in the 

catchment of river Yamuna. This flooding event necessitated a fresh look at the river's 

flood management in its reach from Hathnikund Barrage up to Okhla Barrage. 

Department of Water Resources, River Development and Ganga Rejuvenation, Ministry 

of Jal Shakti, vide OM dated 6th August 2023, constituted a committee for conducting a 

joint flood management study of river Yamuna for its reach between Hathnikund and 

Okhla Barrage. The committee was headed by Chairman, Central Water Commission & 

Ex-Officio Secretary to Government of India with members from Haryana, Uttar Pradesh, 

NCT of Delhi and expert Organizations. The committee was mandated to examine the 

meteorological aspects, return period of floods, discharging capacity of barrages, 

functional requirement of ITO barrage, etc.  

The constituted committee was given the task to carry out various studies like detailed 

catchment representative rainfall analysis to compare the floods of the year 1978 and 

2023, estimation of 5, 10, 25, 50, 100 and 500-year return period floods at Hathnikund 

Barrage, Wazirabad Barrage, Delhi old railway bridge and Okhla Barrage, carrying 

capacity of the river between Hathnikund barrage and Okhla barrage, maximum water 

level at salient locations of the study river reach for 5, 10, 25, 50, and 100-year return 

period floods, afflux of barrages, bridges, flood protection dykes and other structures in 

the study reach of the river, 2D modelling and submergence area estimation for the reach 

of river Yamuna from 10 km upstream of Wazirabad barrage and up to 10 km downstream 

of Okhla barrage, identification of possible drainage congestion in Delhi in case of high 

spate of river Yamuna, review the utility of ITO barrage in present context and to examine 

the feasibility of some innovative measures like creating underground reservoirs for flood 

moderation in line with Tokyo model along with examination of  the feasibility of creation 

of storages for surplus flood water in the flood plains of Yamuna and thereafter 

identification of such sites. 

The above studies involved collection of data, formulation of hydraulic & mathematical 

models, ground survey & inspection, meetings with all stake holders, etc. As all above 

tasks were time consuming and involved exhaustive coordination among various 

agencies involved in the management of floods in river Yamuna, the committee took a 

decision to first issue an Interim Report addressing the broader aspects of flood 

management of river Yamuna for its reach between Hathnikund and Okhla barrage. 

Accordingly, an Interim Report of the committee was issued in January, 2024 and shared 
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with all stake holders. The Interim Report of the committee summarized the views of the 

committee on various aspects as per the mandate of the committee and focussed on the 

cause of the event and measures for better on ground preparedness in case of such 

events in future. 

The committee held four meetings under the chairmanship of Chairman, CWC wherein, 

informal groups were constituted within the Central Water Commission to monitor and to 

carry out studies in a time bound manner for accomplishment of tasks assigned during 

the course of committee meetings. The meetings of the committees were held to look into 

the issues of effective flood management, data requirement, data available, model 

studies, analysis, etc. The fifth and the final meeting of the committee was held on 14th 

August, 2024 wherein, the report of the committee in its form as presented here was 

accepted by all members of the committee. 

This final report of the committee has been split into different chapters for focused 

attention to the topics presented under each chapter. This report has nine elaborate 

chapters with first chapter of introduction and subsequent chapters describing specific 

topics such as Catchment Representative Rainfall Analysis, Flood Frequency Analysis, 

Carrying Capacity of River Yamuna, 2-D Modelling and Submergence Area Estimation, 

Barrages on river Yamuna, Encroachments in river Yamuna, Storage Possibility of Flood 

Water and with concluding chapter on the conclusions and recommendations of the 

committee. 

The final conclusions and recommendations of the committee for effective flood 

management of floods of river Yamuna for its reach between Hathnikund and Okhla have 

been described in the ninth chapter of this report based upon the studies and analysis 

presented in the chapters.  

  



v 

 

Contents 

ACKNOWLEDGEMENT II 

EXECUTIVE SUMMARY III 

LIST OF FIGURES IX 

LIST OF TABLES XI 

1 INTRODUCTION AND BACKGROUND 1 

1.1 Introduction 1 

1.2 Background 2 

2 CATCHMENT REPRESENTATIVE RAINFALL ANALYSIS 5 

2.1 Detailed Catchment Representative Rainfall Analysis 5 

2.2 Observed Rainfall 5 

2.3 Methodology of Analysis of Rainfall 8 

2.4 Catchment Representative Rainfall for Hathnikund Barrage 8 

2.5 Catchment Representative Rainfall for Catchment up to Mawi Site 11 

2.6 Catchment Representative Rainfall for Catchment at Old Delhi Railway Bridge 14 

2.7 Stage Hydrograph Analysis 14 

2.8 Conclusions 20 

3 FLOOD FREQUENCY ANALYSIS 21 

3.1 Annual Peak Discharge at Hathnikund Barrage, Delhi Rail Bridge & Okhla Barrage 21 
3.1.1 Hathnikund Barrage 21 
3.1.2 Old Delhi Rail Bridge 22 
3.1.3 Okhla Barrage 24 

3.2 Frequency Analysis 26 

3.3 D-Index results & return period floods 26 
3.3.1 Hathnikund Barrage 26 
3.3.2 Old Delhi Rail Bridge 27 
3.3.3 Okhla Barrage 27 



vi 

 

3.4 Conclusions 28 

4 CARRYING CAPACITY OF RIVER YAMUNA 29 

4.1 Introduction 29 

4.2 Simulation results for the reach of river Yamuna from RD 900 m to 59900 m downstream of 
Hathnikund barrage of Yamuna Nagar Division 30 

4.3 Simulation results for the reach of river Yamuna from RD 6979 m to 70980 m of Karnal 
Division 34 

4.4 Simulation results for the reach of river Yamuna from RD 0 m to 39000 m of Panipat 
Division 37 

4.5 Simulation results for the reach of river Yamuna from RD 0 m to 4724 m of Bega Bund Rai 
Division 40 

4.6 Simulation results for the reach of river Yamuna from RD 0 m to 9500 m of Sonipat 
Division 41 

4.7 Simulation results for the reach of river Yamuna from RD 0 m to 22112 m of Mehendirpur 
Jajjal bund to Tanda bund of Rai Division 43 

4.8 Simulation results for the reach of river Yamuna from RD 0 m to 3500 m of Delhi Division
 45 

4.9 Limitations of the Study 46 

4.10 Conclusions and Recommendations 46 

5 2-D MODELING AND SUBMERGENCE AREA 47 

5.1 Introduction 47 

5.2 Two Dimensional (2-D) Modeling and Submergence Area estimation 47 
5.2.1 Submergence area estimation w.r.t. 2, 5, 10, 25, 50 and 100 year flood 47 
5.2.2 Embankment Overtopping Analysis 53 
5.2.3 Submergence Area analysis Conclusion 56 

5.3 Identification of Drainage congestion and its Operating Mechanism 57 
5.3.1 Drainage congestion conclusion 58 
5.3.2 Operating Mechanism of out falling drains 59 

5.4 Afflux of Structures in the study reach 59 

5.5 Simulation Results 60 
5.5.1 Conclusion for afflux Analysis 61 

5.6 Limitations of the Study 62 



vii 

 

5.7 Summary, Conclusions/Recommendations 62 

6 BARRAGES ON RIVER YAMUNA 76 

6.1 Salient Features of Barrages on River Yamuna in Study Area 76 

6.2 Summary of observations vis-à-vis discharge computation by project authorities during the 
visit to Barrages on River Yamuna in Study Area 78 

6.2.1 Hathnikund Barrage 78 
6.2.2 Wazirabad Barrage 79 
6.2.3 ITO Barrage 79 
6.2.4 Okhla Barrage 80 

6.3 Conclusions 81 

7 ENCROACHMENTS IN THE RIVER YAMUNA 83 

7.1 Restoration and Rejuvenation of River Yamuna Flood Plains 83 

7.2 Protection of Yamuna Flood Plains 83 
7.2.1 Repossession of land 83 
7.2.2 DDA being the land owning agency of Zone O, is consistently engaged in protection of 
Yamuna Flood Plains. 83 

7.3 Action taken Report on Removal of Encroachments/Muck/Temporary Structures in River 
Yamuna by DDA 84 

7.4 Undergoing Activities and Initiatives by Development Authority 88 

7.5 Co-ordination of Delhi Development Authority with Infrastructures Agencies 88 

7.6 SoP for Restoration & Rejuvenation Works being undertaken by DDA in Flood Plains 89 

7.7 Projects that have been taken up on ground by DDA 89 

7.8 Details of Temporary structure/muck disposal clearance from the river bed/bank 91 

7.9 Status Report in this regard been taken by I&FCD, Govt. of NCT Delhi 94 

7.10 Review of Warning Levels and Danger Levels in Delhi 94 

7.11 Conclusion 95 

8 STORAGE POSSIBILITY OF FLOOD WATER 120 

8.1 Introduction 120 

8.2 Creation of Underground Storage 120 

8.3 Storage of Flood waters in Flood Plains of River Yamuna 121 



viii 

 

8.4 Storage of flood waters of Delhi in Bhatti Mines area 123 
8.4.1 Rainfall in NCT Delhi 124 
8.4.2 Hydrogeology and Depth to Water Levels of Bhatti Mines area 125 
8.4.3 Depth to Water Levels: 125 
8.4.4 Demarcation of Areal extent and impact of recharge to ground water in Bhatti mines 
area: 126 
8.4.5 Number of tube wells to be constructed in the area and hours of operation: 127 
8.4.6 Quality of water to be recharged 127 

8.5 Conclusions 127 

9 SUMMARY OF CONCLUSIONS AND RECOMMENDATIONS 129 

9.1 Catchment Rainfall Analysis 129 

9.2 Flood Frequency Analysis 129 

9.3 Discharge carrying capacity of River Yamuna up to Delhi Border 130 

9.4 Monsoon Peak Discharge and Submergence Area in Delhi 131 

9.5 Embankment Overtopping 131 

9.6 Implications with floods of various return period in River Yamuna in Delhi 132 

9.7 Identification of Drainage congestion 133 

9.8 Afflux in River Yamuna and Review of Warning and Danger Level at Old Delhi Railway 
Bridge 134 

9.9 Barrages on river Yamuna 134 

9.10 ITO Barrage 136 

9.11 Encroachments in the river Yamuna 136 

9.12 Storage of flood water 137 

9.13 The above recommendations may be read with detailed observations/Recommendations 
in each chapter of the Report. 137 

10 ANNEXURES 138 
 

 

  



ix 

 

  List of Figures 

Fig. 1.1: Line Diagram of Yamuna River 4 

Fig. 2.1: Catchment of Yamuna (excluding Sahibi) River at Old Delhi Railway Bridge 5 

Fig. 2.2: Spatial Distribution of Rainfall on 7th & 8th July 2023 6 

Fig. 2.3: Spatial Distribution of Rainfall on 9th & 10th July 2023 6 

Fig. 2.4: Catchment Map of IMD Grids over Yamuna Catchment at Hathnikund 8 

Fig. 2.5: Catchment Map Yamuna River upto Hathnikund Barrage 9 

Fig. 2.6: Catchment Map of IMD Grids over Yamuna Catchment up to Mawi Base     station 11 

Fig. 2.7 : Catchment Map of Yamuna River upto Mawi Site 12 

Fig. 2.8: HO Network of CWC from Paonta to Delhi 15 

Fig. 2.9: HO Network within Delhi i.e. from Palla to Okhla 15 

Fig. 2.10: Stage (WL) hydrograph at Paonta during July 2023 16 

Fig. 2.11: Stage (WL) hydrograph at Kalanaur during July 2023 16 

Fig. 2.12: Stage (WL) hydrograph at Karnal during July 2023 17 

Fig. 2.13: Stage (WL) hydrograph Mawi during July 2023 17 

Fig. 2.14: Stage (WL) hydrograph Baghpat during July 2023 18 

Fig. 2.15: Stage (WL) hydrograph at Palla during July 2023 18 

Fig. 2.16: Stage (WL) hydrograph at Old Delhi Railway Bridge during July 2023 19 

Fig. 2.17: Discharge from Hathnikund and Okhla barrages during July 2023 19 

Fig. 4.1: Reach of river Yamuna from Hathnikund barrage to Delhi-Haryana border 30 

Fig. 4.2: HEC-RAS Model set up for the reach of river Yamuna from Hathnikund barrage up 59900 

m downstream 31 

Fig. 4.3: Longitudinal profile of river Yamuna (RD 900 to 59900 m) of Yamuna Nagar Div. 34 

Fig. 4.4: Longitudinal profile of river Yamuna (RD 7979 m to 70890 m) of Karnal Division 37 

Fig. 4.5: Longitudinal profile of river Yamuna from RD 0 m to 39000 m of Panipat Division 39 

Fig. 4.6: Longitudinal profile of river Yamuna from RD 0 m to 4724 m of Rai Division 41 

Fig. 4.7: Longitudinal profile of river Yamuna from RD 0 m to 9500 m of Sonipat Division 42 

Fig. 4.8: Longitudinal profile of river Yamuna from RD 0 m to 22112 m of Mehendipur Jajjal bund 

to Tanda bund of Rai division 45 

Fig. 4.9: Longitudinal profile of river Yamuna from RD 0 m to 3500 m of Delhi division 46 

Fig. 5.1: Submergence Area v/s return Period 50 

file:///C:/Users/SHARAD%20CHANDRA/Desktop/Yamuna%20Report/August%20Final%20formatted%20reportyamuna_aftermeeting_%2005.08.2024.docx%23_Toc175050073
file:///C:/Users/SHARAD%20CHANDRA/Desktop/Yamuna%20Report/August%20Final%20formatted%20reportyamuna_aftermeeting_%2005.08.2024.docx%23_Toc175050074


x 

 

Fig. 5.2 : WL v/s Return Period 50 

Fig. 5.3 Longitudnal WSE : 2, 5, 10, 25, 50 & 100 Year return Period Flood 52 

Fig. 5.4: WL v/s Right Bank Elevation 55 

Fig. 5.5: WL v/s Left bank Elevation 56 

Fig. 5.6: Existing Scenario: with existing structures i.e. as per current condition 59 

Fig. 5.7: Pier Scenario: Existing lateral structures raised on Piers 60 

Fig. 5.8: Longitudinal water surface elevation (WSE) Profile 61 

Fig. 5.9 : Simulated Water Surface Elevations for both the existing and pier scenario 62 

Fig. 6.1: Map depicting the existing and planned structures on Yamuna Basin 77 

Fig. 8.1 Locations of probable reservoirs 122 

Fig. 8.2: Locations of probable reservoirs 122 

Fig. 8.3: Locations of probable reservoirs 123 

Fig. 8.4: Picture of one of the mine in Bhatti area 124 

Fig. 8.5: Location of Bhatti mines where the AR project need to be implemented. 124 

  



xi 

 

List of Tables 

Table 2.1: Physiographic parameters of catchment of river Yamuna at Hathnikund barrage
 9 

Table 2.2 Cumulative 5-day Annual Maximum Rainfall Series from 1970-2023 for 

catchment up to Hathnikund 10 

Table 2.3 : Return Period Rainfall for Catchment up to Hathnikund 11 

Table 2.4 : Physiographic parameters of catchment of river Yamuna at Mawi Site 12 

Table 2.5 : Cumulative 5-day Annual Maximum Rainfall Series from 1970-2023 13 

Table 2.6: Return Period Rainfall for Catchment at Mawi G&D site 14 

Table 2.7: Travel Time 14 

Table 2.8: Analysis of the rainfall data for floods during the year 1978 and 2023 20 

Table 3.1: Hathnikund Barrage Inflows 21 

Table 3.2: Old Delhi Railway Bridge Inflows 22 

Table 3.3: Okhla Barrage Inflows 24 

Table 4.1: Cross section details of river Yamuna supplied by I&WRD, Government of 

Haryana 29 

Table 4.2: Water profile simulation results of river Yamuna from RD 900 m to 59900 m of 

Yamuna Nagar Division 31 

Table 4.3: Water profile simulation results from RD 6979 m to 70980 m of Karnal Divn35 

Table 4.4: Water profile simulation results of river Yamuna from RD 0 m to 39000 m of 

Panipat Division 38 

Table 4.5: Water profile simulation results of river Yamuna from RD 0 m to 4724 m of 

Bega Bund Rai Division 40 

Table 4.6: Water profile simulation results of river Yamuna from RD 0 m to 9500 m of 

Sonipat Division 41 

Table 4.7: Water profile simulation results of river Yamuna from RD 0 m to 22112 m of 

Mehendipur Jajjal bund to Tanda bund of Rai division 43 

Table 4.8:  Water profile simulation results of river Yamuna from RD 0 m to 3500 m of 

Delhi division 45 

Table 5.1: The monsoon peak discharge data from period 1970 to 2020 at Old Delhi 

Railway Bridge 48 

Table 5.2: Estimated flood value at Old Delhi Railway Bridge HO site 49 



xii 

 

Table 5.3: Submergence Area over Delhi reach of River Yamuna 49 

Table 5.4 Max Longitudinal Water Surface Elevation 51 

Table 5.5: Embankment opertopping analysis 53 

Table 5.6: WL v/s Bank Elevations for 100-year Flood 54 

Table 5.7: Drainage Congestion 58 

Table 5.8: List of Out falling Drain in Delhi 72 

Table 6.1: Details of the barrages on river Yamuna 76 

Table 6.2 Final peak discharge as reported by the project authority 78 

Table 7.1: Encroachment Removal Drive as carried out by DDA 84 

Table 7.2: Action Taken Report By IFCD 96 

Table 8.1: Physical parameters of the proposed reservoirs 121 

Table 8.2: Depth to water levels in Bhatti mines area 126 

Table 9.1: Submergence Area over Delhi reach of River Yamuna 131 



1 

 

1                                       Introduction and Background 

1.1  Introduction 

Floods constitute one of the major natural calamities faced by India almost every year 

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

community lifelines besides entailing untold misery to the millions. Concerted efforts have 

been made over the years to reduce the damage due to floods and mitigate the sufferings 

of the people. Various structural flood control measures were taken up in the past 

including construction of reservoirs, embankments, drainage channels, etc. It is, however, 

now realised that absolute and permanent protection to all flood prone areas and for all 

magnitudes of floods by structural measures alone may not be feasible. The river Yamuna 

originates from Banderpunch glacier in Uttarakhand near Yamunotri and travel about 

1376 km before meeting the river Ganga at Sangam (at Prayagraj). River Yamuna, one 

of the largest tributaries of River Ganga, originates from Yamunotri Glacier on the south 

western slope of Banderpunch peaks of the Lower Himalayas in Uttarakhand. The river 

basin lies in the states of Uttarakhand, Himachal Pradesh, Haryana, Uttar Pradesh, 

Rajasthan and Delhi. Before its confluence with River Ganga at Sangam in Prayagraj 

district of Uttar Pradesh, important tributaries such as Tons, Giri, Hindon, Chambal, 

Sindh, Betwa and Ken join the river along its way. The basin's huge population depends 

upon the water of the river Yamuna. 

Yamuna has six functional barrages and one proposed barrage. The functional barrages 

are Dakpathar Barrage, Hathnikund Barrage, Wazirabad Barrage, ITO Barrage, Okhla 

Barrage and Gokul (Mathura) Barrage. From Hathnikund Barrage, water is diverted to 

Eastern and Western Yamuna Canals. A line diagram of River Yamuna is shown in Fig. 

1.1. The river water takes about 2-2.5 days to travel from Hathnikund to Delhi. Central 

Water Commission (CWC) started flood forecasting services in the year 1958 with its first 

forecasting station on Yamuna at Old Delhi Railway Bridge. It’s catchment from Yamunotri 

to Mathura Gokul Barrage comes under the jurisdiction of Upper Yamuna Division, 

Central Water Commission, New Delhi. There are 46 Hydrological Observation Stations 

under the Upper Yamuna Division where regular monitoring of water level is being carried 

out. Beside the water level, daily discharge and 3 hourly rainfall are also recorded during 

monsoon at most of the stations. There are 6 flood forecasting stations under the 

jurisdiction of Upper Yamuna Division.  
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1.2  Background 

Due to a combination of Western Disturbances and Southwest Monsoon, there was heavy 

rainfall in different places of Himachal Pradesh, Uttarakhand and Haryana during 09-13 

July 2023, leading to extensive landslides and flooding in the hills and plains. The heavy 

rainfall in the catchment area of river Yamuna resulted in huge runoff in the river, due to 

which an earlier Highest Flood Level (HFL) of 207.49 m recorded at the CWC gauging 

site of old Delhi railway bridge on 6th September, 1978 got surpassed by a new HFL of 

208.66 m observed on 13th July 2023. The heavy rainfall led to increased flow at  

Hathnikund Barrage on 11th July, 2023 as a result Hathnikund Barrage released peak 

discharge of 3.59 Lakh cusecs at 11:00 hrs on 11th July, 2023. The same flow was 

continued for two hours and after that flow reduced gradually. The high discharge 

downstream of Hathnikund Barrage created flood situation in the river Yamuna. Due to 

this, the flow of Delhi Railway Bridge site increased continuously and crossed the 

previous HFL of 207.49m at 13:00 hrs on 12th July, 2023 and achieved the highest peak 

of water level of 208.66m at 18:00 hrs on 13th July, 2023. 

Above events necessitated a fresh look at the river's flood management in its reach from 

Hathnikund Barrage up to Okhla Barrage. In this regard, DoWR, RD&GR, Ministry of Jal 

Shakti, vide OM No. Z-15011 /1 /2020-FM Section-MOWR dated 6th August 2023, 

constituted a committee for conducting a joint flood management study of river Yamuna 

for its reach between Hathnikund and Okhla barrage. The committee headed by 

Chairman CWC has members from Haryana, Uttar Pradesh, NCT of Delhi and expert 

organizations. It will inter-alia examine the meteorological aspects, return period of floods, 

discharging capacity of barrages, functional requirement of ITO barrage, etc. Constitution 

of committee and its terms of reference is attached as Annexure A 

The meetings of the committees were held to look into the issues of flood management 

of river Yamuna joint flood management study of river Yamuna for its reach between 

Hathnikund and Okhla barrage as per the mandated of the committee. The issues related 

to effective flood management, data, model studies, analysis, etc. ere discussed and 

deliberated in details in the five meetings of the committee under the chairmanship of 

Chairman, CWC.  The first meeting of the committee was held on 4th September, 2023 

followed by the second meeting on 13th October, 2023. Thereafter, the third and fourth 

meeting of the committee were held on 25th April, 2024 and 1st July, 2024 respectively. 

India. The representatives from DoWR, RD &GR, Central Water Commission, Irrigation 

& Flood Control Department Govt. of NCT Delhi, Irrigation and Water Resource 

Department Govt. of Haryana & Uttar Pradesh, Delhi Jal Board, Delhi Development 

Authority, Central Ground Water Board, Central Water & Power Research Station, Indian 

Metrological Department, Upper Yamuna River Board, Survey of India, etc. participated 
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in the proceedings of the meetings. The minutes of the four meetings of the committee 

are at Annexure B to F. 

During the course of above meetings the scope of various studies as per the ToR of the 

committee which were required to be carried out and necessary data required for the 

studies was deliberated. The views and suggestions for taking up the studies have well 

been recorded in the minutes of the meetings. The studies as carried out have been 

described in detail in various chapters of the report. The conclusions and 

recommendations of the committee for effective management of the floods in reach 

between Hathnikund and Okhla Barrage based upon the studies carried out is presented 

in the concluding chapter of the report.  
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Fig. 1.1: Line Diagram of Yamuna River 
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2              Catchment Representative Rainfall Analysis 

2.1  Detailed Catchment Representative Rainfall Analysis 

Detail catchment representative rainfall analysis during the period 09-13th July, 2023 up 

to Old Delhi Railway Bridge is carried out by utilizing IMD Gridded Rainfall data and 

comparing it with catchment representative rainfall for the period 1970 to 2022. 

2.2  Observed Rainfall 

The catchment area of river Yamuna at Old Delhi Railway Bridge is given in Fig. 2.1. The 

estimated catchment areas at Hathnikund barrage, Mawi G&D site and Old Delhi Railway 

Bridge is 11397, 15683 and 17882 sq. km., respectively. Due to combination of Western 

Disturbances and Monsoon, heavy rainfall occurred in Himachal Pradesh and 

Uttarakhand during 09-13 July 2023, as shown in Fig. 2.2 to Fig. 2.5 which led to 

extensive landslides and flooding in the hills and plains. 

 
Fig. 2.1: Catchment of Yamuna (excluding Sahibi) River at Old Delhi Railway Bridge 
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Fig. 2.2: Spatial Distribution of Rainfall on 7th & 8th July 2023 

 

Fig. 2.3: Spatial Distribution of Rainfall on 9th & 10th July 2023 
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Fig. 2.4: Spatial Distribution of Rainfall on 11th & 12th July 2023 

Fig. 2.5: Spatial Distribution of Rainfall on 13h & 14th July 2023 
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2.3 Methodology of Analysis of Rainfall 

Gridded IMD Rainfall from 1970 to 2022, available on IMD website and rainfall for July 

2023 (supplied by IMD) have been utilized to compute the catchment representative 

rainfall for the catchment upto Hathnikund and Mawi. The IMD Grids used for computation 

for catchment representative rainfall are given in Fig. 2.4 & Fig. 2.6. 

An Annual Maximum series for cumulative 5-day rainfall for Hathnikund and Mawi have 

been computed and frequency analysis has been conducted to determine the 5, 10, 25, 

50, 100 year return period of rainfall. 

 
Fig. 2.4: Catchment Map of IMD Grids over Yamuna Catchment at Hathnikund 

2.4  Catchment Representative Rainfall for Hathnikund Barrage 

The catchment map of Yamuna River upto Hathnikund Barrage is presented in Fig. 2.5 

Physiographic parameters of Yamuna catchment at Hathnikund barrage are given in 

Table 2.1. Elevation difference between highest and lowest point along the Longest Flow 

Path is 5385 m. 
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Table 2.1: Physiographic parameters of catchment of river Yamuna at Hathnikund 
barrage 

Catchment Area Longest Flow 

Path 

Centroidal Flow 

Path 

Equivalent Stream Slope 

11397 km2 225 km 115 km 9.53 m/km 

 
Fig. 2.5: Catchment Map Yamuna River upto Hathnikund Barrage 

Based on the above physiographic parameters, it emerged that in general the entire 

catchment at Hathnikund barrage shall get activated in 3 days of continuous rainfall for 

generating the maximum runoff at Hathnikund barrage site. The Hathnikund barrage with 

a small pondage will be forced to release the flood water in case of rise of water upto a 

certain elevation and this water will travel downstream along the river. If the heavy rainfall 

sustains for more than the three days, then the water shall be released for a longer 

duration, resulting in less attenuation of flood peak in downstream reach of the river due 

to channel routing, resulting in higher flood peaks in the downstream reaches of the river. 

Considering the above aspects, the rainfall of 5 days duration has been analyzed in the 

present study.  

The IMD Grids as shown in Fig 2.4 & Fig 2.6 have been utilized for gridded rainfall to 

estimate the catchment representative rainfall from 1970-2022. The cumulative 5-day 
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annual maximum rainfall series has been then computed from IMD Gridded Rainfall and 

in case of 2023, the rainfall has been considered from 09-13 July 2023 which is maximum 

for 2023 till 13th July. The 5-days series is shown in Table 2.2 

Further, the frequency analysis of Annual Maximum values of 5-day rainfall has also been 

carried out to estimate the 5, 10, 25, 50, 100 year return period of rainfall for series from 

1970-2022 and 5-day observed rainfall till July 2023 using the best fitting frequency 

distribution Log Pearson Type-III. The above estimated return period rainfalls are given 

in Table 2.3. 

Table 2.2 Cumulative 5-day Annual Maximum Rainfall Series from 1970-2023 for 
catchment up to Hathnikund 

Year Annual Max of Sum of 5 

days (mm) 

Year Annual Max of Sum of 5 days 

(mm) 

1970 104.93 1997 131.25 

1971 131.66 1998 142.97 

1972 93.46 1999 134.39 

1973 132.70 2000 134.67 

1974 93.36 2001 90.83 

1975 77.35 2002 150.49 

1976 101.33 2003 97.85 

1977 89.97 2004 80.17 

1978 222.09 2005 117.62 

1979 116.58 2006 117.05 

1980 163.24 2007 121.41 

1981 85.67 2008 125.00 

1982 123.49 2009 181.59 

1983 97.11 2010 143.46 

1984 102.03 2011 152.77 

1985 132.22 2012 115.16 

1986 86.01 2013 306.63 

1987 72.77 2014 120.31 

1988 233.29 2015 110.37 

1989 152.92 2016 117.07 

1990 147.30 2017 102.46 
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1991 120.85 2018 158.00 

1992 110.76 2019 125.48 

1993 151.12 2020 73.77 

1994 155.13 2021 107.25 

1995 214.43 2022 114.54 

1996 101.24 2023 316.94 
 

Table 2.3 : Return Period Rainfall for Catchment up to Hathnikund 

Return Period Rainfall (mm) 

5-year 160 

10-year 192 

25-year 238 

50-year 278 

100-year 324 

2.5   Catchment Representative Rainfall for Catchment up to Mawi Site 

IMD grids for Yamuna river catchment up to Mawi site is shows in Fig. 2.6 

 
Fig. 2.6: Catchment Map of IMD Grids over Yamuna Catchment up to Mawi Base     station 
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The catchment map of Yamuna River up to Mawi G & D Site of CWC (at 29023’05”N 

and 77009’20”E) is presented in Fig. 2.7 

Fig. 2.7 : Catchment Map of Yamuna River upto Mawi Site 

The Physiographic parameters of river Yamuna catchment at Mawi are given in Table 

2.4 . The Elevation difference between highest and lowest point along the Longest Flow 

Path is 5486 m. 

Table 2.4 : Physiographic parameters of catchment of river Yamuna at Mawi Site 

Catchment Area Longest Flow 

Path 

Centroidal Flow 

Path 

Equivalent Stream Slope 

15683 km2 379.4 km 218.1 km 3.72 m/km 
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The IMD Grids as shown in Fig 2.6 have been utilized for gridded rainfall to estimate the 

catchment representative rainfall from 1970-2022. The cumulative 5-day annual 

maximum series has been then prepared from IMD Gridded Rainfall. In case of 2023, 

rainfall has been considered from 09-13 July 2023 which is maximum for 2023. The 5-

day series is shown in Table 2.5. 

The frequency analysis of annual maximum values of 5-day rainfall has been carried out 

to estimate the 2, 5, 10, 25, 50, 100 year return period of rainfall for series from 1970-

2022 and 5-day observed rainfall till July 2023 using the best fitting frequency distribution 

Log Pearson Type-III. The above estimated return period rainfalls are given in Table 2.6. 

Table 2.5 : Cumulative 5-day Annual Maximum Rainfall Series from 1970-2023 

Year Annual Max of Sum of 5 

days (mm) 

Year Annual Max of Sum of 5 days (mm) 

1970 105.0 1997 123.7 

1971 135.0 1998 130.4 

1972 105.7 1999 120.7 

1973 117.5 2000 134.8 

1974 85.6 2001 102.7 

1975 87.8 2002 158.0 

1976 133.2 2003 89.0 

1977 83.9 2004 88.8 

1978 230.8 2005 112.9 

1979 96.8 2006 95.9 

1980 152.9 2007 103.9 

1981 99.7 2008 105.2 

1982 100.9 2009 186.1 

1983 139.6 2010 143.3 

1984 79.7 2011 146.7 

1985 113.7 2012 113.7 

1986 76.9 2013 255.9 

1987 66.7 2014 116.1 

1988 215.5 2015 115.1 

1989 159.1 2016 121.4 

1990 152.4 2017 99.7 

1991 105.7 2018 158.4 

1992 117.2 2019 120.1 

1993 134.4 2020 71.2 

1994 146.0 2021 103.9 

1995 220.7 2022 118.5 

1996 103.3 2023 303.6 
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Table 2.6: Return Period Rainfall for Catchment at Mawi G&D site 

Return Period Rainfall (mm) 

5-year 155 

10-year 184 

25-year 226 

50-year 261 

100-year 300 

2.6 Catchment Representative Rainfall for Catchment at Old Delhi Railway Bridge 

CWC is maintaining a gauge site at Old Delhi Railway Bridge, where earlier HFL recorded 

as 207.49 m on 6th September 1978 was surpassed on 13th July 2023 and maximum 

water level recorded was 208.66 m. Hence, catchment representative 5-day cumulative 

rainfall at Old Delhi Railway Bridge has also been estimated and the same has been 

found as 223.12 mm during the period 31.08.1978 to 04.09.1978 and 276.25 mm during 

the period 9-14, July 2023. 

2.7 Stage Hydrograph Analysis 

Hydrological Observation (HO) network of CWC in Yamuna catchment (from Paonta to 

Delhi) is shown in Fig. 2.8. As per observations over the period up to 2023, travel time 

between various stations is given below in Table 2.7 

Table 2.7: Travel Time 

Station Gap (kms) Travel Time (Hrs.) 

Hathnikund- Kalanaur  40 6-9 

Kalanaur- Karnal 48 8-18 

Karnal- Mawi 51 9-18 

Mawi- Baghpat 42 8-16 

Bagpat- Palla 18 3-6 

Palla- Old Delhi Railway Bridge 26 5-8 

Total 225 39-75 

The water levels observed at HO sites from Paonta to Old Delhi Railway Bridge as evident 

from the Fig. 2.10 to Fig. 2.16 also establishes the travel time between different locations 

as given at Table 2.7. It is observed from Fig. 2.17 showing the flood hydrographs at 

Hathnikund barrage and Okhla barrage that peak flood discharge of 3,59,760 cusecs 
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occurred at Hathnikund barrage on 11.07.2023 at 11.07 Hrs. followed by peak flood 

discharge of 3,72,225 cusecs  at Okhla barrage on 14.07.2023 at 13.00 Hrs.  

 

Fig. 2.8: HO Network of CWC from Paonta to Delhi 

 
Fig. 2.9: HO Network within Delhi i.e. from Palla to Okhla 
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Fig. 2.10: Stage (WL) hydrograph at Paonta during July 2023 

 
Fig. 2.11: Stage (WL) hydrograph at Kalanaur during July 2023 
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Fig. 2.12: Stage (WL) hydrograph at Karnal during July 2023 

 
Fig. 2.13: Stage (WL) hydrograph Mawi during July 2023 
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Fig. 2.14: Stage (WL) hydrograph Baghpat during July 2023 

 
Fig. 2.15: Stage (WL) hydrograph at Palla during July 2023 
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Fig. 2.16: Stage (WL) hydrograph at Old Delhi Railway Bridge during July 2023 

 
Fig. 2.17: Discharge from Hathnikund and Okhla barrages during July 2023 

Note-Above are the observed reported discharge. The discharge at Hathnikund barrage has been 

corrected as there was some error in their computation methodology and used subsequently in the sudy. 

However, the above graph is useful to indicate the flood propagation at the two locations. 
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2.8  Conclusions 

The conclusions drawn from detail catchment representative rainfall analysis during the 

period 09-13th July, 2023 utilizing IMD Gridded Rainfall data and comparing it with 

catchment representative rainfall for the period 1970 to 2023 is summarised in Table 2.8 

Table 2.8: Analysis of the rainfall data for floods during the year 1978 and 2023 

S. 

No. 
Event In 1978 In 2023 

% Increase in 

2023 w.r.t 1978 

1 Annual maximum Sum of 5 days 

Rainfall in Catchment upto  

Hathnikund (mm) 

Catchment Area- 11397 sq km 

222.09 mm 

(31.08.1978 to 

04.09.1978) 

316.94 mm 

(09-13, July 

2023) 

 

+42.7% 

2 Annual maximum Sum of 5 days 

Rainfall in Catchment upto Mawi 

G&D site (mm) 

Catchment Area- 15683 sq km 

230.8 mm 

(31.08.1978 to 

04.09.1978) 

303.6 mm 

(09-13, July 

2023) 

 

+31.5% 

3. Annual maximum Sum of 5 days 

Rainfall in entire catchment upto Old 

Delhi railway bridge (mm) 

Catchment Area- 17882 sq km 

223.12 mm 

(31.08.1978 to 

04.09.1978) 

276.25 mm 

(09-13, July 

2023) 

 

+23.8% 

4. Water Levels at Old Delhi railway 

bridge (m) 

207.49 m 

06 Sep 1978 

208.66 m 

13 July 2023 

 

+ 1.17 m 

From the analysis of catchment representative 5-day cumulative rainfall data as given 

above, it has been found that the catchment representative rainfall at old Delhi railway 

bridge in 2023  is 23.8% more in comparison to rainfall of year 1978. The catchment 

representative rainfall in year 2023 at Mawi G&D site is about 31.5% more in comparison 

to rainfall of year 1978. The catchment representative rainfall in year 2023 at Hathnikund 

barrage site is about 42.7% more in comparison to rainfall of year 1978. The cumulative 

5-day catchment representative rainfall during July 2023 at Hathnikund barrage and Mawi 

G&D site corresponds to rainfall of about 100 year return period. 

From the Stage Hydrograph analysis at various Hydrological Observations (HO) sites on 

river Yamuna as well as from rainfall analysis in Yamuna catchment, it can be concluded 

that rainfall during 9th July, to 13th July, 2023 period was one of the major causative factor 

for extreme flooding in Delhi and other locations along the reach of river Yamuna.  
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3                                            Flood Frequency Analysis 

The chapter is about computation of annual peak discharge at Hathnikund Barrage, Old 

Delhi Rail Bridge & Okhla Barrage and finding discharge corresponding to 5, 10, 25, 

50,100,200 & 500 year return period flood at Hathnikund Barrage, Old Delhi Rail Bridge 

and Okhla Barrage. 

3.1 Annual Peak Discharge at Hathnikund Barrage, Delhi Rail Bridge & Okhla 

Barrage 

3.1.1  Hathnikund Barrage  

Irrigation Department, Govt. of Haryana provided the annual maximum inflow discharge 

observed at Hathnikund Barrage from 1971-2023. Further, the revised discharge 

computations for 2014-2023 during the high flow period were submitted by BCD (N&W) 

Dte. CWC to Hydrology (NE) Dte. CWC, as received from project authorities. Project 

Authority informed that during 2020, there was no free flow (controlled flow) from the 

barrage due to unavailability of gate opening data. The flood frequency analysis has been 

conducted on data of latest 30 years that is 1994-2023 for estimation of return period 

floods. The annual maxima from 1994-2023 is given in Table 3.1 

Table 3.1: Hathnikund Barrage Inflows 

Year 
Max Observed Peak Discharge 

(Cumec) 

Max Observed Peak Discharge 

 (Cusec) 

1994 4247 149968 

1995 15188 536338 

1996 7867 277803 

1997 11295 398849 

1998 15340 541700 

1999 7226 255168 

2000 7899 278953 

2001 7291 257481 

2002 5875 207449 

2003 1631 57607 

2004 1547 54619 

2005 2953 104279 

2006 2950 104158 

2007 2027 71564 
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Year 
Max Observed Peak Discharge 

(Cumec) 

Max Observed Peak Discharge 

 (Cusec) 

2008 7738 273251 

2009 7938 280303 

2010 14055 496338 

2011 12110 427641 

2012 1865 65869 

2013 15225 537643 

2014 9760 344642 

2015 7370 260277 

2016 8537 301454 

2017 8537 301454 

2018 13327 470634 

2019 18480 652584 

2020 1531 54065 

2021 5222 184395 

2022 6481 228854 

2023 11962 422431 

3.1.2 Old Delhi Rail Bridge 

The monsoon peak discharge data (June to September) for period 1970 to 2020 at Delhi 

Railway Bridge has been considered. This data has been taken from water year book 

(June 2020-May 2021) of Yamuna basin shared by Yamuna Basin Organisation. The 

monsoon flood peak derived for period 1970 to 2020 at Delhi Railway Bridge HO site is 

given in Table 3.2 

Table 3.2: Old Delhi Railway Bridge Inflows 

Year 
Max Observed Peak Discharge 

(Cusec) 
Max Observed Peak Discharge 

(Cumec) 

1970 65930 1867 

1971 103516 2931 

1972 89946 2547 

1973 134885 3820 

1974 106267 3009 

1975 312827 8859 
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Year 
Max Observed Peak Discharge 

(Cusec) 
Max Observed Peak Discharge 

(Cumec) 

1976 329083 9319 

1977 158229 4481 

1979 40714 1153 

1980 106429 3014 

1981 67988 1925 

1982 45025 1275 

1983 141691 4012 

1984 43115 1221 

1985 70274 1990 

1986 62413 1767 

1987 5239 148 

1988 199245 5642 

1989 153141 4337 

1990 77444 2193 

1991 17915 507 

1992 109592 3103 

1993 47486 1345 

1994 97696 2767 

1995 248165 7028 

1996 91561 2593 

1997 183877 5207 

1998 119468 3383 

1999 68784 1948 

2000 118871 3366 

2001 122758 3476 

2002 75065 2126 

2003 61301 1736 

2004 25292 716 

2005 45985 1302 

2006 29195 827 

2007 40364 1143 

2008 74840 2119 
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Year 
Max Observed Peak Discharge 

(Cusec) 
Max Observed Peak Discharge 

(Cumec) 

2009 50329 1425 

2010 122413 3466 

2011 71255 2018 

2012 43049 1219 

2013 114381 3239 

2014 28012 793 

2015 37868 1072 

2016 42001 1189 

2017 30567 866 

2018 87935 2490 

2019 102056 2890 

2020 29275 829 

2021 42376 1200 

2022 67166 1902 

2023 247160 6999 

Note: Data consistency for year 2021-23 was done at later stages. Therefore flood 

Frequency analysis has been done for the values up to 2020 which make no difference 

as far as outcome is concerned. 

3.1.3  Okhla Barrage 

Irrigation Department, Govt. of Uttar Pradesh provided the annual maximum discharge 

observed at Okhla Barrage from 1993 to 2023 vide letter dated 20.09.2023. The same is 

given in Table 3.3  

Table 3.3: Okhla Barrage Inflows 

Year 
Max Observed Peak Discharge 

(Cusec) 
Max Observed Peak Discharge 

(Cumec) 

1993 73309 2076.0 

1994 92760 2626.8 

1995 259854 7358.5 

1996 136720 3871.6 

1997 176087 4986.4 

1998 165306 4681.1 

1999 73858 2091.5 
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Year 
Max Observed Peak Discharge 

(Cusec) 
Max Observed Peak Discharge 

(Cumec) 

2000 100730 2852.5 

2001 75034 2124.8 

2002 72940 2065.5 

2003 44195 1251.5 

2004 18522 524.5 

2005 48417 1371.1 

2006 24823 702.9 

2007 27627 782.3 

2008 105835 2997.0 

2009 69206 1959.8 

2010 287885 8152.3 

2011 126520 3582.8 

2012 56007 1586.0 

2013 365573 10352.3 

2014 30655 868.1 

2015 44404 1257.4 

2016 50009 1416.1 

2017 39864 1128.9 

2018 79390 2248.2 

2019 174968 4954.7 

2020 25604 725.1 

2021 62745 1776.8 

2022 116874 3309.6 

2023 372225 10540.6 

Note: There is some error in computational methodology at Okhla Barrage, which the 

project authorities are reconciling in consultation with IIT, Delhi. 
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3.2 Frequency Analysis 

For determination of 50 year, 100 year, 200 year and 500 year return period flood at 

Hathnikund Barrage, Delhi Rail Bridge and Okhla Barrage, flood frequency analysis has 

been used.  

Since frequency analysis is a univariate analysis, detection of effects of change, 

identification of nature of any change detected and appropriate adjustment of the data 

are pre-requisite steps required before frequency model can be used to make probability 

estimates. Therefore, this data has been subjected to Turning Point Test for checking 

randomness, Outlier tests & Trend test - Spearman Rho Test  

The monsoon peak flood values have been subjected to flood frequency analysis using 

Gumble and Log-Pearson Type-III distribution. The best fit has been determined using D-

index test. Distribution with lower D-index value is considered better fit.  

3.3 D-Index results & return period floods 

3.3.1  Hathnikund Barrage 

The result of D-Index test on annual maximum discharge data on Hathnikund Barrage is 

given below: 

Sl. No Distribution D-Index value 

1 Gumble’s 0.836 

2 Log-Pearson 0.882 

Therefore, Gumble distribution is a better fit. The return period floods are given in table 

below: 

Return 
Period 

Discharge 
(cumec) 

90%U confidence 
limit 

90%L confidence 
limit 

5 11541 13752 9330 

10 14327 17313 11341 

25 17847 21873 13821 

50 20458 25275 15641 

100 23050 28661 17439 

200 25633 32041 19224 

500 29040 36505 21574 
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3.3.2 Old Delhi Rail Bridge 

The result of D-Index test on annual maximum discharge data on Old Delhi Rail Bridge is 

given below: 

S No Distribution D-Index value 

1 Gumble’s 2.073 

2 Log-Pearson 2.393 

Therefore, Gumble distribution is a better fit. The return period floods are given in table 

below: 

Return 
Period 

Discharge 
(cumec) 

90%U confidence 
limit 

90%L confidence 
limit 

5 4025 4721 3330 

10 5157 6096 4217 

25 6587 7852 5319 

50 7648 9162 6131 

100 8701 10464 6934 

200 9748 11763 7732 

500 11131 13480 8783 

3.3.3  Okhla Barrage 

The return period flood at Okhla Barrage has been determined as per Gumbel distribution 

because Gumble distribution was best fit for both Hathnikund Barrage and Delhi Rail 

Bridge among Gumble and LPT-III. The return period floods are given in table below: 

Return 

Period 

Discharge 

(cumec) 

90%U confidence 

limit 

90%L confidence 

limit 

5 5040 6269 3811 

10 6614 8274 4954 

25 8603 10841 6365 

50 10079 12756 7401 

100 11543 14663 8424 

200 13003 16565 9440 

500 14928 19078 10778 
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It may be noted that in comparison to Delhi Railway Bridge, the return period flood at 

Okhla barrage seems to be higher. This could be attributed to some errors in 

computations of inflow discharge at Okhla barrage. 

3.4 Conclusions 

The discharge corresponding to return period of 5, 10, 25, 50,100, 200 & 500 years have 

been computed at Hathnikund, Delhi Railway Bridge and Okhla Barrage by utilising the 

past hydrological data available. As Hathnikund released value have already been 

reconciled and discharge at Old Delhi Railway Bridge are observed, hence both are 

considered consistent .Further, discharge values at Okhla are to be reconciled by project 

authority. However, as far as the analysis of flood in Yamuna in Delhi is concerned, the 

discharge values at Old Delhi Railway Bridge are most important which are consistent.  

The discharge of different return year period flood is utilised as a key input for carrying 

out 2D model study for estimation of area under submergence, drainage congestion at 

various drains in Delhi NCR region, knowing the afflux at various locations in river 

Yamuna and potential overtopping of embankments  as elaborated in chapter 5 of the 

report. The flood discharge of different year return period would also guide in planning of 

bank protection and various structures of flood protection along the course of river 

Yamuna. 
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4                             Carrying Capacity of River Yamuna 

4.1 Introduction  

The carrying capacity of flood discharge in the reach of river Yamuna has been carried 

out using the surveyed river cross sections supplied by Irrigation & Water Resource 

Department, Government of Haryana at an interval of 500 m to 1000 m. The river cross 

sections as supplied is given in Table 4.1. 

Table 4.1: Cross section details of river Yamuna supplied by I&WRD, Government of 
Haryana 

Sr. 
No. 

Division Cross section data supplied 

1 Yamuna Nagar Division From RD 900 m to 59900 m downstream of 
Hathnikund barrage 

2 Karnal Division From RD 6979 m to 70980 m 

3 Panipat Division From RD 0 m to 38500 m 

4 Bega bund Rai Division From RD 0 m to 4724 m 

5 Sonipat Division From RD 0 m to 9500 m 

6 Rai Division 

(RD 0m to 22112 m total) 

From RD 0 m to 7879 m - Mehendipur Jajjal bund 

From RD 500 m to 2667 m - Jajjal bund 

From RD 500 m to 1935 m – Jajjal Jhundpur bund 

From RD 500 m to 2392 m – Tanda bund 

From RD 500 m to 7239 m – Tanda Khurampur bund 

7 Delhi Division of Haryana From RD 0 m to 3500 m 

The carrying capacity of flood discharge for each of the above reaches of river Yamuna 

has been carried out by 1 Dimensional water profile simulation study on HEC-RAS. As 

the cross sections were surveyed from bunds to bunds where bunds are existing, hence 

river channel and flood plain between channel and bund are envisaged in the bathymetry. 

Accordingly, the equivalent value of Manning’s n has been adopted as 0.030. The reach 

of river Yamuna from Hathnikund barrage to Delhi-Haryana border is shown in Fig. 4.1. 
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Fig. 4.1: Reach of river Yamuna from Hathnikund barrage to Delhi-Haryana border 

4.2 Simulation results for the reach of river Yamuna from RD 900 m to 59900 m 
downstream of Hathnikund barrage of Yamuna Nagar Division 

For this reach of river, using the surveyed cross sections available at every 1000 m the 

HEC-RAS model set up was completed for one dimensional water profile study. The 

discharge has been applied as upstream boundary. The normal depth has been adopted 

as downstream boundary applied at last cross section of the study reach. The HEC-RAS 

model set-up is shown in Fig. 4.2. From the water profile study the discharge carrying 

capacity has been estimated about 21000 cumec from RD 900 m to 5900 m, 11000 

cumec from RD 6900 m to 15900 m, 4000 cumec from RD 16900 m to 23900 m and 3000 

cumec from RD 24900 m to 59900 m. The simulation results are given in Table 4.2.The 

longitudinal profile of the river consisting of water bed profile, water surface profile, left 

bund profile and right bund profile is given in Fig. 4.3. 
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Fig. 4.2: HEC-RAS Model set up for the reach of river Yamuna from Hathnikund barrage 
up 59900 m downstream 

Table 4.2: Water profile simulation results of river Yamuna from RD 900 m to 59900 m of 
Yamuna Nagar Division 

(Note: LOB represents left bank/bund elevation, ROB represents righy bank/bund elevation) 

Reach River 

Sta 

Dischar

ge 

Rive bed 

Elev 

Water surface 

Elev 

LOB 

Elev 

ROB 

Elev 

Flow 

width 

 (m) (cumec) (m) (m) (m) (m) (m) 

HKBDS 900 21000.0

0 

315.84 330.53 332.81 328.94 539.34 

HKBDS 1900 21000.0

0 

313.39 326.49 329.63 328.84 328.37 

HKBDS 2900 21000.0

0 

310.54 322.12 327.46 326.42 365.00 

HKBDS 3900 21000.0

0 

307.88 320.12 322.35 327.52 542.01 

HKBDS 4900 21000.0

0 

305.45 315.39 320.00 323.81 356.99 

HKBDS 5900 21000.0

0 

303.16 311.83 318.25 319.71 670.92 

HKBDS 6900 11000.0

0 

299.92 309.20 303.71 309.87 302.26 

HKBDS 7900 11000.0

0 

297.79 307.08 307.51 305.96 484.34 

HKBDS 8900 11000.0

0 

295.77 304.07 303.08 308.44 446.36 

HKBDS 9900 11000.0

0 

292.99 299.62 300.20 299.30 602.21 

HKBDS 10900 11000.0

0 

289.67 296.69 304.20 301.61 800.61 

HKBDS 11900 11000.0

0 

286.54 294.71 297.60 297.39 520.88 
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Reach River 

Sta 

Dischar

ge 

Rive bed 

Elev 

Water surface 

Elev 

LOB 

Elev 

ROB 

Elev 

Flow 

width 

 (m) (cumec) (m) (m) (m) (m) (m) 

HKBDS 12900 11000.0

0 

285.97 293.23 295.96 296.78 777.23 

HKBDS 13900 11000.0

0 

283.45 290.00 293.58 294.60 772.29 

HKBDS 14900 11000.0

0 

281.24 288.04 290.46 290.21 1362.0

7 HKBDS 15900 11000.0

0 

280.28 284.37 288.41 287.14 1006.6

9 HKBDS 16900 4000.00 277.24 282.76 283.64 284.36 931.08 

HKBDS 17900 4000.00 276.50 281.53 281.98 281.82 587.38 

HKBDS 18900 4000.00 275.61 279.29 280.23 280.46 886.66 

HKBDS 19900 4000.00 273.68 277.48 278.49 277.96 769.01 

HKBDS 20900 4000.00 271.65 275.60 277.01 275.77 1091.1

8 HKBDS 21900 4000.00 269.68 274.50 275.26 276.74 1058.1

0 HKBDS 22900 4000.00 267.73 272.17 273.27 275.65 417.79 

HKBDS 23900 4000.00 265.57 270.58 280.43 275.17 889.80 

HKBDS 24900 3000.00 263.82 269.99 272.01 270.13 577.90 

HKBDS 25900 3000.00 263.93 269.62 270.62 270.48 500.69 

HKBDS 26900 3000.00 262.88 269.25 269.76 268.86 511.33 

HKBDS 27900 3000.00 262.37 269.09 269.68 269.73 642.17 

HKBDS 28900 3000.00 262.09 268.58 269.46 269.40 306.79 

HKBDS 29900 3000.00 261.75 267.77 268.48 268.51 307.57 

HKBDS 30900 3000.00 261.49 267.17 268.14 267.81 492.81 

HKBDS 31900 3000.00 261.13 266.35 268.63 267.55 381.23 

HKBDS 32900 3000.00 260.49 266.39 266.78 266.83 1097.2

2 HKBDS 33900 3000.00 259.67 265.96 266.53 266.30 277.24 

HKBDS 34900 3000.00 259.38 265.44 265.22 266.05 420.43 

HKBDS 35900 3000.00 258.92 264.98 265.22 265.26 422.05 

HKBDS 36900 3000.00 258.76 264.31 263.97 264.65 340.58 

HKBDS 37900 3000.00 258.44 263.39 264.81 264.44 532.61 

HKBDS 38900 3000.00 257.63 262.59 264.02 263.97 1240.1

6 HKBDS 39900 3000.00 257.23 262.23 262.87 263.18 1239.8

7 HKBDS 40900 3000.00 256.84 261.69 262.58 262.65 580.24 

HKBDS 41900 3000.00 255.76 261.05 262.01 260.52 521.73 

HKBDS 42900 3000.00 254.63 260.75 261.74 260.04 683.02 
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Reach River 

Sta 

Dischar

ge 

Rive bed 

Elev 

Water surface 

Elev 

LOB 

Elev 

ROB 

Elev 

Flow 

width 

 (m) (cumec) (m) (m) (m) (m) (m) 

HKBDS 43900 3000.00 253.86 260.05 261.40 260.55 589.43 

HKBDS 44900 3000.00 253.61 259.44 259.65 260.15 534.30 

HKBDS 45900 3000.00 253.29 259.08 259.63 259.25 724.46 

HKBDS 46900 3000.00 252.88 258.50 259.88 258.87 890.96 

HKBDS 47900 3000.00 252.43 257.59 258.43 258.20 916.11 

HKBDS 48900 3000.00 251.57 257.00 256.72 256.85 971.94 

HKBDS 49900 3000.00 251.19 256.29 256.42 256.32 628.68 

HKBDS 50900 3000.00 250.87 255.90 256.16 257.15 802.55 

HKBDS 51900 3000.00 250.27 255.36 256.14 256.48 430.55 

HKBDS 52900 3000.00 249.81 254.87 254.66 256.50 607.14 

HKBDS 53900 3000.00 249.54 254.45 255.75 256.11 599.75 

HKBDS 54900 3000.00 248.43 254.10 254.83 255.30 659.09 

HKBDS 55900 3000.00 248.34 253.43 254.45 257.60 398.80 

HKBDS 56900 3000.00 247.88 252.77 254.00 253.83 551.60 

HKBDS 57900 3000.00 247.67 252.60 254.07 253.48 1289.8

7 HKBDS 58900 3000.00 247.66 252.22 254.88 254.75 430.63 

HKBDS 59900 3000.00 247.18 251.72 253.13 253.38 398.74 

Note:- In some reaches, spills are allowed beyond banks as informed by the I&WRD, 

Govt. of Haryana .Further embankment have been provided in certain reaches for 

protection of particular area. 
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Fig. 4.3: Longitudinal profile of river Yamuna (RD 900 to 59900 m) of Yamuna Nagar Div. 

4.3 Simulation results for the reach of river Yamuna from RD 6979 m to 70980 m 
of Karnal Division 

The cross sections of river Yamuna were provideded by Yamuna Nagar Division from RD 

900 m to 59900 m downstream of Hathnikund barrage. Further downstream cross 

sections were provided by Karnal Division from RD 6979 m to 70980 m at every 1000 m.  

For this reach of river, using the surveyed cross sections available at every 1000 m the 

HEC-RAS model set up was completed for one dimensional water profile study. The 

discharge has been applied as upstream boundary. The normal depth has been adopted 

as downstream boundary applied at last cross section of the study reach. From the water 

profile study the discharge carrying capacity has been estimated about 1000 cumec from 

RD 6979 m to 15979 m, 5000 cumec from RD 16979 m to 19979 m, 11000 cumec from 

RD 20979 m to 49980 m, 5000 cumec from RD 50980 m to 58980 m and 6000 cumec 

from RD 59980 m to 70980 m. The simulation results are given in Table 4.3. The 

longitudinal profile of the river consisting of water bed profile, water surface profile, left 

bund profile and right bund profile is given in Fig. 4.4. 
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Table 4.3: Water profile simulation results from RD 6979 m to 70980 m of Karnal Divn 

Reach 
River 

Sta 

Discharg

e 

Rive 

bed 

Elev 

Water 

surface 

Elev 

LOB Elev ROB 

Elev 

Flow 

width 

(m) (cumec) (m) (m) (m) (m) (m) 

Karnal 6979 1000 252.95 257.65 260.1 258.5 1406.01 

Karnal 7979 1000 252.76 257.34 259.73 258.73 1829.93 

Karnal 8979 1000 253.43 256.74 260.11 259.1 1246.00 

Karnal 9979 1000 252 256.36 257.71 257.47 1480.78 

Karnal 10979 1000 252.67 256.16 259.51 258.03 942.96 

Karnal 11979 1000 252.12 256.05 259.86 257.88 785.74 

Karnal 11980 1000 252.09 255.91 258.71 255.85 2000.83 

Karnal 12979 1000 251.54 255.89 258.83 256.4 476.94 

Karnal 14979 1000 250.14 255.85 257.57 255.59 2721.13 

Karnal 15979 1000 251.74 255.77 257.78 255.69 5009.63 

Karnal 16979 5000 251.12 255.42 257.5 256.39 5778.69 

Karnal 17979 5000 250.31 255.13 257.37 258.65 5954.15 

Karnal 18979 5000 250.06 255.01 256.45 258.09 4709.82 

Karnal 19979 5000 249.84 254.93 255.38 257.81 4685.42 

Karnal 20979 11000 249.44 254.72 255.25 257.06 4399.61 

Karnal 21979 11000 248.13 254.35 254.81 256.17 4558.08 

Karnal 22979 11000 248.56 253.43 255.58 255.88 4155.80 

Karnal 23979 11000 247 253.21 255.43 255.32 4089.64 

Karnal 24979 11000 247.14 253.01 255.8 254.53 4062.67 

Karnal 25979 11000 247.05 252.71 255.81 254 4358.66 

Karnal 26979 11000 246.74 252.42 255.07 254.49 4640.97 

Karnal 27979 11000 246.06 252.15 253.73 252.75 3355.01 

Karnal 28979 11000 246.02 251.96 254.2 252.77 2399.81 

Karnal 29979 11000 245.8 251.69 253.9 252.53 1961.72 

Karnal 30979 11000 245.99 251.17 253.9 252.2 2581.37 

Karnal 31979 11000 246.01 250.73 253.42 250.87 2966.96 

Karnal 32979 11000 244.59 250.47 252.97 250.67 3296.39 

Karnal 33979 11000 244.32 250.29 251.87 251.1 3408.27 
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Reach 
River 

Sta 

Discharg

e 

Rive 

bed 

Elev 

Water 

surface 

Elev 

LOB Elev ROB 

Elev 

Flow 

width 

(m) (cumec) (m) (m) (m) (m) (m) 

Karnal 34979 11000 243.93 249.99 252.09 250.89 2612.70 

Karnal 35979 11000 243.72 249.64 251.45 250.67 2824.32 

Karnal 36979 11000 243.84 249.27 250.92 250.57 2942.63 

Karnal 37979 11000 242.22 248.74 250.21 250.38 2401.04 

Karnal 38980 11000 242.31 248.32 249.2 249.76 2071.67 

Karnal 39980 11000 240.97 247.92 249.45 249.16 2284.24 

Karnal 40980 11000 240.73 247.5 248.43 248.16 2451.94 

Karnal 41980 11000 240.57 247.17 248.19 248.05 2358.26 

Karnal 42980 11000 240.04 246.79 247.71 247.81 2303.80 

Karnal 43980 11000 239.85 246.4 246.76 247.23 2211.08 

Karnal 45980 11000 238.7 245.97 246.89 246.31 1676.26 

Karnal 46980 11000 239.46 244.74 246.76 245.31 1943.26 

Karnal 47980 11000 239.3 244.3 246.08 244.91 2282.26 

Karnal 48980 11000 237.7 243.87 244.83 246.3 2368.28 

Karnal 49980 11000 237.42 243.15 242.81 244.71 2095.05 

Karnal 50980 5000 237.42 242.57 242.81 244.71 2082.72 

Karnal 51980 5000 237.28 241.98 243.9 243.74 3160.59 

Karnal 52980 5000 236.56 241.62 243.63 243.58 3377.02 

Karnal 53980 5000 236.02 241.44 243.62 243.17 3565.32 

Karnal 54980 5000 236.24 241.16 243.2 243.25 3193.67 

Karnal 55980 5000 236.19 240.82 241.63 242.95 2660.67 

Karnal 56980 5000 235.52 240.53 241.02 242.94 2641.08 

Karnal 57980 5000 235.35 240.29 240.79 242.34 2583.66 

Karnal 58980 5000 235.01 240.14 240.36 242.34 2482.73 

Karnal 59980 6000 234.5 239.94 239.79 242.12 2473.27 

Karnal 60980 6000 234.45 239.56 239.63 242.12 2461.91 

Karnal 61980 6000 234.35 239.14 239.87 241.53 2980.70 

Karnal 62980 6000 233.94 238.89 239.46 241.03 3379.86 

Karnal 64980 6000 233.21 238.73 240.05 241.13 4375.94 
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Reach 
River 

Sta 

Discharg

e 

Rive 

bed 

Elev 

Water 

surface 

Elev 

LOB Elev ROB 

Elev 

Flow 

width 

(m) (cumec) (m) (m) (m) (m) (m) 

Karnal 65980 6000 233.21 238.43 238.87 240.34 4502.48 

Karnal 66980 6000 232.72 238.31 239.27 239.81 4682.89 

Karnal 67980 6000 232.72 238.2 239.46 239.82 3779.09 

Karnal 68980 6000 232.06 238.04 238.16 239.29 2785.05 

Karnal 69980 6000 232.01 237.84 238.2 239.39 2781.97 

Karnal 70980 6000 232.06 237.56 238.21 239.25 2780.29 

 

Fig. 4.4: Longitudinal profile of river Yamuna (RD 7979 m to 70890 m) of Karnal Division 

4.4 Simulation results for the reach of river Yamuna from RD 0 m to 39000 m of 
Panipat Division 

Cross sections of river Yamuna were provided by Karnal Division from RD 6979 m to 

70980 m at every 1000 m.  Further downstream cross sections were provided by Panipat 

Division from RD 0 m to 39000 m.  For this reach of river, using the surveyed cross 

sections at every 1000 m the HEC-RAS model set up was completed for one dimensional 

water profile study. The discharge has been applied as upstream boundary. The normal 

depth has been adopted as downstream boundary applied at last cross section of the 

study reach. From the water profile study the discharge carrying capacity has been 

estimated about 11000 cumec from RD 0 m to 25000 m, 8000 cumec from RD 26000 m 

to 36000 m and 2000 cumec from RD 37000 m to 39000m. The simulation results are 
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given in Table 4.4 The longitudinal profile of the river consisting of water bed profile, water 

surface profile, left bund profile and right bund profile is given in Fig. 4.5. 

Table 4.4: Water profile simulation results of river Yamuna from RD 0 m to 39000 m of 
Panipat Division 

Reach River 

Sta 

Dischar

ge 

River 

bed Elev 

Water 

surface 

Elev 

LOB 

Elev 

ROB 

Elev 

Flow 

width 

 (m) (cumec) (m) (m) (m) (m) (m) 

Panipat 0 11000 230.67 237.25 236.45 238.12 1895.14 

Panipat 500 11000 229.72 237.01 237.67 238.15 1505.08 

Panipat 1000 11000 230.2 236.78 237.88 238.05 1757.81 

Panipat 2000 11000 226.59 236.59 236.86 238.08 2587.27 

Panipat 3000 11000 228.59 236.43 236.93 237.53 2851.39 

Panipat 4000 11000 227.67 236.16 236.79 236.8 2284.92 

Panipat 5000 11000 228.04 235.88 236.26 236.61 2452.32 

Panipat 6000 11000 228.07 235.66 235.87 236.22 2545.71 

Panipat 7000 11000 227.54 235.36 235.61 235.6 1820.64 

Panipat 8000 11000 226.74 235.06 235.58 235.25 2090.86 

Panipat 9000 11000 226.26 234.7 235.15 235.55 1851.48 

Panipat 10000 11000 227.46 234.24 234.95 235.22 1766.62 

Panipat 11000 11000 225.84 233.58 233.72 234.45 1412.30 

Panipat 12000 11000 225.92 233.22 234.2 236.1 2920.75 

Panipat 13000 11000 225.83 232.98 233.72 233.81 3135.25 

Panipat 14000 11000 225.57 232.82 233.44 233.66 3361.74 

Panipat 15000 11000 225.06 232.58 233.38 233.06 2359.43 

Panipat 16000 11000 225.17 232.01 232.23 232.92 1445.31 

Panipat 17000 11000 224.61 231.25 232.57 232.56 2469.14 

Panipat 18000 11000 222.88 230.89 231.68 231.71 4319.75 

Panipat 19000 11000 224.07 230.74 231.76 232.7 4132.86 

Panipat 20000 11000 223.65 230.58 230.68 232.12 3377.41 

Panipat 21000 11000 222.25 230.34 230.95 234.7 3295.57 

Panipat 22000 11000 222.26 229.94 230.74 246.11 2458.30 

Panipat 23000 11000 222.56 229.49 230.56 234.49 2434.16 
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Reach River 

Sta 

Dischar

ge 

River 

bed Elev 

Water 

surface 

Elev 

LOB 

Elev 

ROB 

Elev 

Flow 

width 

 (m) (cumec) (m) (m) (m) (m) (m) 

Panipat 24000 11000 222.1 229.08 230.17 231.99 2730.64 

Panipat 25000 11000 219.85 228.5 229.53 232.02 2644.19 

Panipat 26000 8000 220.55 228.11 228 232.78 2336.68 

Panipat 27000 8000 221.28 227.85 228.26 228.01 2515.52 

Panipat 28000 8000 220.55 227.51 227.7 227.1 2663.90 

Panipat 29000 8000 220.57 227.08 227.59 232.56 2536.54 

Panipat 30000 8000 220.91 226.7 227.78 227.23 3172.04 

Panipat 31000 8000 218.78 226.32 227.06 226.98 3654.41 

Panipat 32000 8000 218.75 225.9 226.16 227.14 3126.31 

Panipat 33000 8000 219.01 225.59 225.8 226.77 3863.90 

Panipat 34000 8000 218.55 225.36 226.1 231.04 3992.67 

Panipat 35000 8000 219.29 224.97 226.42 230.97 3567.61 

Panipat 36000 8000 218.42 223.78 225.63 229.45 3066.78 

Panipat 37000 2000 218.28 223.06 222.84 227.11 2117.53 

Panipat 38000 2000 217.82 222.93 224.43 224.77 1593.01 

Panipat 39000 2000 218.53 222.73 225.51 230.68 1869.19 

 

 

Fig. 4.5: Longitudinal profile of river Yamuna from RD 0 m to 39000 m of Panipat Division 
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4.5 Simulation results for the reach of river Yamuna from RD 0 m to 4724 m of 
Bega Bund Rai Division 

For this reach of river, using the surveyed cross sections at every 500 m the HEC-RAS 

model set up was completed for one dimensional water profile study. The discharge has 

been applied as upstream boundary. The normal depth has been adopted as downstream 

boundary applied at last cross section of the study reach. From the water profile study 

the discharge carrying capacity has been estimated about 3500 cumec from RD 0 m to 

2500 m and 13000 cumec from RD 3000 m to 4724 m. The simulation results are given 

in Table 4.5.The longitudinal profile of the river consisting of water bed profile, water 

surface profile, left bund profile and right bund profile is given in Fig. 4.6. 

Table 4.5: Water profile simulation results of river Yamuna from RD 0 m to 4724 m of 
Bega Bund Rai Division 

Reach River 

Sta 

Dischar

ge 

Rive bed 

Elev 

Water 

surface Elev 

LOB Elev ROB 

Elev 

Flow 

width 

 (m) (cumec) (m) (m) (m) (m) (m) 

Begabund 0 3500 214.92 222.91 223.61 223.5 1147.

82 Begabund 500 3500 214.48 222.66 223.97 222.87 1374.

95 Begabund 1000 3500 214.1 222.25 224.87 223.37 1264.

37 Begabund 1500 3500 214.11 222.28 225.01 223.54 2531.

50 Begabund 2000 3500 215.26 222.17 224.46 227.42 2350.

60 Begabund 2500 3500 215.2 221.84 224.63 222.49 1822.

00 Begabund 3000 13000 214.74 223.57 226.28 225.8 2406.

80 Begabund 3500 13000 216.16 223.47 224.17 224.17 4382.

17 Begabund 4000 13000 213.31 223.29 223.67 223.65 2955.

34 Begabund 4724 13000 213.31 222.99 223.64 223.86 2912.

14  
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Fig. 4.6: Longitudinal profile of river Yamuna from RD 0 m to 4724 m of Rai Division 

4.6 Simulation results for the reach of river Yamuna from RD 0 m to 9500 m of 
Sonipat Division 

For this reach of river, using the surveyed cross sections at every 500 m the HEC-RAS 

model set up was completed for one dimensional water profile study. The discharge has 

been applied as upstream boundary. The normal depth has been adopted as downstream 

boundary applied at last cross section of the study reach. From the water profile study 

the discharge carrying capacity has been estimated about 9500 cumec from RD 0 m to 

9500 m. The simulation results are given in Table 4.6. The longitudinal profile of the river 

consisting of water bed profile, water surface profile, left bund profile and right bund profile 

is given in Fig. 4.7. 

Table 4.6: Water profile simulation results of river Yamuna from RD 0 m to 9500 m of 
Sonipat Division 

Reach River 

Sta 

Discharge Rive bed 

Elev 

Water 

surface 

Elev 

LOB 

Elev 

ROB 

Elev 

Flow 

width 

 (m) (cumec) (m) (m) (m) (m) (m) 

Sonepat 0 9500 213.63 222.26 222.91 222.53 2979.47 

Sonepat 500 9500 213.81 222.17 222.87 222.25 3056.28 

Sonepat 1000 9500 214.27 222.05 222.54 223.57 3014.88 

Sonepat 1500 9500 213.93 221.95 222.48 226.28 3170.57 
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Reach River 

Sta 

Discharge Rive bed 

Elev 

Water 

surface 

Elev 

LOB 

Elev 

ROB 

Elev 

Flow 

width 

 (m) (cumec) (m) (m) (m) (m) (m) 

Sonepat 2000 9500 215.11 221.87 222.76 224.22 3060.06 

Sonepat 2500 9500 213.46 221.8 222.31 224.34 2892.21 

Sonepat 3000 9500 214.22 221.73 222.38 227.92 2907.62 

Sonepat 3500 9500 213.75 221.63 222.14 226.62 2801.84 

Sonepat 4000 9500 213.89 221.5 221.83 222.13 2978.40 

Sonepat 4500 9500 213.21 221.24 222.1 223.46 2090.36 

Sonepat 5000 9500 213.77 220.95 222.41 222.28 2122.28 

Sonepat 5500 9500 212.95 220.69 222.94 223.34 2080.87 

Sonepat 6000 9500 213.64 220.46 221.67 222.69 1824.88 

Sonepat 6500 9500 212.38 220.36 221.27 221.5 2196.06 

Sonepat 7000 9500 213.52 220.22 220.88 220.81 2462.98 

Sonepat 7500 9500 212.74 220 219.93 220.84 3026.42 

Sonepat 8000 9500 212.14 219.71 220.18 222.32 2998.50 

Sonepat 8500 9500 212.31 219.42 220.38 221.1 3061.72 

Sonepat 9000 9500 212.19 219.03 220.38 223.59 3364.55 

Sonepat 9500 9500 211.41 218.67 220.24 224.72 3457.08 

 

Fig. 4.7: Longitudinal profile of river Yamuna from RD 0 m to 9500 m of Sonipat Division 
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4.7 Simulation results for the reach of river Yamuna from RD 0 m to 22112 m of 
Mehendirpur Jajjal bund to Tanda bund of Rai Division 

For this reach of river, using the surveyed cross sections at every 500 m the HEC-RAS 

model set up was completed for one dimensional water profile study. The discharge has 

been applied as upstream boundary. The normal depth has been adopted as downstream 

boundary applied at last cross section of the study reach. From the water profile study 

the discharge carrying capacity has been estimated about 2200 cumec from RD 0 m to 

15373 m and 1200 cumec from RD 15873m to RD 22112m. The simulation results are 

given in Table 4.7. The longitudinal profile of the river consisting of water bed profile, 

water surface profile, left bund profile and right bund profile is given in Fig. 4.8  

Table 4.7: Water profile simulation results of river Yamuna from RD 0 m to 22112 m of 
Mehendipur Jajjal bund to Tanda bund of Rai division 

Reach River 

Sta 

Discharg

e 

Rive 

bed 

Elev 

Water 

surfac

e Elev 

LOB 

Elev 

ROB 

Elev 

Flow 

width 

 (m) (cumec) (m) (m) (m) (m) (m) 

MJ-Tanda 

bund 

0 2200 213.12 218.54 221.57 218.67 1334.04 

MJ-Tanda 

bund 

500 2200 212.72 218.41 221.3 218.96 1678.64 

MJ-Tanda 

bund 

1000 2200 212.8 218.27 221.02 220.12 1805.10 

MJ-Tanda 

bund 

1500 2200 212.1 218.18 221.21 219.44 1792.47 

MJ-Tanda 

bund 

2000 2200 211.16 218.15 220.75 218.53 1450.13 

MJ-Tanda 

bund 

2500 2200 211.46 218.09 220.68 218.24 755.90 

MJ-Tanda 

bund 

3000 2200 212.03 217.98 220.3 218.21 655.16 

MJ-Tanda 

bund 

3500 2200 212.03 217.65 219.9 218.19 464.91 

MJ-Tanda 

bund 

4000 2200 211.62 217.41 219.94 217.92 360.45 

MJ-Tanda 

bund 

4500 2200 211.93 217.23 219.6 217.42 755.14 

MJ-Tanda 

bund 

5000 2200 213 216.9 219.48 217.49 600.32 

MJ-Tanda 

bund 

5500 2200 212.02 216.74 219.7 218.39 1346.85 

MJ-Tanda 

bund 

6000 2200 211.63 216.55 219.84 218.16 1295.52 

MJ-Tanda 

bund 

6500 2200 210.2 216.49 217.72 220.04 2717.21 

MJ-Tanda 

bund 

7000 2200 210.31 216.38 217.84 220.2 2172.38 

MJ-Tanda 

bund 

7879 2200 210.92 216.14 219.69 223.16 759.48 

MJ-Tanda 

bund 

8379 2200 210.81 216.06 219.58 223.01 754.53 

MJ-Tanda 

bund 

8879 2200 211.04 215.99 218.9 219.26 3275.97 

MJ-Tanda 

bund 

9379 2200 211.16 215.87 219.02 219.38 3069.41 
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Reach River 

Sta 

Discharg

e 

Rive 

bed 

Elev 

Water 

surfac

e Elev 

LOB 

Elev 

ROB 

Elev 

Flow 

width 

 (m) (cumec) (m) (m) (m) (m) (m) 

MJ-Tanda 

bund 

9879 2200 208.05 215.85 219.11 219.12 3871.65 

MJ-Tanda 

bund 

10546 2200 211.25 215.79 219.11 219.47 2874.67 

MJ-Tanda 

bund 

11046 2200 208.95 215.72 218.65 215.73 4411.42 

MJ-Tanda 

bund 

11546 2200 209.06 215.66 218.46 215.64 4347.03 

MJ-Tanda 

bund 

12046 2200 208.95 215.59 218.35 215.73 3880.64 

MJ-Tanda 

bund 

12481 2200 208.83 215.52 218.43 215.62 3896.74 

MJ-Tanda 

bund 

12981 2200 208.92 215.43 218.52 215.81 3457.02 

MJ-Tanda 

bund 

13481 2200 208.77 215.34 218.8 216.95 3124.25 

MJ-Tanda 

bund 

13981 2200 209 215.22 218.89 215.59 2418.11 

MJ-Tanda 

bund 

14873 2200 209.15 214.87 216.01 215.9 1491.05 

MJ-Tanda 

bund 

15373 2200 209.26 214.6 216.16 215.06 959.71 

MJ-Tanda 

bund 

15873 1200 208.36 214.37 216.34 214.2 1612.82 

MJ-Tanda 

bund 

16373 1200 208.27 213.92 216.34 214.11 858.23 

MJ-Tanda 

bund 

16873 1200 208.39 213.75 215.88 214.18 917.18 

MJ-Tanda 

bund 

17373 1200 208.84 213.63 215.73 214.06 873.52 

MJ-Tanda 

bund 

17873 1200 208.04 213.46 215.06 213.55 893.34 

MJ-Tanda 

bund 

18373 1200 208.13 213.26 215.13 213.63 469.73 

MJ-Tanda 

bund 

18873 1200 208.31 213 215.38 213.8 546.89 

MJ-Tanda 

bund 

19373 1200 207.88 212.9 214.88 213.47 883.04 

MJ-Tanda 

bund 

19873 1200 207.2 212.67 214.81 213.95 888.69 

MJ-Tanda 

bund 

20373 1200 206.95 212.2 214.77 216.7 657.11 

MJ-Tanda 

bund 

20873 1200 207.11 212 214.53 211.65 913.23 

MJ-Tanda 

bund 

21373 1200 206.82 211.86 212.54 210.97 878.46 

MJ-Tanda 

bund 

22112 1200 205.86 211.66 214.14 210.51 1261.37 
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Fig. 4.8: Longitudinal profile of river Yamuna from RD 0 m to 22112 m of Mehendipur Jajjal 
bund to Tanda bund of Rai division 

4.8 Simulation results for the reach of river Yamuna from RD 0 m to 3500 m of 
Delhi Division 

For this reach of river, using the surveyed cross sections at every 500 m the HEC-RAS 

model set up was completed for one dimensional water profile study. The discharge has 

been applied as upstream boundary. The normal depth has been adopted as downstream 

boundary applied at last cross section of the study reach. From the water profile study 

the discharge carrying capacity has been estimated about 30000 cumec from RD 500 m 

to 3500 m. The simulation results are given in Table 4.8. The longitudinal profile of the 

river consisting of water bed profile, water surface profile, left bund profile and right bund 

profile is given in Fig. 4.9 . 

Table 4.8:  Water profile simulation results of river Yamuna from RD 0 m to 3500 m of 
Delhi division 

Reac

h 

River 

Sta 

Discharg

e 

River bed 

Elev 

Water surface 

Elev 

LOB 

Elev 

ROB 

Elev 

Flow 

width 

 (m) (cumec) (m) (m) (m) (m) (m) 

Delhi 0 30000 207.2 216.14 215.61 225.33 4660.9

3 Delhi 500 30000 207.13 216.03 216.9 216.98 5264.5

9 Delhi 1000 30000 206.53 215.93 216.75 216.56 5085.3

1 Delhi 1500 30000 205.99 215.82 216.9 216.47 4848.4

0 Delhi 2000 30000 206.26 215.68 216.73 216.43 4646.8

1 Delhi 2500 30000 206.69 215.54 216.51 216.29 4624.3

2 Delhi 3000 30000 205.88 215.37 216.5 215.75 4402.6

6 Delhi 3500 30000 206.25 215.16 216.3 215.79 4284.3
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Fig. 4.9: Longitudinal profile of river Yamuna from RD 0 m to 3500 m of Delhi division 

4.9 Limitations of the Study 

The estimated discharge carrying capacity are indicative values only which has been 

estimated using the surveyed river cross section data provided by Government of 

Haryana. The discharge carrying capacity has been estimated with respect to bank 

elevations as per surveyed cross sections. Any variation in bank elevations shall result in 

variation of discharge carrying capacity. Further, the water surface elevation has been 

computed, assuming a conservative Manning’s n of 0.030. A variation in Manning’s n 

shall give slightly higher or lower value of water surface elevation. 

4.10 Conclusions and Recommendations 

This study is based on cross-sectional data provided by the Irrigation & Water Resource 

Department, Government of Haryana. As limited data of cross-section has been provided, 

the results looks like erratic. Therefore, Hec-Ras Model used for the study has been 

shared with the Irrigation and Water Resources Department, Government of Haryana, for 

refinement as per proper cross-sections and validation to arrive at realistic carrying 

capacity in various reaches. 

From above, It can be seen that the carrying capacity of river Yamuna in various divisions 

spread across 202 Km varies from 1000 cumecs ( in Karnal Division between RD 6976m 

to 15979m) to 30000 cumec (Delhi Division between RD 500m to 3500m) reach between 

RD0 to RD 3500m of Delhi division. However, at some places embankments has been 

provided to protect certain areas. Further, spilling beyond banks also happen during 

heavy flood and managed by Govt. of Haryana as per their procedures.  
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5                         2-D Modeling and Submergence Area  

5.1 Introduction 

As per the ToR of the constituted committee, the studies which were required to be carried 

out included: 

I. 2D modelling and submergence area estimation for the reach of River Yamuna 

from 10 km upstream of Wazirabad Barrage and up to 10 km downstream of Okhla 

barrage. 

II.  Identification of possible drainage congestion in Delhi in case of high spate of 

River Yamuna. 

III. Afflux of barrages, bridges, flood protection and other structure in the study reach 

of the river. 

The 2D hydrodynamic flood model studies in this regard is carried out by Hydrological 

Studies Organization (HSO), CWC wherein a 2D hydrodynamic model has been 

developed with an objective to find out- 

1. Submergence area estimation- 

a.  Submergence area estimation w.r.t. 2, 5, 10, 25, 50 and 100 year flood 

b.  Embankment overtopping analysis 

2. Identification of Drainage congestion and its operating mechanism 

3. Afflux of existing structures  

5.2 Two Dimensional (2-D) Modeling and Submergence Area estimation 

5.2.1  Submergence area estimation w.r.t. 2, 5, 10, 25, 50 and 100 year flood 

To carry out this analysis, the monsoon peak discharge data (June to September) from 

period 1970 to 2020 at Delhi Railway Bridge (DRB) HO site has been considered. This 

data has been provided by Yamuna Basin Organization, Central Water Commission. 

Also, the flood peak for July, 2023 at DRB was given by YBO, CWC kept as an 

attachment 5a. The monsoon flood peak derived from period 1970 to 2020 at Delhi 

Railway Bridge HO site is given in the Table 5.1. 
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Table 5.1: The monsoon peak discharge data from period 1970 to 2020 at Old Delhi 
Railway Bridge 

Year 
Max Observed Peak 
Discharge(Cumec) 

(Cumec) 

Year 
Max Observed Peak Discharge 

(Cumec) 

1970 1867 1996 2592.82 

1971 2931.34 1997 5207.02 

1972 2547.08 1998 3383.09 

1973 3819.66 1999 1947.82 

1974 3009.26 2000 3366.18 

1975 8858.59 2001 3476.26 

1976 9318.94 2002 2125.69 

1977 4480.71 2003 1735.92 

1979 1152.93 2004 716.21 

1980 3013.84 2005 1302.2 

1981 1925.28 2006 826.74 

1982 1275 2007 1143.01 

1983 4012.4 2008 2119.32 

1984 1220.93 2009 1425.2 

1985 1990 2010 3466.48 

1986 1767.39 2011 2017.78 

1987 148.35 2012 1219.06 

1988 5642.19 2013 3239.04 

1989 4336.62 2014 793.25 

1990 2193.06 2015 1072.33 

1991 507.31 2016 1189.38 

1992 3103.4 2017 865.58 

1993 1344.7 2018 2490.14 

1994 2766.55 2019 2890 

1995  

 

 

7027.52 

2020 829 

Source: CWC-Water Year Book 2020-21 

Accordingly, the estimated flood values for 2 year, 5 year, 10 year, 25 year, 50 year and 

100 year return period at Delhi Railway Bridge HO site were computed. The Table 5.2 

shows the computed flood values. 
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Table 5.2: Estimated flood value at Old Delhi Railway Bridge HO site 

S No Return Period 
Flood value at Old Delhi Railway Bridge HO site 

Cumec Cusec 

1 2 2313 

4025 

5157 

81755 

7648 

8701 

2 5 4023 142082 

3 10 5157 182042 

5 25 6587 232521 

6 50 7648 269974 

7 100 8701 307145 

In the 2D hydrodynamic model simulation, these flood values of different return periods 

were passed through Delhi Rail Bridge to get the corresponding water level at different 

locations and flood submergence areas over the Delhi reach of River Yamuna. The model 

incorporated the observed cross-section data, open drain data, bunds and embankment 

data as received from the Delhi Government. The results of the model simulation is 

tabulated in the Table 5.3. 

Table 5.3: Submergence Area over Delhi reach of River Yamuna 

Return Period 
(Year) 

DRB Discharge 
(M3/s) 

DRB Water 
Level (m) 

Submergence 
Area (Km2) 

(within 
embankment) 

Net Submergence 
Area (Km2) 

2 2316 204.2 26.42 0 

5 4025 205.99 30.82 0.4 

10 5157 206.9 47.11 16.7 

25 6587 207.94 63.51 33.1 

2023 Flood 6999 208.6 74.525 44.1 

50 7648 208.75 77.76 47.3 

100 8701 209.35 85.25 54.8 

Net Submergence area = Submergence area- Main channel area i.e. 30.46 Km2 (within banks) 
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Fig. 5.1: Submergence Area v/s return Period 

  

Fig. 5.2 : WL v/s Return Period 
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Further, the Table 5.4 and Fig. 5.3 below shows the Maximum longitudinal Water Surface 

Elevations starting from 21 km u/s of Wazirabad Barrage. The station zero is accordingly 

considered 21km upstream of Wazirabad Barrage. The water surface elevations is for 

entire 48 km reach at 1-Km interval for 2, 5, 10, 25, 50 & 100 Year Return period Floods. 

Table 5.4 Max Longitudinal Water Surface Elevation 

Station 
(m) 

WSE 
2-year  

(m) 

WSE 
5-year 

(m) 

WSE 
10-year 

(m) 

WSE 
25-year 

(m) 

WSE 
50-year 

(m) 

WSE 
100-year 

(m) 

WSE-100-year 
With elevated 

bund levels at Nili 
chhatri 

0 210.767 212.289 213.092 213.822 214.389 214.52 214.864 

1000 210.331 211.852 212.685 213.435 214.009 214.4 214.493 

2000 210.097 211.637 212.476 213.219 213.78 214.2 214.256 

3000 209.983 211.509 212.339 213.069 213.622 213.95 214.091 

4000 209.72 211.27 212.105 212.836 213.391 213.6 213.866 

5000 209.425 210.962 211.793 212.528 213.089 213.3 213.575 

6000 209.206 210.731 211.556 212.279 212.829 213.3 213.31 

7000 209.05 210.562 211.378 212.083 212.618 213.03 213.089 

8000 208.947 210.45 211.259 211.953 212.481 212.88 212.947 

9000 208.813 210.307 211.112 211.798 212.322 212.73 212.79 

10000 208.656 210.145 210.948 211.633 212.16 212.57 212.636 

11000 208.357 209.874 210.696 211.416 211.967 212.43 212.466 

12000 208.064 209.603 210.45 211.219 211.81 212.43 212.338 

13000 207.92 209.458 210.315 211.107 211.726 212.43 212.273 

14000 207.756 209.326 210.196 211.003 211.643 212.1 212.205 

15000 207.555 209.148 210.029 210.852 211.52 212.05 212.103 

16000 207.379 209.004 209.898 210.741 211.432 211.9 212.03 

17000 207.238 208.877 209.78 210.641 211.346 211.85 211.95 

18000 207.095 208.74 209.655 210.534 211.251 211.74 211.86 

19000 206.896 208.568 209.507 210.415 211.15 211.6 211.77 

20000 206.492 208.259 209.244 210.198 210.964 211.46 211.6 

21000 206.053 207.903 208.921 209.907 210.693 211.3 211.34 

22000 205.813 207.71 208.741 209.733 210.516 211.05 211.16 

23000 205.547 207.428 208.454 209.456 210.25 210.79 210.91 

24000 205.089 206.963 207.984 208.981 209.78 210.32 210.41 

25000 204.764 206.589 207.594 208.576 209.384 210 210.1 

26000 204.486 206.315 207.32 208.3 209.105 209.6 209.79 

27000 204.196 205.998 206.986 207.954 208.752 209.55 209.68 

28000 203.98 205.732 206.693 207.643 208.427 209.05 209.1 

29000 203.863 205.589 206.537 207.475 208.252 208.89 208.915 

30000 203.525 205.267 206.221 207.161 207.937 208.48 208.59 

31000 203.2 204.896 205.83 206.773 207.574 208.25 208.25 
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32000 202.954 204.605 205.52 206.454 207.26 207.8 207.95 

33000 202.855 204.501 205.411 206.341 207.145 207.7 207.84 

34000 202.557 204.134 205.012 205.91 206.689 207.3 207.36 

35000 202.104 203.557 204.38 205.227 205.966 206.5 206.609 

36000 201.44 202.784 203.57 204.386 205.102 205.46 205.73 

37000 201.041 202.309 203.073 203.868 204.567 205 205.18 

38000 200.889 202.111 202.861 203.643 204.333 204.84 204.93 

39000 200.661 201.801 202.524 203.284 203.955 204.5 204.54 

40000 199.988 200.84 201.503 202.222 202.862 203.35 203.42 

41000 199.664 200.323 200.971 201.692 202.339 202.8 202.9 

42000 199.51 200.049 200.697 201.428 202.085 202.5 202.65 

43000 199.473 199.975 200.62 201.353 202.01 202.4 202.57 

44000 197.943 199.46 200.261 201.065 201.751 202.2 202.33 

45000 197.728 199.213 199.996 200.782 201.452 201.87 202.02 

46000 197.207 198.64 199.39 200.141 200.776 201.229 201.32 

47000 196.481 197.753 198.427 199.102 199.682 200.102 200.19 

48000 195.597 196.756 197.364 197.972 198.492 198.871 198.94 

 

 

Fig. 5.3 Longitudnal WSE : 2, 5, 10, 25, 50 & 100 Year return Period Flood 
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5.2.2 Embankment Overtopping Analysis 

In the Interim Report, 14 embankment locations were identified by preliminary model runs 

as potential overtopping zones. These locations were further sent to respective State 

Governments for ground-verification. The report on ground-verification submitted by the 

State Government shows that none of the identified locations by the model got 

overtopped during the 2023 floods is attached as attachment 5b.  

The model was further corrected by not only incorporating the actual embankment levels 

provided at these 14 locations but also by incorporating the revised embankment levels 

provided by the state government for all other locations along the reach.   

Subsequent runs on the revised model were carried out for different return period floods, 

the result of which is shown in Table 5.5 . 

Table 5.5: Embankment opertopping analysis 

Return period 

Passing 
Discharge at 
DRB (cumec) 

Simulated 
WL at DRB 

(m) 

Embankment Overtopping 
locations 

Remark 

2-year 2316 204.2 No Overtopping  

5-year 4025 205.9 No Overtopping  

10-year 5157 206.9 No Overtopping  

25-year 6587 207.94 No Overtopping  

July, 2023 Flood 
[ Between 25 -50 

year return period] 

6999 208.7 

Location Bank 
Max WL 
reached 

Overtopping at Nili chhatri 
area is observed in 
simulation. The same is 
Verified on ground by the 
Delhi Government during 
July, 2023 floods. Max 
water level of 208.88m is 
reached which is above the 
existing bund level. No 
overtopping at any other 
location shown by the 
model. 

Nili Chhatri Right  208.88 

50-year 7648 208.75 

Location Bank 
Max WL 
reached 

At Nili chhatri area, max 
water level of 208.98m 
may be reached which is 
above the existing bund 
level.  
No overtopping at any 
other location shown by 
the model. 

Nili Chhatri Right  208.98 

   Location Bank 
Max WL 
reached At Nili chhatri area, max 

water level of 209.55m 
may be reached which is 
above the existing bund 
level. No overtopping at 
any other location shown 
by the model.  

100-year 8701 209.35 Nili Chhatri Right  209.55 

100-year 
With  elevated Nili 
Chhatri bund in the 

model 

8701 209.44 Nili Chhatri Right  209.68 
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Table 5.6 below shows Maximum Longitudinal Water Surface Elevations for 100-year 

flood starting 21 km u/s of Wazirabad Barrage at every 1-Km interval against both the 

Right & the Left Bank Elevations. 

Table 5.6: WL v/s Bank Elevations for 100-year Flood 

Chainage 
Right Bank 
Elevations 

(m) 

Centreline 
WL (m) 

Left Bank 
Elevations 

(m) 

Right Bank 
elevation 

difference wrt 
WL (m) 

Left Bank 
elevation 

difference wrt 
WL (m) 

0 215.9 214.52 215.72 1.380 1.200 

1000 215.25 214.4 215.3 0.850 0.900 

2000 215.2 214.2 215.3 1.000 1.100 

3000 214.6 213.95 214.8 0.650 0.850 

4000 214.55 213.6 214.7 0.950 1.100 

5000 214 213.3 214.5 0.700 1.200 

6000 214.3 213.3 214.3 1.000 1.000 

7000 213.6 213.03 214.01 0.570 0.980 

8000 213.4 212.88 213.9 0.520 1.020 

9000 213.4 212.73 213.7 0.670 0.970 

10000 213.5 212.57 213.3 0.930 0.730 

11000 213.3 212.43 213.1 0.870 0.670 

12000 213.3 212.43 213.1 0.870 0.670 

13000 213.3 212.43 213.1 0.870 0.670 

14000 213.2 212.1 212.97 1.100 0.870 

15000 213.1 212.05 212.5 1.050 0.450 

16000 213.1 211.9 212.4 1.200 0.500 

17000 212.4 211.85 211.96 0.550 0.110 

18000 212.12 211.74 211.77 0.380 0.030 

19000 211.77 211.6 211.77 0.170 0.170 

20000 211.69 211.46 211.81 0.230 0.350 

21000 212.37 211.3 211.6 1.070 0.300 

22000 213.35 211.05 211.12 2.300 0.070 

23000 212.25 210.79 211 1.460 0.210 

24000 211.45 210.32 210.55 1.130 0.230 

25000 211.25 210 210.25 1.250 0.250 

26000 211.25 209.6 212 1.650 2.400 

27000 208.5 209.55 212 -1.050 2.450 

28000 210.56 209.05 209.75 1.510 0.700 

29000 209.75 208.89 209.55 0.860 0.660 

30000 210.1 208.48 210.4 1.620 1.920 

31000 209.75 208.25 209.58 1.500 1.330 

32000 208.76 207.8 208.55 0.960 0.750 
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Chainage 
Right Bank 
Elevations 

(m) 

Centreline 
WL (m) 

Left Bank 
Elevations 

(m) 

Right Bank 
elevation 

difference wrt 
WL (m) 

Left Bank 
elevation 

difference wrt 
WL (m) 

33000 208.35 207.7 208.55 0.650 0.850 

34000 208.45 207.3 208.05 1.150 0.750 

35000 208.8 206.5 207.43 2.300 0.930 

36000 208.8 205.46 206.75 3.340 1.290 

37000 206.05 205 206.75 1.050 1.750 

38000 206.6 204.84 206.6 1.760 1.760 

39000 207.35 204.5 208.5 2.850 4.000 

40000 205.4 203.35 206.65 2.050 3.300 

41000 204.2 202.8 204.5 1.400 1.700 

42000 203.9 202.5 203.52 1.400 1.020 

43000 203.99 202.4 203.52 1.590 1.120 

44000 203.5 202.2 204.46 1.300 2.260 

45000 203.4 201.87 204.4 1.530 2.530 

 
 

 
Fig. 5.4: WL v/s Right Bank Elevation 
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Fig. 5.5: WL v/s Left bank Elevation 

5.2.3 Submergence Area analysis Conclusion 

1. The flood of July, 2023 was in between1-in-25-year and 1-in-50-year flood.  

2. Bottom Girder level at Old Railway Bridge in Delhi is 207.4m. As per the 

model simulation, this level may be attained as the flow at DRB crosses 5974 

cumec. Further for 100-year flood the water level may reach 209.35m. In 

such condition, there may be slightly more afflux due to girder. Further, 

appropriate study may be carried out by the Indian Railways to know the 

effect of such high flood on the Old Delhi Railway Bridge structural stability.  

3. Up to 1-in-25-year flood (6587cumec), no overtopping of embankments is 

shown by the model along the entire Delhi reach. Further, model study 

indicate that there shall be no overtopping for discharge up to 6700 cumec. 

4. Simulated water level for 2023 flood at DRB is found to be 208.6m against 

the observed 208.65m. Also, simulated submergence area for 2023 flood is 

found to be 44.1 Km2 which is slightly less than the simulated submergence 

area for 50-year flood at DRB. The model shows overtopping from Metcalf 

house to Nili Chhatri/ Yamuna Bazar Ring road area on right bank of river 

Yamuna with max water level reaching upto 208.88m. The same has been 

verified on ground by the Delhi Government.  

5. For 50-year flood i.e. flow of 7648 cumec, the water may rise up to 208.75m 

resulting in submerging 47.3 Km2 which is 7.3% more than the area 

submerged in July 2023 Flood. This magnitude of flood, may cause 
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embankment overtopping at Metcalf house to Nili Chhatri/ Yamuna Bazar 

Ring road area on right bank of river Yamuna with max water level reaching 

upto 208.98m.  

6. For 100-year flood ie. flow of 8701 cumec, (which is equivalent to the design 

discharge of ITO/Okhla/Wazirabad barrage, the water level may rise upto 

209.35m resulting in submerging 54.8 Sqkm which is 24.0% more area as 

compared to the area submerged in July 2023 Flood. This magnitude of flood, 

may cause embankment overtopping at Metcalf house to Nili Chhatri/ 

Yamuna Bazar Ring road area on right bank of river Yamuna with max water 

level reaching upto 209.55m  

7.  Further, for 100-year flood ie. Discharge of 8701 cumec at DRB, the max 

Water Level at the Nili Chhatri area under existing conditions is simulated as 

209.55m by the model. Now raising the embankment height beyond this level 

(say to 210.55m) in the model and again running shows that the max water 

Level now reached is 209.68m which may be taken as the maximum Water 

Level reaching for 100-year flood. Suitable flood protection may be provided 

against it keeping in view the design norms and actual ground conditions. 

Water Surface Elevation profile with raised embankment height at Nili Chhatri 

area is given in last column of table 4 above.  

8. Table 5.6, Fig 5.4 & Fig. 5.5 shows the simulated water levels for 100-year 

flood with respect to the right and the left embankment levels. Up to 100-year 

flood, no overtopping at any other location is shown by the model. However, 

the simulated water levels given in Table 5.6 may be matched with the actual 

bund levels by I&FC Department, Govt. of NCT Delhi to find the possible 

overtopping locations and raising the same with free board as per the codal 

provision. 

5.3 Identification of Drainage congestion and its Operating Mechanism 

There are 20 drains falling into river Yamuna in the Delhi reach. These drains are 

operated and maintained by Delhi Government. Details of these 20 drains as provided by 

the Delhi Government is used to do the analysis. The analysis is done to find out the 

return period flood for which the drain starts getting congested. 

Drainage congestion seems to start occurring when the Water Level in the River Yamuna 

gets higher than the outfall sill level of a particular drain. The Table 5.7  shows the list of 

drains along with their outfall Sill levels and the River Water levels reached for different 

return period floods. The table finally shows the return period flood at DRB for which the 

drains start getting congested. 
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Table 5.7: Drainage Congestion 

 

5.3.1 Drainage congestion conclusion 

1. For Drain No. 1, 2, 6, 7, 8, 9, 10, 11, 13, 14 and 16 congestion starts with 2-

years return period flood. 

2. For Drain 3, 4, 5 and 12 congestion starts with 5-years return period flood.  

3. All the above drains start to get congested for 10-year and above return 

period flood 

Sl.No Drain 
Outfall Sill 

Level 

River Water Level at 
Drain outfall for 

various Return period 
flood 

Return period flood at 
which the congestion 

starts in the Drains 

2-year 5-year 10-year 

1 Najafgarh Drain (un regulated) 203 206.5 207.8 209.0 2-Year (2316 m3/s) 

2 Shahadra Drain (un regulated) 193.58 197.9 199.3 200.2 2-Year (2316 m3/s) 

3 Magzine Road Drain 206.4 - 207.5 208.7 5-Year (4025 m3/s) 

4 Old Chandrawal Drain 206.4 - 207.4 208.6 5-Year (4025 m3/s) 

5 Khyber Pass Drain 206.5 - 207.3 208.5 5-Year (4025 m3/s) 

6 Metcalf House Drain 204.76 204.9 206.7 207.8 2-Year (2316 m3/s) 

7 
ISBT/Mori gate/Qudsia Ghat 

Drain 
204.37 204.5 206.2 207.4 2-Year (2316 m3/s) 

8 Tonga Stand Drain 204.25 204.3 206.0 207.1 2-Year (2316 m3/s) 

9 Vijay Ghat 203.065 204.1 205.7 206.8 2-Year (2316 m3/s) 

10 Civil Military Drain 203.173 203.3 204.9 206.0 2-Year (2316 m3/s) 

11 Delhi Gate 202.154 203.0 204.5 205.6 2-Year (2316 m3/s) 

12 
Sen Nursing Home Nalla 12 

No.12 
202.64 -- 204.4 205.5 5-Year (4025 m3/s) 

13 Nalla No.12 (A) 201.45 202.9 204.4 205.5 2-Year (2316 m3/s) 

14 Nalla No.14 202.09 202.3 203.7 204.7 2-Year (2316 m3/s) 

15 Nalla No.15 203.124  203.3 204.3 5-Year (4025 m3/s) 

16 Barapullah Drain (un regulated) 199.046 200.8 201.9 202.9 2-Year (2316 m3/s) 

17 Nalla No.17 201.1 - - 201.1 10-Year (5157 m3/s) 

18 Taimur Nagar (un regulated) 201.1 - - 201.1 10-Year (5157 m3/s) 



59 

 

5.3.2 Operating Mechanism of out falling drains 

The I&FCD, Govt. of NCT Delhi submitted a report regarding the operating mechanism 

of these drains and the adequacy of the pumping mechanism adopted during floods. The 

report is at attachment 5c. 

5.4 Afflux of Structures in the study reach 

To study the afflux of the structures in the study reach, following two scenarios of 

generating the longitudinal Water Surface Elevation (WSE) Profile were simulated in the 

2D Hydrodynamic model as shown in Fig. 5.6 & Fig. 5.7. 

• Existing Scenario:  Terrain with existing structures including Muck i.e. as per 
current condition 

• Pier Scenario: Terrain with existing structures raised on Piers i.e. Embankment 
replaced by Piers and muck removed. 

 

Fig. 5.6: Existing Scenario: with existing structures i.e. as per current condition 

  



60 

 

 

Fig. 5.7: Pier Scenario: Existing lateral structures raised on Piers 

Existing structures mentioned above mainly include all the lateral embankments into 

floodplain that are possibly obstructing the flow excluding the three existing Barrages.  

5.5  Simulation Results 

The Fig. 5.8 shows the longitudinal WSE profile along with the longitudinal bed level 

profile of the Delhi reach for all the three scenarios mentioned above. The above 

simulation is done for the 100-year flood (i.e. discharge of 8701 cumec passing through 

Old Delhi Railway Bridge).  
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Fig. 5.8: Longitudinal water surface elevation (WSE) Profile 

5.5.1 Conclusion for afflux Analysis 

After running the above mentioned two simulations, following observations could be made 

Taking both scenarios together it is observed that the longitudinal water surface profile 

shows a marked difference in the water elevations in the middle reach only. This 

difference starts appearing around 12Km U/s from Wazirabad Barrage to 16Km D/s. The 

Water Surface Elevation profile for the existing Terrain is higher than the Pier Terrain 

which has all the lateral embankments raised on Piers. The maximum difference between 

the two Water Surface Elevations is found to be 0.536 meters at around 26.404 Km 

which lies between Wazirabad and ITO Barrage. This possibly indicates the afflux 

produced due to the lateral embankments and muck lying downstream of Wazirabad 

Barrage. However this afflux is indicative only based on data available and actual values 

might vary.  

The simulated Water Surface Elevations for both the existing structural arrangements and 

scenario where embankments at ends are replaced with piers is graphically shown in the 

Fig. 5.9. 
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Fig. 5.9 : Simulated Water Surface Elevations for both the existing and pier scenario 

5.6 Limitations of the Study  

1. The obtained values of levels and flows in the study are indicative and subject 

to the errors and uncertainties present in the data and the model.  

2. The DEM used in the model has horizontal resolution of 30m which is 

relatively coarse for such a study. All the levels, depths and extents simulated 

by the model is subject to the inherent errors present in the DEM and its 

limitation because of its coarser resolution. 

3. The errors in the outcome of the model, if any, are due to the uncertainties 

already present in other input data like flow hydrograph, land use land cover 

data, structure details etc.  

4. For the sake of model stability and shorter simulation period diffusive wave 

equation is used as the solver. In Diffusive wave equation gravity and friction 

are assumed to be dominating forces and the acceleration terms, as well as 

the eddy viscosity and Coriolis terms are neglected. 

5.7 Summary, Conclusions/Recommendations 

Based upon the 2D Model studies, following conclusions are drawn- 
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a. The assessment of capacities of various drains to carry sewage and storm water 

may be carried out in order to avoid congestion during floods of various return 

period in river Yamuna. 

b. The I&FCD, Govt of NCT Delhi may ensure that all the entries/exit which are 

leading to river Yamuna may be raised above the maximum water level of river 

Yamuna during floods of various return period in order to avoid spilling of flood 

waters through these entries/exit points. 

c. I&FCD, Govt. of NCT Delhi to ensure adequate pumping arrangement for 

discharging of water from drains to river Yamuna at higher level during floods in 

river Yamuna wherever the drains gets congested due to high stage floods in river 

Yamuna. 

d. The committee observed that the drainage network within the Delhi NCR region is 

being maintained by different agencies like, I&FCD, Govt.NCT of Delhi, MCD, 

NDMC, etc. and there is no coordination among various agencies for operation of 

these drains. A SoP for operation of these drains in Delhi NCR region may be 

prepared with clear guidelines defining the procedures to be followed for operating 

these drains depending upon the water level in river Yamuna. There should be one 

nodal agency which should be responsible for operation of drains in Delhi NCR 

region. The nodal agency may be entrusted with the task of monitoring of proper 

maintenance and regular desilting of drains. The SoP for drains should also clearly 

define the details of pre monsoon and post monsoon inspections that are required 

to be carried out for the drains. 

Submergence in varying return periods and adequacy of embankments  

a. The flood of July, 2023 was in between1-in-25-year and 1-in-50-year flood.  

b.  Bottom Girder level at Old Railway Bridge in Delhi is 207.4m. As per the model 

simulation, this level may be attained as the flow at DRB crosses 5974 cumec. 

Further for 100-year flood the water level may reach 209.35m. In such condition, 

there may be slightly more afflux due to girder. Further, appropriate study may be 

carried out by the Indian Railways to know the effect of such high flood on the Old 

Delhi Railway Bridge structural stability.  

c.  Up to 1-in-25-year flood (6587cumec), no overtopping of embankments is shown 

by the model along the entire Delhi reach. Further, model study indicate that there 

shall be no overtopping for discharge up to 6700 cumec. 

d.  Simulated water level for 2023 flood at DRB is found to be 208.6m against the 

observed 208.65m. Also, simulated submergence area for 2023 flood is found to 

be 44.1 Km2 which is slightly less than the simulated submergence area for 50-
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year flood at DRB. The model shows overtopping from Metcalf house to Nili 

Chhatri/ Yamuna Bazar Ring road area on right bank of river Yamuna with max 

water level reaching upto 208.88m. The same has been verified on ground by the 

Delhi Government.  

e.  For 50-year flood i.e. flow of 7648 cumec, the water may rise up to 208.75m 

resulting in submerging 47.3 Km2 which is 7.3% more than the area submerged in 

July 2023 Flood. This magnitude of flood, may cause embankment overtopping at 

Metcalf house to Nili Chhatri/ Yamuna Bazar Ring road area on right bank of river 

Yamuna with max water level reaching upto 208.98m.  

f.  For 100-year flood ie. flow of 8701 cumec, (which is equivalent to the design 

discharge of ITO/Okhla/Wazirabad barrage, the water level may rise upto 209.35m 

resulting in submerging 54.8 Sqkm which is 24.0% more area as compared to the 

area submerged in July 2023 Flood. This magnitude of flood, may cause 

embankment overtopping at Metcalf house to Nili Chhatri/ Yamuna Bazar Ring 

road area on right bank of river Yamuna with max water level reaching upto 

209.55m  

g. Further, for 100-year flood ie. Discharge of 8701 cumec at DRB, the max Water 

Level at the Nili Chhatri area under existing conditions is simulated as 209.55m by 

the model. Now raising the embankment height beyond this level (say to 210.55m) 

in the model and again running shows that the max water Level now reached is 

209.68m which may be taken as the maximum Water Level reaching for 100-year 

flood. Suitable flood protection may be provided against it keeping in view the 

design norms and actual ground conditions. Water Surface Elevation profile with 

raised embankment height at Nili Chhatri area is given in last column of table 4 

above.  

h. Table 5.6, Fig. 5.4 & Fig. 5.5 shows the simulated water levels for 100-year flood 

with respect to the right and the left embankment levels. Up to 100-year flood, no 

overtopping at any other location is shown by the model. However, the simulated 

water levels given in Table 5.6 may be matched with the actual bund levels by 

I&FC Department, Govt. of NCT Delhi to find the possible overtopping locations 

and raising the same with free board as per the codal provision. 

Afflux Condition 

a. The simulations results indicate that replacing lateral embankments with piers 

leads to lower water surface elevations in the middle reach of the river compared 

to the existing terrain. An afflux of 0.536 meters has been observed at around 

26.404 km. This suggests that the current embankments of structures and muck 

contribute to higher water levels. 
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ZONE Long. Lat. EMBANKMENT Place  

Levels at the 
top of 

embankments/ 
bund 

Weather 
flood 
water 
over 

topped  

Yes  No 

1 77.249328 28.654831 RIGHT 
MG Marg, 
Near Raj 

Ghat, Vijay 
Ghat 

 209.480 
 

 

No 

2 77.254095 28.647295 RIGHT 
MG Marg, 
Near Raj 

Ghat 

 21 209.960  
No 

3 77.264990 28.654292 LEFT 
Geeta 
colony 

Shamshan 
ghat 

 207.775 
 

 

No 

4 77.236482 28.886787 LEFT 
Alipur 

Bandh, 
Mavikala 

 

 

 

 

 

 

 

Pertains 
to UP 

Irrigation 

 

 

  

5 77.236959 28.888090 LEFT 
Alipur 

Bandh, 
Mavi Kala 

 

 

  

6 77.237171° 28.831976 LEFT 
Near 

Allipur 
 

 

  

7 77.234262 28.825883 LEFT 
Near 

Allipur 
 

  

  

8 77.229920 28.821415 LEFT 
Near 

Allipur 
   

9 77.228268 28.819780 LEFT 
Near 

Allipur 
   

10 77.215168 28.806133 LEFT 
Near 

Pachayara 
Police 
chowki 

   

11 77.243285 28.776001 LEFT 
Tronica 

City Road 
   

12 77.243389 28.776901 LEFT 
Tronica 

City Road 

   

13 77.206890 28.771060 RIGHT 
Bund 
Road, 
near 

SCADA 
center 
DJB 

 213.225 
 

 

No 

 

14 77.209419 28.740487 RIGHT 
Raj Marg, 

Milan 
Vihar 

 212.486 
 

 
No 

 

Attachment 5b 
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Operating Mechanism of out falling drain in River Yamuna (As 

per IFCD, national Capital of Delhi) 

The River Yamuna enters in Delhi from Palla and flows upto Jaitpur by travelling aprox. 

48 Kms. There are 20 drains which are outfalling into River Yamuna in Delhi region from 

D/S of Wazirabad Barrage to Jaitpur. The detailed parameters of these drains are given 

in Table 5.8  

(A) These drains outfalling into the river Yamuna do not have any regulatory 

mechanism. 

 

• Najafgarh Drain (Sahibi River) 

• Barapulla Drain. 

• Shahdara Outfall Drain 

• Taimur Nagar Drain 

These three drains do not have any regulator at its outfall however a regulators have 

been provided on outfall of some of the identified vulnerable inlets in these drains and 

which are affected by backflow during the floods in River Yamuna. During the high flood, 

when there is backflow in these drains all these regulators are closed and necessary 

pumping started to pump out the drain water towards River so as to avoid any water 

logging on city side.  Details of pumps deployed at each regulators are also given in the 

Annexure ‘A’. The pumping arrangement seems to be adequate as per past experience 

during the high floods to pump out the drain water. The additional pumps may also be 

deployed as per requirement, considering the quantum and extent of rainfall in catchment 

area of inlets/ drains.  

(B) The other drains outfalling into the river Yamuna which have proper regulatory   

mechanism at its outfall are as under: 

• Magazine Road Drain 

• Old Chandrawal Drain 

• Khyber Pass Drain 

• Metcalf House Drain 

• Qudsia Ghat Drain 

• Tonga Stand Drain 

• Vijay Ghat Drain 

• Civil Military Drain 

• Delhi Gate Drain/Power House 

• Sen Nursing Home Nallah/Nallah No. 12 

Attachment 5c 
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• Nallah No. 12 A 

• Nallah No. 14 

• Nallah No. 15 

• Nallah No. 17 

• Abul Fazal Drain 

• RME 180 Madanpur Khadar 

These drains have proper Regulatory System at its outfall to operate it during the high 

flood to prevent back flow of River water towards the city side. During the high flood, when 

there is backflow in the drain all these regulators are closed and necessary pumping 

started to pump out the drain water towards River so as to avoid any water logging on 

city side.  Details of pumps deployed at each regulator also given in the Annexure ‘A’. 

The pumping arrangement seems to be adequate as per past experience during the high 

floods to pump out the drain water. The additional pumps may also be deployed as per 

requirement. 
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LIST OF OUTFALLING DRAIN IN DELHI 
Regulator operated during the last & past floods 

 

Table 5.8: List of Out falling Drain in Delhi 

S. 
No. 

REGULATOR 
NUMBERING 

Name of 
Regulator 

Discharge 
/ Flow 
during 
flood 

Size / 
Width 

(in Mtr.) 

Sill Level/ 
Bottom 
(in Mtr.) 

HFL 
(in Mtr.) 

Operation 
Level w.r.t. 

ORB 

Requirement Capacity of 
Pump / (in HP) 

  (N.G. Drain)  

1. R1 
Hakikat 

Nagar Inlet 
(54700m) 

11 cusec 
 

3.30x4.90m 
 

205.87 209.70 204.90 12 HP (02 Nos.) 

2. R2 
MES Inlet 
(55050m) 

02 cusec 
 

4.10x4.50m 
 

206.00 209.60 
 

204.90 
05 HP (01 Nos.) 

3. R3 
Nehru Vihar 

Inlet 
(56014m) 

15 cusec 
 

2.35x4.40m 204.00 209.375 203.80 12 HP (02 Nos.) 

4. R4 
Podina Inlet 
(56014m) 

15 cusec 
 

2.35x4.40m 204.00 209.375 204.95 12 HP (02 Nos.) 

5. R5 
J.P Drain 
regulator 

35 cusec 
3x5.00m 
1x7.70m 

203.400 209.00 204.56 

72 HP - 2 No. 
60 HP - 2 No. 
32 HP - 1 No. 
25 HP - 3 No. 
21 HP - 3 No. 

 

  (Supplementary Drain)  

6. R6 
RD 1170m 

(Wazirabad) 
36 cusec 1.50m 206.05 210.21 207.55 32 HP 

7. R7 
RD 2683m 
(Jharoda 
Majra) 

15 cusec 
900mm dia 

pipe 
205.30 209.56 206.20 32 HP (2 No.) 

8. R8 
RD 4170m 

(Burari) 
40 cusec 

1200mm 
dia pipe 

204.80 209.36 
206.00 

 
32 HP (3 No.) 

9. R9 RD 4250m 36 cusec 1.50m 205.50 209.66 207.00 20 HP 
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(Burari) 

10. R10 
RD 5194m 

(Mukundpur) 
15 cusec 

900mm Dia 
pipe 

205.40 209.46 206.30 32 HP 

11. R11 
RD 5690m 

(Mukundpur, 
Peer Baba) 

15 cusec 
900mm Dia 

pipe 
205.85 209.41 206.75 32 HP 

12. R12 
RD 5780m 

(Mukundpur) 
15 cusec 

900mm Dia 
pipe 

205.65 209.41 206.55 20 HP 

13. R13 
RD 5890m 

(Mukundpur 
Golf) 

15 cusec 
900mm Dia 

pipe 
205.55 209.41 206.55 32 HP 

14. R14 
RD 7500m 
(Bhalswa) 

15 cusec 
900mm Dia 

pipe 
205.10 209.41 206.60 20 HP 

15. R15 Toe Drain 18 
1 x 1.50 
Meter 

 
205.03 209.18 205.50 

32 HP (3 Nos.) 
8 HP (02 Nos.) 

7.50 HP (02 Nos.) 
20 HP (04 Nos.) 

16. R16 
Link drain 

No. II 
10 

1 x 2.50 
Meter 

204.00 209.18 205.48 

32 HP (01 No.) 
50 HP (01 No.) 
20 HP (04 Nos.) 
20 HP (01 No.) 
25 HP (01 No.) 

17. R17 

New Course 
of Burari 

Creek drain 
at RD 640 m 

74 cusecs 5 to 8 M 205.57 209.185 205.640 
32 H.P.  (03 Nos.) 
7.5 H.P. (08 Nos.) 
20 HP (04 Nos.) 

  Yamuna river  

18. R18 
Magazine road 

drain 
2.59 

cusec 
1 x 3.00 
Meter 

206.400m 
209.676 
Meter 

207.150m 
 

25 HP 

19. R19 
Old 

Chandrawal 
drain 

1.92 
cusec 

2 x 2.00 
Meter 

206.400m 
209.640 
Meter 

207.150m 25 HP 

20. R20 
Khyber pass 

drain 
2.39 

cusec 
1 x 3.00 
Meter 

206.500m 
209.605 
Meter 

207.120m 25 HP 
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21. R21 
Metcalf house 

drain 
2.71 

cusec 
1 x 1.98 
Meter 

204.176m 
209.450 
Meter 

205.550m 32 HP 

22. R22 

Qudsia Ghat 
drain 

(Now Vasudev 
Ghat) 

16.12 
cusec 

1 x 6.00 
Meter 

204.370m 
209.132 
Meter 

205.740m 60 HP 

23. R23 
Tonga stand 

drain 
2.71 

cusec 
1 x 2.00 
Meter 

204.250m 
208.803 
Meter 

204.700m 60 HP 

24. R24 Vijay Ghat  5.00x5.70 202.90 207.36 204.00 
82 HP(2No.) 
62 HP(2Nos.) 

 

25. R25 
Civil Military 

Drain 
 5.10x 6.00 202.64 207.21 206.45 

82 HP(2Nos.) 
32 HP(2Nos.) 
25 HP(2Nos.) 

 

26. R26 
Delhi Gate/ 

Power House 
 7.62x 5.48 202.22 206.22 205.36 

82 HP(3Nos.) 
62 HP(3Nos.) 

 

27. R27 
Sen Nursing 

Home Nallah / 

Nallah No. 12 
 10.90x 4.70 202.78 205.80 205.60 

82 HP(4Nos.) 
 

28. R28 
Nallah No. 

12A 
 1.20x 4.75 201.73 205.80 205.20 

5 HP(2Nos.) 
 

29. R29 Nallah No. 14  9.00x 4.30 202.31 205.39 205.96 

82 HP(1Nos.) 
32 HP(3Nos.) 
10 HP(2Nos.) 

 

30. R30 Nallah No. 15  2.50x 3.80 201.86 204.91  
7.5 HP(1Nos.) 

 

31. R31 
Chilla 

Regulator L/S 
  198.78 200.75  If required 

32. R32 
Chilla 

Regulator D/S 
  198.78 200.60   

33.  
Barapulla 

Nallah 
No regulator  
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34.  

Maharani 

Bagh Nallah 

/ Nallah 

No.17 / 

Taimur 

Nagar Drain 

No regulator  

35.  
Abdul 

Fazal Drain 
Maintained by UP Irrigation  

 

 

 

 

 

 

 

 

 

 

S. 
No. 

REGULATOR 

NUMBERING 

Regulator Size (m) Top level of regulator Sill Levels (m) 

  SHAHDARA OUTFALL DRAIN     

36 I1 Shahdara outfall drain RD 5680 L/S 2.00x1.50 202.917 198.140 

37 I2 Shahdara outfall drain RD 5620 R/S 1.00m Dia 
Pipe Circular 

204.100 199.390 

38 I3 Shahdara outfall drain RD 5450 L/S 2.45x1.50 
Rectangular 

201.160 198.700 

39 I4 Shahdara outfall drain RD 5445 L/S 2.75x1.50 
Rectangular 

202.615 199.520 

40 I5 Shahdara outfall drain RD 5440 L/S 1200mm dia 
pipe 

203.786 201.732 

41 I6 Shahdara outfall drain RD 3875 R/S 0.60x1.00 
Rectangular 

202.975 199.440 

42 I7 Shahdara outfall drain RD 3150 L/S 1.00m dia 
pipe circular 

200.480-U/s 
202.235-D/s 

197.245 

43 I8 Shahdara outfall drain RD 2600 R/S 0.90m dia 
pipe circular 

206.126 199.505 

   

44 R33 RME 180 Mtr. Madanpur Khadar 
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6                                           Barrages on River Yamuna  

6.1 Salient Features of Barrages on River Yamuna in Study Area 

There are four barrages across Yamuna River namely Hathnikund Barrage, Wazirabad 

Barrage, Yamuna (ITO) Barrage and Okhla Barrage in the study reach. The salient 

features of these barrages as provided by project authorities are given in Table 6.1: 

Table 6.1: Details of the barrages on river Yamuna 

Particulars 
Hathnikund 

Barrage 

Wazirabad 

Barrage 

ITO 

Barrage 

Okhla 

Barrage 

Year of 
Construction 

1999 1959 1965-66 1982 

Owner 
I&WRD, 

Haryana 
DJB, Delhi 

I&WRD, 

Haryana 
I&WRD, UP 

River Bed Level 
(m) 

329 201.47 199.217 195.85 

Design Flood 
(Cumec) 

22,000 

(1 in 100 yr) 
- 8,495 8,495 

HFL (m) 342.35 208.178 206.289 202.17 

PL (m) 334.32 205.6 202.23 201.35 

Total Gates (Nos.) 18 29 32 27 

Under- 
Sluice/US (Nos.) 

8 12 10 5 

US Width (m) 18 8.36 8.38 18.3 

US Crest (m) 329 201.47 199.217 195.85 

Spillways/SP 
(Nos.) 

10 17 22 22 

SP Width (m) 18 17.68 18.3 18.3 

SP Crest (m) 330 202.692 200.131 196.75 

 

Note: In addition to the above structures, Okhla weir is a defunct/abandoned submerged weir 

constructed in 1874 and located in upstream of Okhla Barrage.  
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A layout depicting the existing and planned structures in Yamuna Basin is presented in 

Fig. 6.1. 

 

Fig. 6.1: Map depicting the existing and planned structures on Yamuna Basin 
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6.2 Summary of observations vis-à-vis discharge computation by project 
authorities during the visit to Barrages on River Yamuna in Study Area 

As decided in the 2nd meeting held on 13th November, 2023 of the Committee for joint 

flood management study of river Yamuna that officers of CWC will visit the barrages on 

Yamuna River from Hathnikund to Okhla.  

Accordingly, the barrages on river Yamuna from Hathnikund to Okhla were visited by 

CWC officials along with concerned officials of the respective barrages to assess the 

discharge computation methodologies being adopted by the project authorities and the 

overall operation of the barrages.   

The summary of observations vis-à-vis discharge computation methods being adopted 

by project authorities during the visit to Barrages on River Yamuna in study area are 

summarized below: 

6.2.1 Hathnikund Barrage 

• The peak discharge as reported by the project authority during the flood was 

3,59,760 cusecs corresponding to u/s water level 336.35 m recorded on 

11.07.2023 at 11.00 AM at Hathnikund Barrage.   

• It was observed that the discharge computation methodology being adopted by 

the project authority was erroneous and the correct method of computation as per 

IS codes was conveyed to them during the visit of CWC team on 18.11.2023.  

• Accordingly, as per above recommendation, the project authorities have corrected 

their computation and peak discharge for 11.07.2023 has now been reported to 

be 4,22,431 cusecs against the originally reported discharge of 3,59,760 cusecs. 

The modified final peak discharge for the period of 2014-2023 is given in Table 

6.2  

Table 6.2 Final peak discharge as reported by the project authority 

Year Final peak discharge (Cusecs) 

2014 3,44,642 

2015 2,60,277 

2016 3,01,454 

2017 3,01,454 

2018 4,70,634 

2019 6,52,584 

2020* 54,065* 

2021 1,84,395 

2022 2,28,854 

2023 4,22,431 
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*Controlled flow from barrage as informed by project authority hence this discharge could not be verified 

as the gate openings are not available. 

• The present calculation has been carried out using the weir coefficient as per IS 

6966. Project authority has been advised to undertake model studies for 

determination of actual coefficient of discharge. The discharge computation will 

need to be accordingly modified by the project authority. 

6.2.2 Wazirabad Barrage 

• The peak discharge as reported by the project authority during the flood was 

11,37,020 cusecs corresponding to u/s water level 209.43 m recorded on 

13.07.2023 at 01.00 PM at Wazirabad Barrage.  

• However, for the same scenario the estimated discharge (by standard calculation 

method) from all the gates in fully opened position, is found to be 2,89,000 cusecs. 

Here, it is also pertinent to mention that there is siltation in upstream and 

downstream which may further affect the discharge passing capacity of the 

structure.  

• The correct method of computation as per IS codes has also been conveyed to 

project authority of Wazirabad Barrage.  

• Project authority has been advised to undertake model studies at least up to ITO 

barrage to have better accuracy in discharge computation. Accordingly, it has 

been informed that project authority has approached IRI, Roorkee for model 

studies for updated tail water rating curve. The discharge computation will need to 

be accordingly modified by the project authority. 

6.2.3 ITO Barrage 

• During the peak flow, out of 32 gates of ITO barrage which is downstream of Old 

Delhi Railway Bridge, some of gates were reportedly non-operational till 13th July 

2023 (as per the media reporting). During this time the peak flood was passing 

through Old Delhi Railway Bridge and ITO Barrage leading to higher afflux and 

subsequent water levels. 

• The estimated maximum discharge from the barrage in free flow condition (all 

gates fully open) at HFL 206.289 m is 3,23,000 cusecs as per IS Code. 

• The estimated discharge from the barrage gates in the scenario as observed 

during the visit on 27.07.2023 is 2,29,000 cusecs at HFL of 206.289 as per design 

calculations. Here, it is also pertinent to mention that there is siltation in upstream 

and downstream which may further affect the discharge passing capacity of the 

structure. 

• The correct method of discharge computation to be adopted by the project 

authority as per IS codes has been conveyed to the project authority of ITO 

barrage.  
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• However, as the requirement of ponding is yet to be established after 

decommissioning of Indraprastha Power Station and Rajghat Power House of 

Delhi Thermal Power Control Board (DTPCB) and there being no withdrawals from 

the barrage pond, the project authority has been advised to keep all the gates fully 

open at all times. They have also been advised to clear all the obstructions in the 

waterway of barrage to avoid any congestion during flood. 

• The basic structure of ITO barrage comprising of piers with gate grooves and deck 

slab   is in place. The gates of the barrages are kept open during flood period so 

that the original condition of river is maintained and the barrage structure has a 

minimum impact on river flow during floods. Further, the barrage is linked with 

Road Bridge. Therefore, the only matter to be considered is whether gates are to 

be dismantled or not. It is observed that in lean season, the gates could be useful 

to impound some water for various purposes including recreational activities. 

Hence, it is recommended to operate ITO barrage with all gates open during floods 

in coordination with operation of Wazirabad barrage and Okhla barrage. It is also 

recommended that regular maintenance of all hydro-mechanical equipment of 

barrage be conducted as per the operation and maintenance manual of the 

barrage/codal provisions.  

• The matter of handing over of the ITO barrage to Government of Delhi can be 

taken up separately by appropriate authority. 

6.2.4 Okhla Barrage 

• The peak discharge as reported by the project authority during the flood was 

3,72,225 cusecs corresponding to u/s water level 200.80 m  and d/s water level 

200.75 m recorded on 13.07.2023 at 05.00 PM at Okhla Barrage. It is pertinent to 

mention here that the design capacity of the barrage is 3,00,000 cusecs at HFL of 

202.17 m.  

• Observing that the discharge computation methodology being adopted by the 

project authority was erroneous, the correct method of computation as per IS 

codes was conveyed to them during the visit of CWC officers to barrage site on 

09.01.2024.  

• The estimated discharge in above mentioned scenario (by standard calculation 

method) in free flow condition (all gates fully open) as per the upstream and 

downstream levels reported by project authority is 1,77,421 cusecs. 

• Project authority has been advised to undertake model studies for determination 

of actual coefficient of discharge. The discharge computation will need to be 

accordingly modified by the project authority. 

• The Project Authority have informed that they engaged IIT Delhi to correct their 

methodology for the discharge computation of Okhla barrage. Furthermore, they 

have agreed to adopt the discharge computation methodology suggested by CWC 

in consultation with IIT Delhi. CWC has also advised the project authorities to 
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modify the historical discharge data of the Okhla barrage according to corrected 

methodology. 

6.3 Conclusions 

The discharge computations have been reconciled for Hathnikund Barrage in 

consultation with project authorities and may be used in future. Discharge computations 

for Wazirabad Barrage and Okhla Barrage are being revised by project authorities in 

consultation with IRI, Roorkee and IIT, Delhi respectively and same may be expedited. 

I. Discharge Computation: 

• Project authorities should also regularly review their discharge computation vis-à-

vis: 

a. Upstream and downstream water levels 

b. Changes in Cd over the years 

c. Morphological Changes 

d. Tail Water Rating Curve 

It is pertinent to mention that project authorities have not updated the charts and tables 

being used for the purpose since the commissioning of the barrages and the same may 

not be applicable anymore due to changes in river morphology along the river stream. 

• Integrated numerical and physical models of the river reach from Wazirabad to 

Okhla including all such structures like barrages, bridges and other such 

interventions in the river, needs to be maintained for actual assessment of afflux.  

II. Obstruction in Waterway: 

• Obstructions in waterway due to silt deposition need to be removed in upstream 

and downstream of the barrage on a regular basis and the channel and barrage 

should be maintained regularly to ensure their flow capacities. The agencies 

involved in construction of structures across the river should be made responsible 

for removal the debris accumulated during the work in the river floodplains, and 

clear the obstruction across the river due to the same.  

III. Updation /Integration of Benchmark  

• Due to frequent construction activities, there are chances of dislodging of 

Benchmarks (BMs) for measuring river water levels/gauges. Hence there is a need 

of regular cross checking of these BMs with the permanent BMs of Survey of India. 

Further, all the barrages i.e. Hathnikund, Wazirabad, ITO, Okhla should have 

common benchmark to avoid discrepancies during correlation of water levels. 

IV. Integrated Operation of Barrages 

• The integrated operation of barrages on Yamuna River will be helpful in avoiding 

any flow congestion.  
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• SOPs for integrated operation of barrage may be prepared for flood conditions. 

Coordination of barrage operation by I & FC Dept. Govt. of NCT Delhi with all three 

barrage/project authorities.  

V. Gate Operation: 

• Project authority should ensure all hydraulic gates of the barrages in proper 

working condition before onset of monsoon season and ensure unrestricted 

passage of flood. 

VI. Training of Staff: 

• Engineers and staff posted at the barrage and involved in recording the data and 

discharge calculations may be trained suitably by approaching training institutes 

such as National Water Academy, Pune or any other suitable training center for 

their capacity building.   
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7                           Encroachments in the River Yamuna 

7.1 Restoration and Rejuvenation of River Yamuna Flood Plains  

The issue of encroachments in river was highlighted in the Interim Report of the 

committee and thereafter Delhi Development Authority (DDA) has taken up the 

restoration and rejuvenation of River Yamuna Flood Plains in 22 Kms urban stretch in 

Delhi spanning from Wazirabad Barrage to Okhla Barrage (Both eastern and western 

Banks). The primary objective of DDA’s Restoration Plan is to restore, revive and 

rejuvenate the floodplains of River Yamuna to their pristine state and make them 

accessible to the public at large. DDA has been working as per the directions of the 

Hon’ble NGT and recommendations of the Principal Committee constituted by the 

Hon’ble NGT for the development of Flood plains. The entire 22 Kms stretch of river 

Yamuna in Delhi (Western Bank & Eastern Bank) has been sub divided into 10/11 

Projects for the ease of Execution.  

7.2 Protection of Yamuna Flood Plains 

The actions planned by DDA involved in protection of Yamuna Flood Plains have been 

further categorized under following activities 

7.2.1 Repossession of land  

I. Protection of Yamuna Flood Plains 

II. Repossession of Land 

III. Identification of Encroachments 

IV. Status of Land ownership /Legal Status verification 

V. Physical Demolition drives with the assistance of Local Police 

VI. Identification of Malba and C&D waste of Infrastructure Agencies 

VII. Quantification and Type of debris such as malba, C&D, municipal waste, silt etc. 

and intimation to the agencies about their removal plan 

VIII. Coordination with Animal husbandry- Deptt. of Municipal corporation of Delhi for 

removal of Cattles and their sheds. 

IX. Immediate Fencing of re-possessed land Deployment of Security Guards 

X. Issue of Challans for illegal parking, Malba disposal and banned activities as per 

H’NGT 

7.2.2 DDA being the land owning agency of Zone O, is consistently engaged in 
protection of Yamuna Flood Plains. 

I. Demarcation of 1:25 year flood plains has been done by DDA. Presently 591 

Bollards duly marked with GPS Co-ordinates, 375 Nos. Flag posts and 27 Nos. of 

sign boards have been installed for the demarcation of flood plains. 

II. 134 Security Guards and patrolling vehicles have been engaged for protection of 

Flood Plains to stop illegal dumping of Malba and to stop further encroachment. 

III. 93 nos. CCTV cameras have also been installed at 27 locations for protection of 

flood plains. 
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7.3 Action taken Report on Removal of Encroachments/Muck/Temporary 
Structures in River Yamuna by DDA  

Encroachment Removal Drive as carried out by DDA is mentioned in Table 7.1 

Table 7.1: Encroachment Removal Drive as carried out by DDA 

 

Sl. 

No. 

 

Location/Project 

Date of 

encroachment 

removal 

Area Freed 

from 

Encroachment 

(in Acre) 

Type of 

Encroachme 

nt 

Remarks 

 

 

 

1 

 

‘O’ Zone area 

between NH24 and 

Railway line, behind 

CWG Flats, Eastern 

Bank (Amrut 

Biodiversity park) 

27.06.2022, 

28.06.2023 
110.00 Cultivation 

Re- 

possessed 

Area taken 

up for 

restoration in 

Amrut 

Biodiversity 

Park project 

10.09.2023 1.50  

 

05.07.2024 

 

1.20 

 

50 jhuggies 

 

2 

DDA land in Yamuna 

Floodplains between 

ITO bridge and 

Railway Line, near 

south of Yamuna 

Bank Metro 

Station 

21.09.2022 5.00 

 

Cultivation 

Compensat 

ory plantation 

to be done in 

reclaimed 

area 

 

23.02.2023 

 

4.94 

 

 

 

 

 

 

3 

 

 

 

 

 

DDA land from NH24 

to Barapullah drain 

(Kalindi Aviral Entn) 

163 Ha. 

19.06.2022, 66.70 

 

 

 

Jhuggi/ 

Cultivation 

Baansera 

Bamboo Park 

developed on 

reclaimed 

area. 

20.06.2022, - 

23.06.2022, - 

07.07.2022, 

22.07.2022, 
- 

27.08.2022, - 

24.11.2022 - 

21.02.2023 4.94 
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05.07.2024 

 

5.00 

100 Jhuggies, 

10 Cattle 

sheds, 50 

Kabadi Shops 

26.07.2024 0.50 Ragpicker 

4 Mayur Nature Park 

22.02.2023 7.41 

 

 

 

 

 

 

 

Jhuggi/ 

Cultivation 

Re- 

possessed 

Area will be 

taken up for 

restoration in 

Mayur Nature 

Park 

project 

21.03.2023 4.95 

24.03.2023 7.00 

24.04.2023 5.00 

28.04.2023 4.00 

02.05.2023 20.00 

08.05.2023 20.00 

12.05.2023 20.00 

15.05.2023 20.00 

16.05.2023 10.00 

18.05.2023 20.00 

22.05.2023 20.00 

23.05.2023 10.00 

26.05.2023 30.00 

19.06.2023 5.00 

23.06.2023 6.00 

20.10.2023  

8.00 
  

21.10.2023 
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26.10.2023 

27.10.2023 

24.06.2024 10.00 
Cricket 

Ground 

 

05.07.2024, 

18.07.2024 to 

22.07.2024 

 

963.70 

6000 

Jhuggies, 200 

cattle  shed, 20 

nurseries, 

40 Bore well 

 

 

5 

Hindon Sarovar (NH-

24 to DND Flyway) 

Yamuna Flood Plain 

area 

 

 

11.04.2023 

 

 

12.50 

 

 

- 

Re- 

possessed 

Area will be 

taken up for 

restoration in 

hindon 

Sarovar 

Project 

 

 

6 

DDA Land between 

ITO Barrage and 

Railway line (Eastern 

Bank) near Yamuna 

Bank Metro Station 

12.10.2023 11.00 

 

Cultivation 

Compensato 

ry plantation 

to be done in 

reclaimed 

area 

 

13.10.2023 

 

9.00 

7 
Kalindi Biodiversity 

park 
30.10.2023 2.00 - 

The 

reclaimed 

area falls in 

O-Zone . 
 

8 

 

Taimur Nagar, Joga 

Bai Extension 

 

09.02.2024 

and 14.02.2024 

 

0.49 

Cattle sheds, 

Parking and 

Rickshaw 

charging 

stations 

 

9 

Restoration and 

Rejuvenation of River 

Yamuna Flood Plains. 

22.06.2022 Nil  

 

Re- 

possessed 

Area taken 27.12.2022 30.00 
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SH: Old Rly. Bridge to 

ITO Barrage (Eastern 

Bank) U.P.Portion. 

(86 Hact. area) 

20.01.2023 Nil 
 

 

Cultivation/ 

Nursery/ Jhuggi 

up for 

restoration in 

Asita East 

(UP Portion) 

project 

14.02.2023 20.00 

16.02.2023 4.00 

17.02.2023 3.41 

21.03.2023 5.00 

15.06.2023 5.00 

24.09.2023 0.91 

14.06.2024 0.57 Temple cluster 

10 

Restoration and 

Rejuvenation of River 

Yamuna Flood Plains. 

SH: Old Rly. Bridge to 

ITO Barrage (Western 

Bank) Asita- West 

(Development of Land 

beyond Geeta Colony 

Bridge to Shantivan 

drain). (107ha) 

11.01.2023 Nil 

 

 

 

Jhuggi/ 

Cultivation 

Re- 

possessed 

Area taken 

up for 

restoration in 

Asita West 

project 

 

 

 

 

 

 

 

17.01.2023 Nil 

24.03.2023 13.00 

27.03.2023 5.67 

 

 

02.12.2023 

 

 

0.01 

 

11 

Restoration and 

Rejuvenation of River 

Yamuna Flood Plains. 

SH: Development of 

land beyond 

Wazirabad Barrage to 

ISBT Bridge (Eastern 

Bank) Garhi Mandu. 

(236.50 Hact. 

28.06.2022 3.00  Re- 

possessed 

Area to be 

taken up for 

restoration 

29.06.2022 5.00  

01.12.2023 0.70  

   

in Yamuna 

Vansthali 

project 



88 

area) 

 

 

 

12 

 

 

 

Yamuna River Ghat 

Area 

Till Dec-23 12.72  

Re- 

possessed 

Area taken 

up for 

restoration in 

Ghat Area 

project 

 

28.05.2024 

 

0.60 

Religious 

Structure, 

Wrestling 

Ground 

 

01.06.2024 

 

0.30 

Religious 

Structure & 

pucca 

structure 

Total  1535.772   

 

7.4 Undergoing Activities and Initiatives by Development Authority 

It has been apprised by DDA, that currently 36 court cases pertaining to encroachment 

in Flood Plains is pending in Hon’ble High Court. 28 matters related to encroachment are 

pending in Hon’ble District Courts. DDA will take immediate action for re- possession of 

land as per the judgment of the Hon’ble Courts. 

DDA has nominated nodal officers for each project of the flood plain who would be 

responsible for sustained upkeep of their jurisdictional area free from encroachment and 

free of construction & demolition waste. 

DDA has taken up the matter with concerned authorities, such as Irrigation and Flood 

Control, National Ganga Mission etc., for carrying out controlled and scientific dredging 

for removal of silt both upstream and downstream. D.O letters have been written to both 

the agencies requesting for the plan for dredging of the river. VC/DDA has also chaired 

a meeting on 24.04.2024 in this regard. 

Challans valuing Rs 7.8 Cr have been issued to the violators for Dumping of Malba and 

unauthorized parking in Yamuna Flood Plains from 2018 to till date. 

7.5 Co-ordination of Delhi Development Authority with Infrastructures Agencies 

All the infrastructures agencies such as PWD, DMRC, NCRTC, MCD, NHAI & I&FC have 

been intimated about the Malba, C&D Waste and other materials lying in Flood Plains 

through letters supported by Pictures. A  meeting was held on  24th April 2024, under the  

chairmanship of VC, DDA for a discussion on actionable points of Hon’ble High Court 

order dated 8th April 2024 in WP(C) 7594/2018 and 9617/2022  on Storm Water Drain 

management. Representative of PWD, DMRC, NCRTC, MCD, NHAI, NMCG & I&FC 

attended the meeting. A brief presentation was made by DDA, wherein agency wise 
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influence of Malba and C&D waste dumping and/or encroachment by each was identified 

on various DDA projects in the Yamuna flood plains.  

7.6 SoP for Restoration & Rejuvenation Works being undertaken by DDA in Flood 

Plains 

Restoration and Rejuvenation of the floodplains of River Yamuna by DDA is an initiative 

to enhance the ecological character of the floodplains and to make them accessible to 

public by providing nature friendly spaces near the river. Each project site is being 

developed based on the following the universal principles of ecological restoration. 

I. Restoration of natural depressions 

II. Creation of catchment zones 

III. Revival of floodplain forests and grasslands 

IV. Creating favourable habitats, especially for water and terrestrial birds, and 

V. Identifying target actions to tackle the root cause of degradation through 

engagement of all stakeholders. 

The above projects are being taken up with respect to these principles and divided into 

following three zones: 

i. Buffer Zone: Spanning up to 300 meters from the river edge, this zone is planted 

with species of Riverine grasses conducive to floodplain ecology connected with kaccha 

walking trails up to the river. 

ii. Ecological Zone: 

Plantation: Characterised with trees of native variety that are endemic to the Yamuna 

floodplains. These varieties have been strategically chosen and planted in multi-tier 

plantation as upper storey, middle storey and lower storey to promote ecological 

succession which is helping in nurturing floodplain biodiversity. Plantation is based on 

individual site topographies. 

Low-lying areas: These areas have been restored as per H’NGT directions by 

deepening (as per site feasibility) for catchment of Flood Waters during floods that serve 

as water bodies after flood recedes back. 

iii. Greenway: Up to 150 meters along the existing roads/ embankments have been 

developed as ‘Public zone’ with kacchha trails connecting active and passive 

congregation public spaces like multi-purpose area, kid’s play, seating areas along with 

Entrance plazas and other public utilities. 

7.7 Projects that have been taken up on ground by DDA  

I. Lying on the eastern bank of River Yamuna and spanning from Old Delhi Railway 

Bridge to ITO Barrage, Asita which is another name for ‘Yamuna’ in ancient 

literature measures approximately 197 Hectares. A part of the project is in the 

jurisdiction of UP Irrigation Department along the Pushta Road, which has also 

been developed by DDA. 
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II. About 31,500 native trees of flood plain ecology and 3.9 million of riverine grasses 

have been planted so far. An existing depression measuring around 2 hectares 

has been restored into a water body for the catchment of flood waters. This water 

body has the capacity to store about 50,000-60,000 cubic metres of water during 

monsoon. 

III. It has become home to a range of resident birds like Spotbilled Duck, Indian 

Moorhen, Purple Swamphen and migratory birds like Indian Paradise Flycatcher, 

Verditer Flycatcher, Grey Headed Canary Flycatcher, Asita East, has proved to be 

a bird lovers’ delight. After restoration, more than 170 species of resident and 

migratory birds have been spotted here alone by the birding community. It is being 

utilised as a leisure space for all age groups. 

IV. As a part of Yamuna River Rejuvenation, and directions of the H’NGT one of the 

old Ghats located between Aarti Sthal and Nigam Bodh Ghat has been restored 

and renovated by DDA as Vasudev Ghat on 5 Ha of land on the western Bank 

near ISBT Kashmiri Gate. The Ghat, was previously inaccessible due to steep 

slope, was a garbage disposal place, had 1.5-foot-deep silt deposits from floods 

and was mostly encroached. The 145-metre Ghat has 25 steps to descend to the 

river and has three entrances with ample parking space. The design combines 

amenities like lawns, cycling tracks, and walking areas with historic elements in 

Charbagh style with Baradaris and Chhatris. Unique attractions include a 250-kg 

metal bell sourced from Rajasthan and elephant structures made of red sand 

stone. Yamuna Statue is being installed here and face mound sculpture has  been  

made  which  attracts  tourist.  Ruins of Old Ghats have been found and DDA is in 

the process to conserve it and make it accessible in continuity with the renovated 

Ghat. In collaboration with an agency DDA has ensured that Yamuna Aarti is being 

undertaken at the restored Ghat. Spread over  16  hectares,  Vasudev  Ghat's  

rejuvenation  is  part of DDA's initiative to revitalize 66 hectares of Ghats from 

Wazirabad to the Old Railway Bridge on the western bank.  Further 

development/restoration of Ghats includes the Sur Ghat project, Yamuna Bazar 

and Eco-trail area. 

V. One of the projects recently restored at Sarai Kale Khan, spreading over an area 

of 40 hectares on the western bank of the Yamuna River has been developed as 

the Capital’s first Bamboo themed public space. 

VI. More than 35000 bamboos of 15 different varieties procured from different parts 

of India have been planted here that are spread across 12 hectares of the site that 

was degraded due to huge amounts of C&D waste from infrastructure activities. 

The site has been developed with a 2 MW solar plant that will feed 134 parks of 

DDA through net metering. Area along the river has been planted with around 

27000 native trees and more than 3 lakh riverine grasses of floodplain ecology. 

Other spaces like kids play area, seating shelters etc have been designed in 

bamboo along with kaccha pathway amidst bamboo groves. The greenway has 

some attractions like Musical Fountain, lotus ponds, small café in eco-friendly 

materials etc. 

VII. Similarly, Yamuna Vatiika, Kalindi Aviral and Amrut Biodiversity park are being 

restored and developed by DDA for enhancing the native floodplain Bio- diversity, 

to provide public recreational activities and reviving the lost river-people connect. 
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7.8 Details of Temporary structure/muck disposal clearance from the river 

bed/bank 

I&FC Department, Govt. of NCT Delhi has indicated the following encroachments & 

obstructions in the bed of river Yamuna between Wazirabad Barrage and Signature 

Bridge: 

•  A pucca room between Wazirabad Barrage & Signature Bridge of Yamuna. 

• A temple between Wazirabad Barrage and Signature Bridge on the left bank of 

river Yamuna. 

• Two temples & Huts just Downstream of Wazirabad Barrage on right bank of river 

Yamuna. 

• A Mazaar and Masjid near outfall point of N.G. Drain on right bank of river Yamuna. 

• A Kabristan between N.G. Drain & Signature Bridge on right bank of river Yamuna. 

• Earthen Bund construction by DMRC. 

• DMRC precast RCC Girders are lying in the river flood plains of river Yamuna. 

• Debris and other construction waste material left under Signature Bridge by the 

bridge construction agency of DTDC.  

 

The photographs of encroachment & obstructions are shown below. 
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The committee was of the view that construction of temporary structures and muck 

disposal in the right of way of river during the construction led to the increased afflux 

during a flooding event. Hence, after construction the temporary structures should be 

properly dismantled and muck should be properly disposed away from the river bed/bank. 

The Irrigation & Flood Control Department (I&FCD) of the Government of NCT Delhi has 

raised concerns regarding the proposed widening of certain bunds and the addition of 

new bunds. Given the current carrying capacity of the river, it may not be advisable.  

7.9 Status Report in this regard been taken by I&FCD, Govt. of NCT Delhi 

The status report in this regard by I&FCD, Govt. of NCT Delhi is as under 

Desilting Status 

• Total Number of Drains  -  57 (382 KM) 

• Departmental machines deployed  - 59 

• Proposed Quantity of de-silting  

By departmental machines / by contract - 15, 05,438 MT 

(6, 61,438 MT + 8, 44,000 MT special drive) 

• De-silting achieved - Total 13, 18,839 MT 

Some of the issues on which action has been taken by I&FCD, Govt. of NCT Delhi on 

River Yamuna from Wazirabad to Okhla Barrage are shown in the Table 7.2. 

7.10 Review of Warning Levels and Danger Levels in Delhi 

Danger level and warning level are important parameters utilized for flood forecasting 

services. These levels are fixed in consultation with State Govt. and depends upon the 

threat perception in the area corresponding to those levels. It was informed by IFCD, 

Govt. of Delhi that the Danger Level considered presently at Old Delhi Railway Bridge 

needs to be re-ascertained as this level is attained even at a very low discharge/flood, 

thereby, causing panic to citizens of NCT of Delhi. Earlier, warning & danger levels at Old 

Railway Bridge were 204.00 m & 204.83 m, respectively. However, in the year 2019, the 

warning & danger levels were raised by 0.5 m which is 204.50 m & 205.33 m, 
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respectively. Delhi Govt. officials informed that they are now contemplating to change 

warning & danger levels further to 205.00 m and 205.75 m, respectively.  

As per IFCD, Govt. of NCTD, at Warning Level which is 204.50m, gates at inlets of some 

drains are required to be closed. Further, after attaining danger level (205.33m) water of 

the active river course starts spreading on the area within the embankments, affecting 

the activities of inhabitants/dwellers residing therein. Further, some villages like, Ghari 

Mandu, Usmanpur, Madanpur Khadar and other unauthorized colonies also exist within 

river embankments. The backflow of the drains at the time of high stages of river Yamuna 

needs to be studied and the committee emphasized the regular Inspection, desilting and 

maintenance schedule of drains need to be ensured by Government NCT. 

It was informed by I&FCD, Govt of Delhi that a study has been awarded to Central Water 

and Power Research Station (CWPRS) for ascertaining the Warning and Danger level of 

river Yamuna in Delhi and currently that study is under progress.  

7.11 Conclusion 

(a) The efforts are being made by DDA as well as I&FCD, Government of NCT Delhi 

for removal of encroachments, muck, temporary construction materials from water way 

of river Yamuna. However, an integrated approach by a Nodal Agency by involving all 

agencies like DMRC, DDA, Delhi PWD, I&FCD, Delhi Jal Board and other Government 

agencies carrying out construction activities in river Yamuna should be adopted to make 

river Yamuna free from such encroachments.  

(b) The drainage network of Delhi NCR region should be cleaned/ desilted and a 

separate SoP for regular maintenance and inspection of drains may be prepared.   

(c ) I&FCD, Govt. of NCT Delhi may take up matter with Delhi Development Authority 

(DDA) for the levels of approach roads in use as per the water levels indicated in 

simulation study. 

(d)  The appropriate Warning and Danger levels may be arrived at byI&FCD, Govt. of 

NCT of Delhi after completion of CWPRS studies.  
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Table 7.2: Action Taken Report By IFCD 

S. 

No. 

Location  Obstructions Agency Earlier Photographs 

 

Current Status Photographs Remarks 

1.  Downstream of 
Wazirabad 
Barrage 

Temporary 
structures, 
malba, sheet 
piles, pile 
heads, C&D 
waste, earthen 
bundies etc. 

DMRC 

  

 Construction work 
still in progress 
within the river 
course. Approx. 20% 
obsruction in river 
course is still there.  
 

 Widening of River 
course by width more 
than the obstruction 
to be created on 
eastern side. 
  

 70% water way clear 
between metro piller 
No. 194 & 195. 

 Temporary office in  
form of porta cabin 
surrounded by 
barricades still present 
on eastern side. 
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2.  Signature 
Bridge 

Temporary 
structures, 
malba, sheet 
piles, pile 
heads, C&D 
waste, earthen 
bundies etc. 

DTTDC 

  

Waterway has been 
cleared below the bridge. 
However obstructions are 
still in waterway between 
DTTDC and DMRC site.  
Excavated earth/C&D 
waste dumped on the 
banks of river, needs to be 
excavated and disposed 
off outside of floodplain.  
Work is halted with the 
wrong plea that it does 
not pertain to them. 
No further progress till 
there.  
 

 



98 

3.  Pontoons are 
laying near 
Flood Plain 
area Signature 
Bridge  

Pontoons PWD   

Pontoons has been 
removed from western 
bank but Pantoons still 
lying along eastern bank 
and one number within 
the River course behind 
Guru Dwara (Majnu ka 
Tila). 
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4.  Manholes from 
the IGL station 
to Metcalf 
House drain 

Raising of 
height of 
Manholes and 
there capping 

PWD 

  

The damaged slab has 

been repaired.  

 

 

 

 

 

 

 

 

 

Work in progress.  

 

In stretch of 160 meter 
manholes height has been 
raised but placing of M.H 
covers yet to be done.  
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5.  Toe wall along 
Outer Ring 
Road IGL 
station  

Gaps in the 
toe wall & 
Shorter toe 
wall 

PWD / 

I&FC 

  

Work completed. 

 

 
6.  Outer Ring 

Road 
Damaged 
parapet wall 
and Open Bell 
Mouths 

PWD 

  

 
60% work of Bell mouth 
cleaning has been 
completed. Work in 
progress.  
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7.  Constructions of 
railway bridge 
u/s of existing 
Old Railway 
Bridge (ORB) 

Temporary 
structures, 
malba, sheet 
piles, pile 
heads, C&D 
waste, earthen 
bundies etc. 

Northern 
Railway 

  

 Work of demolition of 
two abandoned well 
upto NSL completed. 
 

 80% Waterway 
between three piers 
has been cleared. 
 

 Work is in progress on 
western side.  

 

 

 Construction material, 
C&D waste, 
machinery, site office, 
approach on eastern 
bank yet to be 
removed and taken 
away from flood plain. 
 

 Arrangement of CC 
Blocks made by 
Railway to plug the 
entry points towards 
Ring Road in case of 
Flood. 
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8.  ITO Barrage Silt up / 
damaged 
gates 

Haryana 
Irrigation 

  

All gates opened. 
 
 

9.  PWD Bridge Temporary 
structures, 
malba, sheet 
piles, pile 
heads, C&D 
waste, earthen 
bundies etc. 

PWD 

 

 

 

 

 

 

 

 

 

Obstructions from water 
course yet to be 
removed 

Construction work by 
PWD are still in 
progress. Increase in 
active course/ waterway 
is required as around 50 
mtr. portion on left bank 
side is obstructed by 
approach path. Further, 
around 50 mtr. width is 
obstructed by mid pier. 
PWD need to expedite 
the removal of 
obstruction.  

Only 10m(approx). wide 
channel has been 
created on left bank side 
to increase the active 
corse /waterway 
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10.  NCRTC Bridge Temporary 
structures, 
malba, sheet 
piles, pile 
heads, C&D 
waste, earthen 
bundies etc. 

NCRTC 

  

The waterway has been 
cleared completely below 
the bridge. Island / platform 
created/formed 
downstream side is still to 
be cleared.  
 
80% obstructions removed 
from flood plain. However, 
the removed earth has 
been levelled on the banks, 
 which needs to be 
removed and taken out of 
flood plain. 
 
The approach path/road 
made in flood plain also to 
be removed and excavated 
material be taken out of 
flood plain. 
No further improvement.  
 

 

 

June 2023 
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11. Bombay-
Baroda 
Expressway 

Obstructions 
Exist in flood 
plain along 
western bank. 

NHAI 

  

Obstructions in Yamuna 
flood plain on western side. 
 
Approximately 180000 sq 
mt. area occupied in form 
of site office, yard, 
approach to bridge 
approach to pillar etc. 
 
 
 

  

12.  NHAI - Delhi to 
Dehradun 
Expressway 

Restoration of 
retaining wall/ 
Parapet wall on 
left side 
embankment 
from 
Akshardham to 
Khazoori 
Chowk. 
 

NHAI 

  

The work in critical portion 
near Gandhi Nagar Market 
has been completed.  
 
However, work is in 
progress on L.M. Bund 
(around 5% work 
completed, of the total 
parapet wall to be 
restored).  
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No further progress.  
A letter has been received 
on dated 29/07/2024 from 
Project Director NHAI 
stating that work of 
boundary wall on LM Bund 
is started by the EPC 
Contractor M/s. Gawar 
construction Ltd. and shall 
be completed as early as 
possible. 

 
Measures taken by I&FC Department to improve carrying capacity of river and prevent entry/overtopping of flood water into city 
 

13.  Deepening of 
waterway at 
following 
locations:  

(i) U/S ITO 
Bridge 

(ii) D/S ITO 
Bridge/ 
Barrage 

(iii) D/S ORB 
Bridge 

(iv) in front of 
Vasudev 
Ghat (L/ 
Bank of 
Yamuna U/s 
of 
Yudhishthir 
setu 

(v) upstream of 
ORB 

Temporary 
measure to 
create 
additional 
passage to 
pass 
additional 
discharge 
during flood.  

  

 

Work completed 
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(vi) D/s of 
Wazirabad 
Barrage 

14.  Restoration of 
gate at Nallah 
No.12 

To prevent 
entry of flood 
water into city 

 

  

Work completed. 
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15.  Tanga Stand 
Regulator 
Raising the 
height of gates. 
 

To prevent 
overtopping of 
gates. 

 

 

Previous 

 Gate Height -3.45m 

        Width- 2.04m 

 

 

 
Now 
Gate Height – 4.45m 
        Width- 2.04m 
 

 
 
 
 
 
 
Work completed. 

16.  Metcalf House 
Regulator 
 

  

 

Previous 

 Gate Height -3.25m 

        Width- 2.05m 

 
Now 
Gate Height – 4.25m 
        Width- 2.05m 
 

 
 
 
 
 
 
Work completed. 
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17.  Installation of 
Flap door at 
Magazine 
drain. 

Fabrication 
and 
Installation of 
Flap door at 
the opening of 
regulator. 
 

  

 

Work completed. 
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18.  Raising of 
existing 
parapet wall 
along Ring 
Road. 

Raising of 
existing 
parapet wall 
from Khybar 
pass to 
Chandgi Ram 
Akhahra at 
Ring Road. 
 

 

 
 

Work completed. 

19.  Ramp at Entry 
point at Boat 
Club 

Raising of 
height of ramp 
from 208.66 
meter to 
209.30 meter. 
 

 

  

Work completed 

20.  Restoration of 
existing 
Yamuna Bazar 
wall. 

At Yamuna 
bazar wall the 
gaps are 
provided at 
stair case 
location for 
pedestrian 
movement. The 
gaps are 
plugged by 
constructing 
brick work. 

 

  

Work completed. 
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21. Yamuna River 
right bank near 
Neeli Chatri. 

Raising of 
parapet wall 
along footpath 
up to 209.00 
meter. 
 

 

  

Work completed. 

22. Hakikat Nagar 
Inlet at NG 
Drain 

Inlet of 
Najafgarh 
drain - repair, 
restoration 
and testing 

  

 

Work completed. 
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23. Bhalaswa Lake 
Inlet at 
Supplementary 
Drain 

Providing Flap 
Shutter 

  

 

Work completed. 

24. Ramp in front 
of Neem Karoli 
Mandir 

To prevent the 
flood water 
coming to 
Ring Road  
 

 

  

 

 

 

 

Work completed. 

25. Raising the 
level of right 
bank d/s of the 
Ring Road of 
Metcalf House 
Drain 

To prevent the 
flood water 
coming to 
Ring Road 
(Top level – 
209.500m) 

  

 

Work completed. 
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S. 

No. 

Location  Obstructions Agency Earlier Position 

 

Latest Position 
 

Remarks 

26.  Mungeshpur 
Drain (RD 
2700m) 

Regarding 
removal of 
obstruction 
from 
Mungeshpur 
drain in 
reference to 
NHAI work 
“Developmen
t of 6-lane 
Urban 
Extension 
Road (UER-
II)” 
 

NHAI  

 

 
 

 All (31 nos.) pipe diversions 
removed. Work completed.  

 At one location, water way 
of drain is restricted to 10m 
out of 24m as such NHAI 
has been asked to make 
alternative contingency 
arrangements.  
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27.  Najafgarh 
Jheel and 
Drains of 
Haryana (L-2 
& L-3) 

Construction 
of Drains 
embankment 
across the 
Najafgarh 
Jheel by Govt. 
of Haryana   

Govt. of 

Haryana 

 

 

 

 
 
 
 
 
 
 
 

 The request has been 
made to stop the work in 
Jheel portion at various 
levels of GMDA and 
I&WRD, Govt. of Haryana. 

 DO letter dated 27.05.2024 
has been written to Chief 
Secretary (Haryana) by 
ACS (I&FC) to stop the 
work in Jheel area. 

 DO letter dated 05.06.2024 
has been written to Chief 
Secretary (Haryana) by 
worthy Chief Secretary, 
GNCTD   to stop the work 
in Jheel area. However, 
work has not been 
stopped by Govt. of 
Haryana.  
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28.  Najafgarh 
Drain at u/s of 
outer ring 
road, 
Keshopur 

Removal of 
obstruction 
(Earthen 
bundi) across  
Najafgarh 
Drain 

DMRC   

 

 Obstruction in the form of 
earthen bund across 
Najafgarh Drain on 
Janakpuri-Majlish Park 
Metro Line has been 
removed.   

 Obstruction below the PWD 
bridge by DMRC in the form 
of earthen bags is yet to 
be removed. 

 Obstruction in the form of 
large size pile cap above 
the designed bed level is 
to be dismantled and 
removed. 
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29.  Basaidarapur 
near ring road 

Removal of 
pipeline 
bridge 
obstructing 
waterway of 
Najafgarh 
Drain and 
shifting the 
pipeline to 
adjacent 
bridge after 
strengthening
. Plugging of 
abandoned 
pipeline  

DJB   

 

 

 

Work completed. 
 
 
 
 
 
 
 
 
 

30.  Fatehpur Beri Asola Drain 
has no outfall 
but outfalling 
in private land.  

I&FC 

Deptt. 

 

 

 

 Asola drain has no outfall, 
terminates into depression 
area leading to flooding in 
the surroundings. 

 Consultant appointed on 
the recommendation of the 
Committee constituted by 
Hon’ble High Court.  

 Accordingly, proposal 
submitted on 03.06.2024 to 
Revenue Deptt. to verifying 
the Khasra wise draft plan 
in order to initiate the land 
acquisition process. 

 As short term measures 
I&FC deptt. regularly 
cleaning the drain and 
keeping pumps available 
to meet any contingency in 
the area. 
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31.  Najafgarh 
Drain from 
outer ring 
road (RD 
40680m) to 
Ranhola 
Bridge(RD 
34350m)  

Dredging of 
hump no. 2  

I&FC  

 
 
 
 
 

 Target Qty. of Silt to be 
removed: 3.48 Lac Cum 

 Silt removed till upto 
30.06.2024: 3.10 Lac Cum 

 Balance Silt will be 
removed after Monsoon 
season. 

 Disposal work is in 
progress. 
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32.  Najafgarh 
Drain down -
stream to 
Basaidarapur 
Bridge RD 
45350m   

Blockage of 
water way for 
flyover 
construction  

PWD   

 

The PWD filled earth in the 
water-way of Najafgarh Drain 
to facilitate construction of 
flyover. 
 
80% of the obstruction 
removed and balance to be 
removed. 
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33.  
Supplementar
y drain u/s of 
Wazirabad 
road 

Obstructions 
and 
Inadequate 
diversion 
arrangement 
leading to 
afflux and 
water logging 
in U/s areas.  

DMRC 

 
 

Work completed. 

34.  
Barapullah 
drain  

Obstructions in 
drain bed. 

NCRTC 

  

 62% of waterway obstruction 
removed. However, removal 
of muck, C&D waste, pile 
heads, concrete blocks and 
silt / excavated earth from 
drain is required, which is lying 
on the bank of the drain.  

 Further, demolition and 
removal of test piles, pile 
heads, concrete blocks lying 
in bed is also required. 

 No further progress. 
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35 Ghazipur 
Drain 

Obstructions in 
drain bed. 

NCRTC  

 

 Around 80% obstruction 
removed from waterway.  

 Silt is placed on the bank, of 
which disposal is required. 

 Removal of muck, C&D 
waste, construction 
material, shuttering, pile 
heads, concrete blocks etc. 
from balance portion is 
required. 

 No further progress. 
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8                               Storage Possibility of Flood water 

8.1 Introduction 

The committee examined the possibility of storage of excess flood water by creation of 

underground reservoirs, storages in flood plains of river Yamuna for surplus flood water 

and the possibility of storing flood waters in Asola Bhatti wildlife Sanctuary where number 

of mining pits are available and might serve for ground water recharge through these pits. 

8.2  Creation of Underground Storage  

There are examples of underground reservoirs created for flood moderation purpose in 

Japan. The Metropolitan Area Outer Underground Discharge Channel is an underground 

water infrastructure project in Kasukabe, Saitama, Japan. It is the world's so called largest 

underground flood water diversion facility, built to mitigate overflowing of the city's major 

waterways and rivers during rain and typhoon seasons. It is located between Showa in 

Tokyo and Kasukabe in Saitama prefecture, on the outskirts of the city of Tokyo in the 

Greater Tokyo Area, Japan. Work on the project started in 1992 and was completed by 

early 2006 at an approximate cost of 2.6 billion US$ (2006). It consists of five concrete 

containment silos/ shafts with heights of 65 m and diameters of 32 m, connected by 

6.4 km of tunnels, 50 m beneath the surface, as well as a large water tank with a height 

of 25.4 m, with a length of 177 m, with a width of 78 m, and with 59 massive pillars each 

weighing 500 ton connected to 7810 MW (13,000 hp) pumps that can pump up to 

200 tons of water into the Edo River per second. These shafts and underground tunnel 

will divert the flood water in the rivers Oootoshifurutene, Koumatsu, Kuramatsu, Naka 

and No 18 Channel to the Edo River. The capacity of this arrangement is 6,70,000 cubic 

meter. The tank adjusts the water pressure for the pumps to operate smoothly in order to 

pump the water into Edo River. 

The flood water diversion facility described above seems to be technically feasible. 

However, the following issues need to be considered: 

Magnitude of flooding- The last flood sustained for about 2 days with discharge of about 

3.7 lakh cusecs which is quite high. 

Siltation- There are issues of heavy silt load in Indian rivers. Hence, handling silt load 

for an underground storage will pose a major challenge. 

Financial considerations- Japanese experts themselves claim that the work began on 

the facility here in Kasukabe in the early 1990s, at a time when Japan was pouring funds, 

and concrete, into huge public works projects. But now, the country is less able to muster 

the resources to fund such ambitious projects. They consider now it as a one time feat, 

not to be repeated. 

https://en.wikipedia.org/wiki/Kasukabe,_Saitama
https://en.wikipedia.org/wiki/Metric_ton
https://en.wikipedia.org/wiki/Edo_River
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8.3 Storage of Flood waters in Flood Plains of River Yamuna 

I&FC Department, Govt. of NCT Delhi has conducted a study where 6 probable locations 

have been identified in river Yamuna flood plains for recharging using flood water.  

The physical parameters of the proposed reservoirs are given in Table 8.1  

Table 8.1: Physical parameters of the proposed reservoirs 

Sl. 
No. 

Location Surface 
Area 
(Sq.m) 

Average 
Depth (m) 

Storage 
Volume 
(Cubic.m) 

1 Right Bank, north of Old 
Bawana Escape [Sheet 
No. 33] 

9,00,000 1.5 1,350,000 

2 Right Bank, south of Old 
Bawana Escape [Sheet 
No. 33] 

1,170,000 1.5 1,755,000 

3 Left Bank, west of 
Sabapur, [Sheet No. 33] 

8,40,000 1.5 1,260,000 

4 Left Bank, south of 
Wazirabad Barrage 
[Sheet No. 34] 

2,500,000 1.5 3,750,000 

5 Left Bank, between 
Railway Bridge and ITO 
Bridge [Sheet No. 41] 

6,05,000 1.5 9,07,500 

6 Left Bank, opp. Mayur 
Vihar [Sheet No. 41] 

3,120,000 1.5 4,680,000 

 Total   13,707,500 

 

 

The locations of probable reservoirs are highlighted in Maps given in Fig. 8.1,Fig. 

8.2&Fig. 8.3 
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Fig. 8.1 Locations of probable reservoirs 

 

Fig. 8.2: Locations of probable reservoirs 

Right Bank, north of Old 

Bawana Escape 

Right Bank, south of 

Old Bawana Escape 

Left Bank, west of 

Sabapur 

Left Bank, south 

of Wazirabad 

Barrage 
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Fig. 8.3: Locations of probable reservoirs 

The committee was of the view that prima facie, the above sites may not be adequate to 

accommodate high flows during flood period. However, further study may be conducted 

by Govt. of NCT of Delhi for suggesting any further potential location for detention of flood 

waters in Delhi region and this aspect will be discussed in the final report. 

8.4 Storage of flood waters of Delhi in Bhatti Mines area 

Govt. of Delhi has also identified Bhatti Mines area to store floodwaters in the pits of 

Bhatti Mines and to recharge the groundwater table in the area is described in detail in 

succeeding paras.  

The genesis of exploring the any possibility of ground water recharge in Bhatti Mines area 

of NCT, Delhi was initiated in a meeting held under the chairmanship of Hon’ble 

Lieutenant Governor of Delhi to discuss about the possibilities of Artificial recharge to 

ground water in abandoned Bhatti mines area of NCT, Delhi by diverting the surplus 

monsoon runoff which is otherwise goes waste as non-committed flow. A preliminary 

study in this respect has been carried out by Central Ground Water Board (CGWB). 

The project area is Asola Bhatti wildlife Sanctuary where number of mining pits are 

available and incepted an idea for ground water recharge through these pits. As per 

Central Ground Water Board (CGWB), there are 15 major pits which can be utilized for 

recharge to ground water. Total capacity of these pits is about 5200 MLD i.e. 52, 00,000 

cubic meters per day. These pits can be filled with 4200 Million litres of water by pumping 

the surplus monsoon runoff from river Yamuna for 60 days in a year.  

Left Bank, between 

Railway Bridge and ITO 

Bridge 

Left Bank, opp. Mayur 

Vihar 
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Fig. 8.4: Picture of one of the mine in Bhatti area 

 

Fig. 8.5: Location of Bhatti mines where the AR project need to be implemented. 

8.4.1 Rainfall in NCT Delhi  

The normal rainfall of NCT Delhi is 794 mm. The rainfall increases from west to east. 

About 80% of the annual rainfall is received during the monsoon months July, August 

and September. The rest of the annual rainfall is received in the form of winter rain. Long- 

term rainfall data 1984 to 2021 shows that the rainfall in Delhi is highly variable and which 

in turn affects the natural recharge to ground water from year to year. The probability of 

rainfall exceeding normal rainfall of 794 mm is up to 62% whereas there are 90% chances 

that rainfall would limit to 450mm. 
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8.4.2 Hydrogeology and Depth to Water Levels of Bhatti Mines area 

Bhatti mines are located in southern most part of NCT, Delhi in Southern Ridge area. The 

mines are underlain by Alwar quartzite of Delhi System exposed in the area belonging to 

Pre-Cambrian age. The quartzites are pinkish to grey in colour, hard, compact, highly 

jointed/ fractured and weathered.  These occur with interbeds of mica-schists and are 

intruded locally by pegmatites and quartz veins. The strike of these rocks varies northeast 

southwest to north-northeast south southwest with steep dips towards southeast and east 

except for some local variations due to folding.  The prominent joint sets are strike joints, 

bedding joints and dip joints.  Quartzite are ferruginous and gritty types on weathering 

and subsequent disintegration give rise to coarse sand (Badarpur sands).  Ground water 

occurs in weathered formation as well as in fractures and joints which are prolific in the 

area. Chemical weathering of deeper horizons is also common which acts good 

repository of ground water. Yield of tubewells of depth about 100 to 150 m below ground 

level varies from 100 to 200 LPM. Transmissivity of Delhi Quartzite varies from 5 to 135 

m2/ day. 

 

8.4.3 Depth to Water Levels:  

Central Ground Water Board is monitoring the ground water in Bhatti mines area through 

a piezometer located at Bhatti mines. Pre-monsoon depth to water levels during 2022 is 

48.64 m bgl and post monsoon water level is 39.17 m bgl. The Table 8.2 the depth to 

water levels in Bhatti mines area for the last one decade i.e. 2012 to 2022. 
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Table 8.2: Depth to water levels in Bhatti mines area 

Year 
Depth to water levels (Pre-
monsoon period) 
m. below ground level 

Depth to water levels 
(Prost-monsoon period) 
m. below ground level 

2012 49.27 43 

2013 47.98 44.68 

2014 48.07 48.16 

2015 49.18 43.01 

2016 48.74 47.56 

2017 50.61 49.02 

2018 50.95 49.61 

2019 54.1 53.16 

2020 55.16 49.1 

2021 54.72 40.55 

2022 48.64 39.17 

From above table, it can be seen, that there is no much variations in ground water levels 

in the area except brief period of 2019 and 2020 where groundwater levels reached to 55 

m bgl (below ground level).  In rest of the years, the ground water levels are in between 

48 to 51 m bgl during pre-monsoon period.  

8.4.4 Demarcation of Areal extent and impact of recharge to ground water in Bhatti 
mines area: 

Central Ground Water Board has carried out Artificial Recharge to Ground water in JNU-

Sanjay Van area during 1996 to 1998 under Central Sector Scheme. Under this scheme, 

four check dams were constructed in JNU-Sanjay Van watershed. The impact of these 

check dams on ground water regime has been studied in detail. The finding of these 

studies are utilized in estimation of area to be benefitted through recharge to ground 

water in Bhatti mines areas as these two areas are hydrogeological similar in nature.  

• The recharge efficiency of pondage created through check dams is 95 to 99.7% 
based on the fracture zones encountered and aquifer zones present in the area. 

• The evaporation losses are very minimal and vary from 0.3 to 5%. 

• The rise in water level varied from 0.33 to 13.70. The rise is highest in the area 
surrounding the check dams and away from the ponds, the rise in less. On an 
average the water level rise of about 2.5 m is observed in the area.  

• Due to repetitive filling, capacity utilization up to 300% is achieved in the check 
dams.  
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• During 1998, the total recharge from these check dams was of the order of 76000 
cubic meters and benefitted area is 74 Ha.  

• In the zone of benefit, the yield of wells has been increased in the form of more 
pumping hours and availability of more water in wells during summer after 
construction of check dams. 

• Based on the above observation, the following interpretation can be drawn for the 
recharge project in Bhatti mines area: 

The pits can be filled repeatedly at least 3 times in a year. Thus the total water can be 

filled in these pits will be about 12600 ML if surplus monsoon water is available. With 

moderate estimates considering two filling of these pits, about 8400 ML of water can be 

filled in these pits. Considering the 5% evaporation loses, about 8000 ML water can be 

recharged to ground water. Considering the average rise in water levels will be about 2.5 

m and Specific yield of about 0.04, it is estimated that about 8000 Ha area will be 

benefitted if 8400 ML water is released into the pits. Exact area can only be demarcated 

by construction of piezometers in the area for monitoring purposes after implementation 

of the project.  

8.4.5 Number of tube wells to be constructed in the area and hours of operation: 

It is estimated that about 8000 ML of water (80,00,000 Cu.mts) is available throughout 

the year to be used for drinking purposes. Considering the discharge of one tubewell 

about 6 Cu.mt/hour and taking 8 hours of pumping, one tubewell will yield about 48 

Cu.mt/day water. Considering about 300 days of water supply in a year, one tubewell can 

supply about 14400 Cu.mts. As there is 80,00,000 Cu.mts of recharged additional water 

is available, it can be estimated that about 555 tubewells can be constructed in the area 

for water supply to the villages. As the ground water flow is both towards, Delhi and 

Haryana side, safely 200 tubewells can be constructed by NCT Delhi to exploit the 

additional water available in the area.  

8.4.6 Quality of water to be recharged 

The pits are located in highly fractured quartzite, and fractured aquifer is directly exposed 

in the pits, the water to be recharged should be of good quality without pollution. Polluted 

water need to be avoided for recharge purpose in the mines area. Desiltaiton also 

required to be taken up before diverting the water into the recharge pits. Water quality 

monitoring stations need to be established for proper monitoring of ground water in the 

area. The silt and top soil layer which is already present in the pits need to be cleaned 

before implementing the recharge project in the area. The periodic removal of silt to be 

deposited in the mine pits also need to be taken up.   

8.5 Conclusions 

a. The six probable locations that have been identified by IFCD, Govt. of Delhi in river 

Yamuna flood plains for recharge using flood water are concerned, prima facie, 

these sites may not be adequate to accommodate high flows during flood period. 
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However, further study may be conducted by Govt. of NCT of Delhi for suggesting 

any further potential location for detention of flood waters in Delhi region. 

b. Regarding storage of floodwaters in the pits of Bhatti Mines and recharging the 

groundwater table in the area is concerned, there are several concerns which have 

to be carefully addressed. The foremost concern is the water quality entering into 

pits as the pits are located in highly fractured quartzite, and fractured aquifer is 

directly exposed in the pits. Polluted water need to be avoided for recharge purpose 

in the mines area. Desiltaiton is also required to be taken up before diverting the 

water into the recharge pits. Water quality monitoring stations need to be 

established for proper monitoring of ground water in the area. The silt and top soil 

layer which is already present in the pits need to be cleaned before implementing 

the recharge project in the area. The periodic removal of silt to be deposited in the 

mine pits also need to be taken up. Keeping in view the above concerns a separate 

studies may be undertaken by Govt. of Delhi  

c. The examples of underground reservoirs created for flood moderation purpose in 

Japan for flood water diversion facility may be technically feasible. However, 

considering the issues in context to Indian rivers like high magnitude of flooding, 

excessive silt load of rivers and huge financial investments, prime facie the same 

may not be techno-economically viable in flood mitigation.   
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9     Summary of Conclusions and Recommendations  

The committee constituted for “Joint Flood Management Study of River Yamuna for its 

reach between Hathnikund and Okhla Barrage” based upon the studies, deliberations in 

the meetings of committee, site inspections of barrages, model studies, collection & 

analysis of data led to some conclusions and recommendations for effective flood 

management which are presented in following headings- 

9.1 Catchment Rainfall Analysis 

The analysis of catchment representative 5-day cumulative rainfall, it has been found that 

the catchment representative rainfall at old Delhi railway bridge in 2023  is 23.8% more in 

comparison to rainfall of year 1978. The catchment representative rainfall in year 2023 at 

Mawi G&D site is about 31.5% more in comparison to rainfall of year 1978. The 

catchment representative rainfall in year 2023 at Hathnikund barrage site is about 42.7% 

more in comparison to rainfall of year 1978. The cumulative 5-day catchment 

representative rainfall during July 2023 at Hathnikund barrage and Mawi G&D site 

corresponds to rainfall of about 100 year return period. 

From the Stage Hydrograph analysis at various Hydrological Observations (HO) sites on 

river Yamuna as well as from rainfall analysis in Yamuna catchment, it can be concluded 

that rainfall during 9th July, to 13th July, 2023 period was one of the major causative factor 

for extreme flooding in Delhi and other locations along the reach of river Yamuna. 

9.2 Flood Frequency Analysis 

For determination of 5, 10, 25, 50, 100 200  and 500 year return period flood at 

Hathnikund Barrage, Delhi Rail Bridge and Okhla Barrage, flood frequency analysis has 

been carried out on the basis of past historical flood data.The return period floods as 

found out from the analysis is as under- 

 Hathnikund Barrage 

Return Period Discharge (cumec) 90%U confidence limit 90%L confidence limit 

5 11541 13752 9330 

10 14327 17313 11341 

25 17847 21873 13821 

50 20458 25275 15641 

100 23050 28661 17439 

200 25633 32041 19224 

500 29040 36505 21574 
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Old Delhi Rail Bridge 

Return Period Discharge (cumec) 90%U confidence limit 90%L confidence limit 

5 4025 4721 3330 

10 5157 6096 4217 

25 6587 7852 5319 

50 7648 9162 6131 

100 8701 10464 6934 

200 9748 11763 7732 

500 11131 13480 8783 

 Okhla Barrage 

Return Period Discharge (cumec) 90%U confidence limit 90%L confidence limit 

5 5040 6269 3811 

10 6614 8274 4954 

25 8603 10841 6365 

50 10079 12756 7401 

100 11543 14663 8424 

200 13003 16565 9440 

500 14928 19078 10778 

As Hathnikund discharge values have already been reconciled and discharge at Old Delhi 

Railway Bridge are observed, hence both are considered consistent .Further, discharge 

values at Okhla are to be reconciled by project authority. However, as far as the analysis 

of flood in Yamuna in Delhi is concerned, the discharge values at Old Delhi Railway 

Bridge are most important which are consistent.  

9.3 Discharge carrying capacity of River Yamuna up to Delhi Border 

With an objective to find out discharge carrying capacity of river Yamuna, 1D water profile 

simulation studies carried were out in HEC-RAS based on the water profile simulations 

using surveyed cross sections of river Yamuna from Hathnikund barrage up to Delhi-

Haryana border for a reach of about 202 km has been carried out by CWC. The details 

of the study is described in chapter 4 of this report.  

This study is based on cross-sectional data provided by the Irrigation & Water Resource 

Department, Government of Haryana. As limited data of cross-section has been provided, 

the results looks like erratic. Therefore, Hec Ras Model used for the study has been shred 

with the Irrigation and Water Resources Department, Government of Haryana, for 

refinement as per proper cross-sections and validation to arrive at realistic carrying 

capacity in various reaches. 

From above, It can be seen that the carrying capacity of river Yamuna in various divisions 

spread across 202 Km varies from 1000 cumecs ( in Karnal Division between RD 6976m 
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to 15979m) to 30000 cumec (Delhi Division between RD 500m to 3500m) reach between 

RD0 to RD 3500m of Delhi division. However, at some places embankments has been 

provided to protect certain areas. Further, spilling beyond banks also happen during 

heavy flood and managed by Govt. of Haryana as per their procedures.  

9.4 Monsoon Peak Discharge and Submergence Area in Delhi 

In the 2D hydrodynamic model simulation, these flood values of different return periods 

were passed through DRB to get the corresponding water level at different locations and 

flood submergence areas over the Delhi reach of River Yamuna. The model incorporated 

the observed cross-section data, open drain data, bunds and embankment data as 

received from the Delhi Government. The results of the model simulation is given in Table 

9.1. 

Table 9.1: Submergence Area over Delhi reach of River Yamuna 

Return Period 
(Year) 

DRB Discharge 
(M3/s) 

DRB Water 
Level (m) 

Submergence 
Area (Km2) 

(within 
embankments) 

Net Submergence 
Area (Km2) 

2 2316 204.2 26.42 0 

5 4025 205.99 30.82 0.4 

10 5157 206.9 47.11 16.7 

25 6587 207.94 63.51 33.1 

2023 Flood 6999 208.6 74.525 44.1 

50 7648 208.75 77.76 47.3 

100 8701 209.35 85.25 54.8 

Net Submergence area = Submergence area- Main channel area ie. 30.46 Km2 (within its banks) 

The maximum water levels in the river corresponding to 2, 5, 10, 25, 50 and 100 year 

return period floods as per the 2D model study are mentioned in Table 5.4 and Fig. 5.3 

of Chapter 5 of the Report. 

9.5 Embankment Overtopping  

In order to find potential overtopping zones of embankment, the 2D Model studies was 

simulated with different return period floods, the result of which is tabulated below- 

Return period 

Passing 
Discharge at 
DRB (cumec) 

Simulated 
WL at DRB 

(m) 

Embankment Overtopping 
locations 

Remark 

2-year 2316 204.2 No Overtopping  

5-year 4025 205.9 No Overtopping  

10-year 5157 206.9 No Overtopping  

25-year 6587 207.94 No Overtopping  

July, 2023 Flood 
[ Between 25 -50 

year return 
period]  

6999 208.7 

Location Bank 
Max WL 
reached Overtopping at Nili 

chhatri area is observed 
in simulation. The same 
is Verified on ground by 

Nili Chhatri Right  208.88 
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the Delhi Government 
during July, 2023 floods. 
Max water level of 
208.88m is reached 
which is above the 
existing bund level. No 
overtopping at any other 
location shown by the 
model. 

50-year 7648 208.75 

Location Bank 
Max WL 
reached 

At Nili chhatri area, max 
water level of 208.98m 
may be reached which is 
above the existing bund 
level.  
No overtopping at any 
other location shown by 
the model. 

Nili Chhatri Right  208.98 

   Location Bank 
Max WL 
reached 

At Nili chhatri area, max 
water level of 209.55m 
may be reached which is 
above the existing bund 
level. No overtopping at 
any other location shown 
by the model.  

100-year 8701 209.35 Nili Chhatri Right  209.55 

100-year 
With  elevated Nili 

Chhatri bund in 
the model 

8701 209.44 
Nili 

Chhatri 
Right  209.68 

The 2D Model studies shows that during floods of 2023 (with discharge 6999 cumec) 

overtopping at Nili Chhatri area is observed and the same was verified on ground by the 

I&FCD Govt. of NCT Delhi during July, 2023 floods. Max water level of 208.88m was 

reached at Delhi Railway Bridge which is above the existing bund level in that area. No 

overtopping at any other location shown by the model which has also been confirmed by 

Government of Uttar Pradesh and I&FCD, Govt. of NCT Delhi. However, for floods of 

magnitude 1 in 50 years and above, the Nili Chatri Area gets flooded therefore, it is 

recommended to adopt appropriate structural measures to avoid flooding in this area. 

9.6 Implications with floods of various return period in River Yamuna in Delhi 

The implications of floods of various return period as found out from 2 D Model Studies 

are as under-  

i. Flood up to 1-in-25-year flood (6587cumec) 

• No overtopping of embankments is shown in the model along the entire Delhi 
reach.  

ii. Flood corresponding to discharge of 6700 cumec. 

• The discharge of 6700 cumec and above at Delhi Rail Bridge may cause 

overtopping of embankment at Nili Chatri area on the right bank of river Yamuna.  

iii. Flood of year 2023 ( 6999 cumec) 

•  Simulated water level for 2023 flood at DRB is found to be 208.6m against the 

observed 208.65m. Also, simulated submergence area for 2023 flood is found to 

be 44.1 Sq. km which is slightly less than the simulated submergence area for 50-

year flood at DRB. The model shows overtopping from Metcalf house to Nili 
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Chhatri/ Yamuna Bazar Ring road area on right bank of river Yamuna with max 

water level reaching upto 208.88m. The same has been verified on ground by the 

Delhi Government.  

iv. Flood of 1-in-50 years( 7648 cumec) 

• The water may rise up to 208.75m at DRB resulting in submerging 47.3 Sq km 
which is 7.3% more than the area submerged in July 2023 Flood. This magnitude 
of flood, may cause embankment overtopping at Metcalf house to Nili Chhatri/ 
Yamuna Bazar Ring road area on right bank of river Yamuna with max water level 
reaching upto 208.98m. 

v. Flood of 1-in-100-year flood (8701 cumec) 

• The water level may rise up to 209.35m at Delhi Railway Bridge resulting in 

submerging 54.8 Sq km which is 24.0% more area as compared to the area 

submerged in July 2023 Flood. This magnitude of flood, may cause embankment 

overtopping at Metcalf house to Nili Chhatri/ Yamuna Bazar Ring road area on 

right bank of river Yamuna with max water level reaching up to 209.55m at Delhi 

railway Bridge. Now, raising the embankment height beyond this level (say to 

210.55m) in the model and again running shows that the max water Level now 

reached is 209.68m which may be taken as the maximum Water Level reaching 

for 100-year flood. 

vi. Table 5.6, Fig. 5.4 & Fig. 5.5 shows the simulated water levels for 100-year flood 

with respect to the right and the left embankment levels. Up to 100-year flood, no 

overtopping at any other location is shown by the model. However, the simulated 

water levels given in Table 5.6 may be matched with the actual bund levels by 

I&FC Department, Govt. of NCT Delhi to find the possible overtopping locations 

and raising the same with free board as per the codal provision. 

9.7 Identification of Drainage congestion  

As per the results of 2D Model Studies, the Drain No. 1, 2, 6, 7, 8, 9, 10, 11, 13, 14 and 

16 congestion starts with 2-years return period flood (i.e. discharge of 2316 cumecs), the 

Drain 3, 4, 5 and 12 congestion starts with 5-years return period flood (i.e. 4025 cumecs) 

and all drains start to get congested for 10-year and above return period flood.  

The committee observed that the drainage network within the Delhi NCR region is being 

maintained by different agencies like, I&FCD, Govt. of NCT Delhi, MCD, NDMC, etc. and 

there is no coordination among various agencies for operation of these drains. A SoP for 

operation of these drains in Delhi NCR region may be prepared with clear guidelines 

defining the procedures to be followed for operating these drains depending upon the 

water level in river Yamuna. There should be one coordinating agency which should be 

responsible for operation of drains in Delhi NCR region. The agency may be entrusted 

with the task of monitoring of proper maintenance and regular desilting of drains. The 

SoP for drains should also clearly define the details of pre monsoon and post monsoon 

inspections that are required to be carried out for the drains. 

As 2D Model studies shows that all the drains in Delhi NCR start congesting in a flow of 

10 and above years return period. Therefore, clear guidelines for operating these drains 
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may be formulated and proper pumping arrangement for ungated drains with detail SoP 

may be prepared. The overall coordinating agency should be made responsible for 

enforcing uniform SoP of drains in Delhi NCR region. Further, the capacity for pumping 

the water of each drain and passing it over embankment during flood may be reviewed 

and appropriately enhanced, if required.  

9.8  Afflux in River Yamuna and Review of Warning and Danger Level at Old Delhi 
Railway Bridge 

As elaborated in the 2 D Model studies by considering both scenarios with existing 

structures (terrain with existing structures & muck) and pier scenario (terrain with existing 

structures raised on piers), it is observed that the longitudinal water surface profile shows 

a marked difference in the water elevations in the middle reach only. This difference starts 

appearing around 12Km U/s from Wazirabad Barrage to 16Km D/s. The Water Surface 

Elevation profile for the existing Terrain is higher than the Pier Terrain which has all the 

lateral embankments raised on Piers. The maximum difference between the two Water 

Surface Elevations is found to be 0.536 meters at around 26.404 Km station which lies 

between Wazirabad and ITO Barrage. This possibly indicates the afflux produced due to 

the lateral embankments and muck lying downstream of Wazirabad Barrage. The 

committee recommends, the muck, encroachments and other restrictions in the right of 

way of river to be minimised in order to reduce the afflux in the river Yamuna.   

It was informed by I&FCD, Govt of NCT Delhi that a study has been awarded to Central 

Water and Power Research Station (CWPRS) for ascertaining the Warning and Danger 

level of river Yamuna in Delhi and currently that study is under progress. The committee 

was of the view that for the time being the Delhi Govt. may adopt the existing Warning 

and Danger levels till the time the study by CWPRS is complete. The issues related to 

dredging and siltation of river Yamuna may also be taken in the hydraulic model studies 

being undertaken by CWPRS.  

9.9 Barrages on river Yamuna 

The Central Water Commission Officers along with the concerned officers of State 

Government visited the barrages on river Yamuna. The detail site visit reports of CWC 

and observations thereon have already been shared with respective barrage operating 

authorities. 

The correct method of discharge computation through barrages to be adopted by the 

project authority as per IS codes has been conveyed to the project authorities of all 

barrages.  

The committee observed that there are various agencies of State Governments which 

are involved in operation of barrages on river Yamuna and there is a lack of coordination 

among various agencies. The committee recommends preparation of a detailed Standard 

Operating Procedures (SOP) for coordinated operation of barrages during flood with clear 

directions of operating barrages under different inflow conditions. The effective 

communication system between all stake holders may be established for operation of all 
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barrages in a coordinated and integrated manner. I&FCD, Govt. of NCT Delhi, may act 

as nodal agency, which should be responsible of operation of various barrages on river 

Yamuna during flood time in consultation with them. The prominent levels in all barrages 

should be corrected and connected with respect to a permanent bench mark of Survey 

of India so as to eliminate any scope discrepancy in observed discharges through 

barrages. The SOP for integrated operation of barrages must include details about 

operations & maintenance, communication, responsibilities of personal, evacuation plan, 

actions to be taken in case of extreme inflows, etc. may be prepared and implemented 

by nodal agency. There should be well established mechanism of measuring discharges 

through modern automatic equipment like SCADA etc. 

Besides above, the other recommendations of the committee in respect of all barrages is 

as under-  

• Discharge capacity of gates at various levels has been reconciled for the 

Hathnikund Barrage. The project authorities of Wazirabad barrage and Okhla 

barrage may also do the same as per studies being carried out by them through 

IRI, Roorkee and IIT, Delhi respectively. 

• Regular maintenance/overhauling of hydraulic gates, stop logs and hoisting 

equipment installed in barrages may be undertaken as per the Operation and 

Maintenance manual of the barrage/ codal provisions. The gates and operating 

equipment/ structure of barrages, canals should be inspected thoroughly for their 

structural strength and safety.  

• Any distress noticed in the gate and hoisting structure should be promptly repaired/ 

replaced. If any part of the hydro-mechanical equipment is found to be beyond 

economical repair, it may be replaced.  

• Seals of the spillway gates, under sluice gates and stoplogs of barrages may be 

inspected by the project authority and replaced, wherever required.  

• The Logbook for hydro-mechanical equipment operation and maintenance should 

be meticulously maintained. Hydraulic gates and their hoisting mechanisms, and 

water pumping system on various streams/ nallas entering into the Yamuna River 

should be checked for their proper functionality and adequacy. Repair/ replace 

wherever required before the onset of monsoon season. 

• Power back-up at barrages and pumping stations should be ensured.  

• De-siltation in the vicinity of hydraulic gates to be ensured wherever siltation is 

blocking the gate operation for smooth functioning of the gates.  

• The charts being used for obtaining the discharge corresponding various gate 

openings may be updated at the earliest as per the existing conditions and 

anticipated possible conditions upstream and downstream of the barrage.  

• Clearance of waterways may be taken care of with due precautions to restore the 

carrying capacity of river Yamuna.  
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• The option of installing automatic flow measurement devices along the river for 

accurate assessment of flows may also be explored in order collect the data for 

gauge, velocity and discharge accurately. 

• The barrages, weirs and canals may be operated as per the Operation Manual 

and Rule curves and depending on past flood experience, if any modifications 

need to be done, it may be done immediately.  

• The Tail Water Rating curves in respect of all the barrages need to be revised 

considering the changed morphological conditions. 

• It may be ensured that rainfall & discharge measuring equipment (raingauges, 

gauges, current meters, stop watches, boats, O. B. Engines, bridge outfits, cable 

tower & trolleys etc.) are working properly. All gauge posts/markings are properly 

painted, marked and connected with GTS Bench mark. Any uprooted/damaged 

gauge posts may be re-erected/ replaced as the case may be, properly. 

Communication systems such as wireless networks, internet facilities, video 

conferencing, phones, mobile phones, telemetry systems, are to be in readiness 

for the transmission of various data in real time. 

• The rain gauges including the self-recording type are in working condition with 

proper stationery available at each site. Also, the pre-monsoon cross-Sections of 

sites are completed and rating curves are updated. Telephone/cell numbers, 

emails of nodal officers/Important officers of all concerned authorities are readily 

available & displayed at respective stations / control rooms, etc 

9.10 ITO Barrage 

The basic structure of ITO barrage comprising of piers with gate grooves and deck slab   

is in place. The gates of the barrages are kept open during flood period so that the original 

condition of river is maintained and the barrage structure has a minimum impact on river 

flow during floods. Further, the barrage is linked with Road Bridge. Therefore, the only 

matter to be considered is whether gates are to be dismantled or not. It is observed that 

in lean season, the gates could be useful to impound some water for various purposes 

including recreational activities. Hence, it is recommended to operate ITO barrage with all 

gates open during floods in coordination with operation of Wazirabad barrage and Okhla 

barrage. It is also recommended that regular maintenance of all hydro-mechanical 

equipment of barrage be conducted as per the operation and maintenance manual of the 

barrage/codal provisions.  

The matter of handing over of the ITO barrage to Government of Delhi can be taken up 

separately by appropriate authority. 

9.11 Encroachments in the river Yamuna 

The committee was of the view that construction of temporary structures and muck 

disposal in the right of way of river during the construction led to the increased afflux 

during a flooding event as evident from the results of 2D Model Studies. Hence, after 
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construction the temporary structures should be properly dismantled and muck should be 

properly disposed away from the river bed/bank. 

The efforts are being made by DDA as well as I&FCD, Government of Delhi for removal 

of encroachments, muck, temporary construction materials from water way of river 

Yamuna. The committee recommends that an integrated approach by a Nodal Agency 

by involving all agencies like Delhi Metro, DDA, Delhi PWD, I&FCD, Delhi Jal Board and 

other Government agencies carrying out construction activities in river Yamuna should 

be adopted to make river Yamuna free from such encroachments. The encroachment 

free Yamuna will safeguard any further increase in afflux in river Yamuna.  

9.12 Storage of flood water 

The six probable locations that have been identified by I&FCD, Govt. of NCT Delhi in river 

Yamuna flood plains for recharge using flood water are concerned, prima facie, these 

sites may not be adequate to accommodate high flows during flood period. However, 

further study may be conducted by Govt. of NCT of Delhi for suggesting any further 

potential location for detention of flood waters in Delhi region. 

Regarding storage of floodwaters in the pits of Bhatti Mines and recharging the 

groundwater table in the area is concerned, there are several concerns which have to be 

carefully addressed. The foremost concern is the water quality entering into pits as the 

pits are located in highly fractured quartzite, and fractured aquifer is directly exposed in 

the pits. Polluted water need to be avoided for recharge purpose in the mines area. 

Desiltaiton is also required to be taken up before diverting the water into the recharge 

pits. Water quality monitoring stations need to be established for proper monitoring of 

ground water in the area. The silt and top soil layer which is already present in the pits 

need to be cleaned before implementing the recharge project in the area. The periodic 

removal of silt to be deposited in the mine pits also need to be taken up. Keeping in view 

the above concerns a separate studies may be undertaken by Govt. of Delhi  

The examples of underground reservoirs created for flood moderation purpose in Japan 

for flood water diversion facility may be technically feasible. However, considering the 

issues in context to Indian rivers like high magnitude of flooding, excessive silt load of 

rivers and huge financial investments, prime facie the same may not be techno-

economically viable in mitigation of high quantum of floods. 

9.13 The above recommendations may be read with detailed 
observations/Recommendations in each chapter of the Report. 

The details of above recommendations have been described in detail in the chapters of 

the report and while referring to above recommendations the details thereon may be read 

in respective chapters of the Report. 

**** 
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