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Abstract— We have seen 2005 and 2019 flood situation of 

Sangli city. Also we witnesses the damages during and after 

flood situation whether it be economical or physical .The 

purpose of this project is to protect the Sangli city from flood 

situation without any heavy losses. The project consists of 

four parts. The very first part is a zoning of Sangli city by 

using contour maps. This will helps to understand the 

different locations of Sangli city at the different water level. 

So that we can mark the highly flooded zones to aware the 

peoples. The second part is that working of Krishna Koyana 

water lift irrigation projects during flood condition to reduce 

the flood impact, also for utilization of flood water. The third 

part is Krishna-Manganga river link project for the same 

purpose like third part. The fourth part is Co-relation between 

Koyana and Almatti dam regarding discharged water to 

maintain the flood situation. Additionally, safety is very 

important to every individuals out there who are suffering 

from flood situation. So that we should aware about flood 

control mitigations. 
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I. INTRODUCTION 

Any flow which is relatively high and which overtops the 

natural or artificial banks in any reach of a river may be called 

a flood.” In rainy season, when heavy rainfall occurs in the 

catchment area, the flow of the river is increased and 

sometimes it exceeds the normal carrying capacity of the 

river. Then the surplus water overtops the banks of the river 

and submerges the surrounding areas consisting of villages, 

agricultural lands, etc. This phenomenon is known as flood. 

 Flooding may occur as an overflow of water from 

water bodies, such as river, lake, or ocean, in which the water 

overtops or breaks levees, resulting in some of that water 

escaping its usual boundaries, or it may occur due to an 

accumulation of rainwater on saturated ground in an aerial 

flood. While the size of a lake or other body of water will vary 

with seasonal changes in precipitation and snow melt, these 

changes in size are unlikely to be considered significant 

unless they flood property or drown animals  

 Water is one of the most important natural resources, 

the other being the air available freely everywhere and at each 

split of second. In a nutshell, the universal importance of 

water can be put as the biological, geo-chemical, 

meteorological component of the environment, indispensable 

for the origin, existence and perpetuation of the Mother Earth 

and the biota inhabiting it. Hence, there is an immense 

demand for this unique renewable single chemical 

compound. It is a boon that water constitutes more than three 

fourths of the area of the earth and hence, it is designated, 

appropriately, as ‘watery planet’ or ‘blue planet’. Of the total 

water resources of the earth, the un-utilizable component 

accounts for more than 99%, this includes 97.2% of oceanic 

waters, 2.15% of glaciers and icecaps and 0.3% of UN 

utilizable groundwater. In fact, comparatively, a trivial 

quantity of less than 0.4%, including 0.3% of usable 

groundwater and even less percentage surface waters, is 

available for direct consumption. Thus, the utilizable surface 

waters constitute a very meagre percentage in the total global 

water resources. Hence, proper planning is essential for 

judicious utilization of this precious commodity for striking 

an appropriate balance between demand and availability, and 

availability and utilization at the global, regional and local 

levels for the sustainability of their ecosystems. 

A. Sangli District: 

1) Geological Details: 

Sangli district is located in the western part of Maharashtra. 

It is bounded by Satara, Solapur districts to the north, Bijapur 

district to the east, Kolhapur and Belgaum districts to the 

south and Ratnagiri district to the west. 

 Sangli district is situated in the river basins of the 

Warna and Krishna river. The physical settings of Sangli 

district shows a contrast of immense dimensions and reveals 

a variety of landscapes influenced by relief, climate and 

vegetation. The climate ranges from the rainiest in the 

Chandoli (Shirala) region, which has an average annual all of 

over 4000 mm to the driest in Atpadi and Jath tehsils where 

the average annual rainfall is about 500 mm. The vegetal 

cover too varies from the typical monsoon forest in the 

western parts to scrub and poor grass in the eastern parts. 

B. Geographical details: 

 Location: North Latitude 16.4 to 17.1 and East Longitude 

73.43 to 75.00 

 Climate: Min. Temp = 14.0 C and Max Temp = 42.0 C 

 Rainfall: 400 to 450 mm (avg.) 

 Geological Area: 8601.5 Km2 

 Rivers: The main rivers of Sangli District are Krishna 

and Warana. The Krishna is one of the three largest 

sacred rivers of southern India. Approx. 105Kms of river 

course falls inside the district. 

Morana, Yerala, Manganga, Agrani, Nanni and Bor are 

small feeder rivers of Krishna. Warana is the largest 

tributary of the Krishna in the district. 

C. Agriculture Details: - 

 Major Crops: Bajari, Jowar, Wheat, Gram, Sugarcane, 

Groundnuts, Rice, Turmeric, Pomegranates, Soyabin, 

Grapes Etc. 

 Annual Crop: Sugarcane 

 Area under Cultivation: 1,20,302 Ha. 

 Irrigation: 

Major Project: 1 

Medium project: 5 

 Krishna Khore: There are 1 major, 5 medium, and 54 

minor projects, total 60 are progress by Krishna valley 

Development Corporation 
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II. LITERATURE REVIEW 

A. WRD (Mr. R. D. Mohite, C.E. W.R.) 

Shri. R. D. Mohite, Chief Engineer gave detailed presentation 

regarding flood Situation at Sangli and Kolhapur cities with 

graphical analysis of rainfall and runoff occurred in Krishna 

basin. He also explained overall efforts taken by his team to 

Mitigate severe flood experienced in early August 2019. For 

exercising effective flood control in Krishna and Bhima 

basins, flood control cells are created at Pune, Satara, Sangli, 

& Kolhapur districts under main control of CE (WRD) who 

is Basin Flood Control Officer. Shri. H. V. Gunale & Shri. S. 

D. Chopade, SE are working as sub basin flood control 

officers for Krishna & Bhima basin respectively. Krishna 

flows in Karnataka immediately After Sangli city, as such 

Krishna sub basin flood control officer is keeping overall 

liasion and share data regarding rainfall in upper reaches of 

Krishna, releases from various upstream dams, discharges 

and water levels in rivers, discharge at state boundary, 

outflow, levels etc. All levels and required data are shared 

with Karnataka & Maharashtra officers every day and for 

every 3 hrs during the flood situation. Accordingly, flood 

monitoring is done with coordination between both state 

government officers and also in coordination with concerned 

departments from time to time. For Maharashtra all these 

interstate activities are carried out by Shri. H.V.Gunale, S. E. 

Sangli. He is also working as Interstate Flood Control Officer 

for Krishna Sub Basin. Good coordination between both state 

governments is being taken at all levels viz SE, CE, 

Secretaries, Revenue officials. This year it was very much 

necessary. Even CM‟s of both states kept close contacts 

during severe flood events. 

B. CWC (Shri. Nitya Nand Rai, Director, CWC, New Delhi.) 

C.E. CWC Presented detailed study of back water of Almatti 

reservoir, which was undertaken by CWC during 2004 -05. 

He explained that CWC used surveyed cross sections and 

rating curve of Almatti reservoir. One dimensional 

mathematical model MIKE-11 and St. Venant‟s equation of 

conservation of mass & momentum were used. Various 

scenario concerning Almatti & Hippargi reservoirs were 

considered for study of back water effect and sub mergence 

in Maharashtra territory due to construction of Almatti & 

Hippargi reservoirs. Even with PMF of 31,000 Cum / sec & 

524.25m (future FRL) level at Almatti & 24,000 Cum/sec at 

Hippargi (worst scenario), CWC study indicated that the 

back-water effect reaches up to 221 Km from Almatti 

reservoir i.e. within Karnataka territory. In another scenario 

the back-water effect does not reach beyond 221 Km. 

C. IIT / WRD officer (Shri. H.T. Dhumal, S.E. WRD) 

Before starting his presentation, he pointed out that Mr. Rai, 

CWC has done backwater curve calculations considering 

channel from Sangli to Almatti dam site with constant inflow 

of 31000 Cumecs. He further suggested to do the same with 

Almatti dam as Inline structure/ storage area/ Reservoir. 

Hanumant Dhumal presented study entitled, “Hydraulic 

Reservoir of Krishna River and Almatti Reservoir to Heavy 

Rains during 25 July to 15 August 2019”. He has used HEC-

RAS (5.06) model. He has considered geometry of Krishna 

River from Karad in Maharashtra to Almatti in Karnataka. In 

Krishna he has considered three reaches Karad to Haripur 

(confluence of Warna), Haripur to Bubnal (confluence of 

Panchganga) and Bubnal to Almatti. He also added two 

tributaries Warna (from Mumbai Bengaluru Highway 

crossing to confluence) and Panchganga from Kolhapur to 

confluence. 

D. MRSAC (Dr. S. N. Das, Director, MRSAC, Nagpur) 

Mr. Das gave a presentation regarding the remote sensing 

data, available with them. They are having images of 

inundation maps on 19th August, 6:20 p.m. Also, of 12th, 

13th and 15th August with resolution of 0.5 m. Honorable 

chairman requested them to prepare overall report of as 

regards inundation effect. He was further requested by 

technical member (MWRRA) to prepare inundation maps for 

past years for Sangli, Kolhapur and Karad at different data 

showing levels of encroachments. This mapping may have to 

be co-related to actual ground conditions 

 

III. FLOOD CONTROL MITIGATION 

The remedial measures suggested are divided as Structural 

and non-structural flood mitigation measures. 

A. Structural Measures: 

1) Flood Storage 

Flood storage are the capacities reserved in the dams that can 

be used to temporarily store the flood waters. These flood 

storages can either be dedicated or dynamic (temporary). 

Storing the flood waters in such storages during the peak 

floods reduces the flood discharges on the downstream of the 

dams. Presently none of the reservoir in the Krishna basin in 
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Maharashtra has a provision for flood storage. Construction 

of flood storages may be thought of in Koyna and Warna 

valley, which are major contributors to the floods. 

 Alternatively revising the storage planning of the 

existing Koyna and Warna dams may also be thought of for 

making a provision of flood storage in the very existing dams. 

However, any such provision would reduce the beneficial 

water use from the dam to the extent of storage so provided 

for the floods. 

2) Flood Water Diversions: 

a) Permanent: 

There is Tribunal Constraints on utilization of available 

waters in Krishna basin in Maharashtra. Thus, there is 

limitation on harnessing of available waters through 

construction of additional dams having enhanced floods 

absorption capacities. A permanent infrastructure may be 

developed / constructed to divert part of the flood water 

received in large quantum into the river, to the adjacent valley 

or another tributary having less floods during the same 

periods. This can be done by constructing tunnels, open 

channels to connecting both rivers to pass the excess water 

may be done, if found feasible and for less quantum. This can 

avoid flooding if main river course, thereby reducing flood 

damage. 

 In Krishna sub-basin, such diversion of flood water 

can be planned by connecting tributaries of river 

Panchaganga to the main river, again from river Panchaganga 

to river Warna further towards North connecting rivers 

Krishna (upper reaches in satara district) , river Neera and 

even upto Ujani dam. All these tunnels can run by gravity. 

 While planning such projects, detailed feasibility 

study as well as legal provisions for diverting water to another 

basin can be taken into consideration. 

b) Temporary:  

For temporary diversion of the floods to lessen the impact and 

damage that may occur due to heavy floods, no. of small 

ponds may be created in low lying areas adjacent to the 

natural drains like tributaries or nallas. When the existing 

natural drainage system (primary or secondary level) is 

unable to accommodate the floods, the excess water can be 

temporarily diverted into many such small ponds (existing of 

newly planned). When the flood in the tertiary level drains 

(main river courses) starts receding. This temporary stored 

water can be diverted back into the nallas to pass it further 

into main course of the river. This system, when developed 

can reduce the flood hazards and inundation areas and is well 

known as the concept of “SPONG CITIES”. During this 

process, part of flood water is also conserved as ground water 

storage. Many such small ponds are existing in Sangli, 

Kolhapur and Pune cities which need rejuvenation. 

c) Straightening of Meanders: 

The area through which Krishna passes near the interstate 

border between Maharashtra and Karnataka is very flat. In 

this area, there are a number of meanders to the main course 

of the river. Straightening the meanders in river course for 

increasing river flow velocity and faster evacuation of floods 

has been attempted at a few places in the world. Before 

planning of such measures, physical model study is 

recommended. 

d) Restoration of Natural drainage Channels: 

It was observed during the site visit that natural drainage 

channels have been encroached upon and blocked or diverted 

in cities towns and villages alike. Even in the rural areas 

natural drainage has been tempered with by agricultural 

activities. Because of blockage of natural drainages, it has 

been observed that it takes long time, after the floods recede, 

for the flood waters on the river banks to drain back into main 

river channel. This in turn increases the time for which the 

habitations affected by the flood remain submerged. It is 

therefore imperative that all the encroachments in the natural 

drainage channels are removed to restore the efficiency of 

natural drainage system (primary and secondary level). 

e) Raising the River banks: 

 

Low river banks need to be raised to help confine the flood 

discharge within the river cross section, thereby avoiding the 

flood water spilling out of banks and inundating over large 

areas. A proper hydraulic studies and design of the cross 

section can be done while planning such measures. 

B. Non-Structural Measures 

1) Integrated ROS 

The reservoir in basin should be operated in an integrated 

manner to ensure that the flood discharges at vulnerable 

locations are minimized. This will however be possible only 

if the Chief Engineer in charge is granted liberty to be flexible 

with the reservoir operation. Integrated operation of various 

reservoir viz. Koyna, Warna and other reservoirs in 

Panchaganga valley need to be done for proper control on 

flood moderation activities. 

 The releases of Koyna are very crucial in integrated 

flood routing. 

 A synchronized operation of the reservoir is also 

needed, when there are synchronized floods in adjacent sub-

basins over larger spatial areas. 

2) Revising ROS 

Though dams in Krishna valley do not have any capacity to 

absorb floods, flood mitigation to a very limited extent can be 

achieved by bringing the reservoir operation schedules in line 

with present precipitation trends. The impoundment of water 

in reservoirs may be delayed to the maximum extent possible, 

without compromising the success rate of meeting the 

demands of users, having regard to the rainfall trends in the 

last 10 years. 

 Reservoir operation schedule should provide liberty 

to the Chief Engineer in charge to raise the storage level in 

the dam even up to the maximum water level in the event of 

extreme floods, in order to withhold and delay the discharge 

of flood waters from the dam. 

3) Advanced warning mechanism & Flood zoning 

Mechanism to issue advance warning be developed and 

installed at proper locations. The people living in flood prone 

areas can get timely warning regarding flood situations, 

sufficiently well in advance to save their lives and the loss of 

the properties. Water resources department should frame a 

protocol for disseminating the forecast of flood to appropriate 

authorities for taking advance action. 
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4) Technology updation, Institutional Arrangements and 

Policy measures 

All the latest and advance technologies available can be 

deployed, right from weather forecasting (NOWCAST for 

precision forecast), real time data acquisition systems, Real 

time flood forecast and decision support systems, 

vulnerability maps by remote sensing surveys, advanced 

early warning systems, well-equipped disaster management 

units ready with evacuation plans, trainings and mock drills 

for volunteers, government staff as well as for the public. 

IV. INNOVATIVE APPROACHES FOR PREVENTION AND 

MANAGEMENT OF FLOOD 

A. CONTENTS: 

1) U-shaped wall risers 

 
 Can rise automatically 

 Rises according to level of water 

 Easy construction 

 Comes back to original state after fall in  

 water level 

2) Flip-up barriers 

 
 Fully hidden when not in use 

 Can be used as normal streets 

 Avoid restrictions 

 Do not require deep excavations 

 Also resistant to vandalism 

3) Tube barriers 

 Easy to set up as well as the stow is quick 

 Can be rolled out when flooding is imminent 

 Creates an effective and flexible dam 

 Easy transportation 

4) Flood barriers 

 
 Can be designed and manufactured to any length 

 Application to wide range of flood risks 

 Demountable 

 Simple but effective 

 Less movable parts 

5) Underground water storages 

 
 Gives relief from flood risks 

 Water can be stored at high amount 

 It can be reused for many other purposes 

6) RAFT FROM BARRELS 

 
 Barrels are easily available 

 Technique to construct raft is very easy 

 Material required: Barrel, Rope, Bamboo 

 Raft of 6 barrels can carry 20-25 people at a time 

 Animals can also be carried 
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V. RESULT AND ANALYSIS 

A. ZONING  

 
1) Flood lines mapping: 

As per the standard procedure of the WRD, the flood lines 

can be finalized and approved by competent authorities for 

the entire lengths of the main river courses for the guidance 

of city developments. These lines can be marked / 

superimposed on the city development plans and be kept 

accessible in public domain by the civic authorities. These 

lines can also be marked on ground, on permanent structures 

like bridges, old temples etc. so as to make public aware of 

the actual flood’s situation and its further hazard potential. 

For every river course, three such lines can be finalized. The 

Blue line, red line and the yellow line. 

1) Blue line: normally, it’s the line showing inundation 

level for 25 years flood. The area between the main 

river course and the blue line is called “Prohibited 

zone”, where all kinds of constructions, obstacles 

are strictly prohibited. 

2) Red line: normally, it’s the line showing inundation 

level for 100 years flood. The area between blue line 

and the red line is called as “Restricted zone”, where 

part constructions are allowed with certain 

restrictions. 

3) Yellow Line: This new concept is being introduced. 

At many places, it has been observed that the 

actually observed highest flood level, may be due to 

any back water effect, in a particular city is much 

above the red line, finalized by WRD. These lines 

can also be marked on city development plans as 

well as on the ground to make public aware of the 

possible risks while developing or investing in that 

zone. The area between red line and the Yellow line 

can be called as “Alert Zone”. However, no any kind 

of restrictions can be imposed within this Alert zone. 

Alert zone will be in existence when the yellow line 

is above the red line. However, all three lines must 

be marked and updated from time to time.     

2) KOYNA and ALMATTI Correlation: 

Sangli was flooded during this period and max. level reached 

at Irwin Bridge was 57‟5”, which was 12.5 feet more than 

danger level and 3.5 feet more than that of 2005 level. Max. 

discharge at Irwin Bridge on 09/08/2015 was 2.23 lakh 

cusecs, out of which 1.40 lakhs cusecs was from dam 

catchment and 83,000 cusecs from free catchment. 

 Koyna Dam is situated in Sahyadri Range and its 

capacity is 105.25 TMC. As per KWDT award, 67.5 TMC is 

to be used for power generation, through westward diversion 

and rest to be used for irrigation on eastward side. It is 

expected to be at FRL by 15th October.in 2019 year, when 

heavy rainfall started on 25-26 July, storage in dam was 54 

TMC, well below crest level of dam (crest level storage 73.18 

TMC). Storage in the dam reached at crest level on 31st July 

and reached ROS level on 2nd to 3rd August. Releases for 

dam started immediately from 1st August initially through 

power house and then through spillway, as inflow in the dam 

increased. During this period, maximum outflow of 1.24 lakh 

cusecs was released on 7th August. Max inflow in the dam 

was 1.83 lakh cusecs on 5 to 6th August. Though inflow in 

the dam was much higher, to mitigate the flood it was decided 

to encroach guide curves and to keep out flow at minimum 

level of 1.23 lakh cusecs. Max difference in outflow and 

inflow was about 60,000 cusecs. Total inflow in dam during 

this period was 113.86 TMC while total `outflow was 64.31 

TMC. Thus, flood of 49.55 TMC was mitigated in the dam. 

Due to encroachment in ROS, water level in dam was raised 

above ROS, due to which 13 TMC flood could be mitigated, 

when there was severe flood situation in Sangli. 

 Almatti Dam in Karnataka is 235 km away from 

state boundary. Its FRL storage at 519.60m is 123 TMC & 

FRL storage (future) at 524.25m is 300 TMC. Presently 

Karnataka is entitled to keep FRL up to 519.60 m.in 2019-

year water level at Almatti reservoir by the end of July was 

just below FRL level rather precisely 519.34m. After heavy 

rains started on upstream reaches, they started to deplete the 

level nearing to 517m as requested by Maharashtra. They 

started releasing around 1 lakh cusecs from 30th July and 

reached 3 lakh cusecs by 5th August bringing level to 518 m 

or so. Further due to heavy outflow coming from free 

catchment including Ghatprabha catchment, they released 

maximum discharge from 4 lakh to 5.7 lakh cusecs in 8 days 

which caused severe flood condition in 4 districts of 

Karnataka as well. Early releases of 3 to 4 lakh cusecs could 

have dampened impact of flood in both states 

 In 2005 height of Almatti raised from 509.6m (from 

MSL) to 519.6m due to which Sangli city got flooded up to 

4.33m .In 2019 Almatti dam height raised to 524. 25m.But as 

the MSL height of Sangli is 527m, hence there will not be any 

problem form Almatti dam until water is static and stable. but 

situation changes completely in rainy season when water in 

unstable and mobile. Due large height Almatti creates large 

backwater and due to less storage as reason of silting there 

are more chances that such flooding can occur in future years. 

B. KRISHNA -MANGANGA Link Project: 

This proposed project can be used as one of the flood 

mitigation measures by diverting 4 TMC of water from Dhom 

dam by 117 km main tunnel through Jabhulani canal will go 

to Ghanand lake. Further diverted to canals of Tembhu LIS 

project and then it will goes to manganga river near Atapadi. 

By connecting sub tunnel of 76 km to main tunnel and near 

Daruj-wakeshwar by constructing 15km tunnel water will 

divert to Pingali River which meats manganga river at 

Gondawale – budruk (Man). Further through Rajewadi lake 
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all diverted water will go to Solapur district from North side 

of Atapadi taluka. By constructing 100m sub tunnel to Main 

tunnel of Dhom to Jabhulani water will divert to Yeralwadi 

lake (Khatav taluka). Which will meet further to Yerala river. 

During this process, all lakes and streams will get benefits. 

Also, by constructing tunnel of 5km at Nel-Karangi Agrani 

will be watered. 

C. Discharge through All Schemes: 

There are various major projects run on Krishna River like 

Tembhu LIS project, Krishna -koyna LIS project (Mhaisal 

and Takari LIS project). Water from tembhu and takari 

scheme irrigate area about 107902ha and mhaisal scheme is 

widely spread across Sangli, Solapur district. water lifted 

through these all schemes irrigate many talukas of sangli, 

satara, Solapur districts. if these schemes used for water 

divergence during flood it will help to mitigate water level in 

river in sangli region little bit. Also, if water lifted from 

kanher dam through arfal canal constantly and diverted to 

drought prone areas like atapadi, sangola etc., it will be 

beneficial. Flood can be mitigated by diverting water from 

this scheme. This will be one of the measures to manage the 

flood in Sangli city. 

VI. CONCLUSION 

Flood is a state of high-water level along a river channel or 

on the coast that leads to inundation of land, which is not 

usually submerged. 

 Our schemes of Krishna-Manganga, Takari-

Mhaisal, Tembhu gives an effective impact on management 

of Sangli flood. If these schemes started with full capacity, 

then it will get definitely good results in management of 

flood. 

 Every year in July-August, there is chance of flood, 

so awareness within people living river side is also necessary. 

Government also has to look for safety of people by 

managing such floods in future. For that condition our project 

is a best solution. 
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