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Abstract— Floods are common natural disaster occurring in 

most parts of the world. This results in damage to human 

life and deterioration of environment. In many parts of the 

Indian subcontinent, flooding reaches catastrophic 

proportions during monsoon season. For centuries, floods in 

the Ganga, the Brahmaputra, the Tapi basin and the 

Godavari basins have brought number of disasters to the 

inhabitants in the flood plains apart from inundating large 

tracts of fertile land. Surat city is one of the major important 

cities of Gujarat which is settle on Tapi river. It is observed 

that surat is highly developed city with full of various 

activities going on day and night. Any natural calamity 

which causes loss of lives to property & infrastructure and 

serious impact on economy of the state. So it becomes 

highly necessary that past flood events must be studied and 

analyzed properly in order to propose new flood control 

systems as well as the storage reallocation and reservoir 

reoperation of existing ones. In present study “Simulation of 

the reservoir operation using daily available historical 

inflow” has been carried out and proposed the revised 

reservoir operation policy for ukai dam. 
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I. INTRODUCTION 

Floods are recurrent phenomena in India from time 

immemorial. Every year some or the other parts of the 

country are affected by floods of varying magnitude. 

Different regions of the country have different climates and 

rainfall patterns and as such it is also experienced that when 

part of the country is experiencing devastating floods, there 

is another part of the country at the same time which is in 

grips of severe drought. Out of the total rainfall of India, 

about 75% of it is received during the four moths (June to 

September) due to the South-West monsoon which is non-

uniformly distributed in space as well. India is traversed by 

a large number of river systems. 

However, the heavy and intense rainfall is not the 

only factor contributing to floods. The other causes of flood 

are inadequate capacity within riverbanks to contain high 

flows and silting of riverbeds, landslides leading to 

obstruction of flow and change in the river course, 

retardation of flow due to tidal and backwater effects, poor 

natural drainage, cyclones, snowmelt and glacial outbursts, 

and dam break flow. With the flood plains which has 

resulted in more serious nature of damage over the year. 

The National Flood commission (1980) has 

reported that out of 40 million hectors (ha.) flood prone 

area, about 15.8 million ha. Areas have been provided with 

reasonable degree of protection so far. In India, about 40 

million ha of land is flood prone, which is about 12% of the 

total geographical area (328 million ha) of the country the 

flooding occurs typically during the monsoon season (July-

Sept.), caused by the formation of heavy tropical storms, 

ever decreasing channel capacity due to encroachments on 

river beds, and sometime due to tidal back water effects 

from the sea, The Indian sub-continent in general, and the 

western peninsula in particular, experienced heavy floods 

during 8th to 11th August 2006 that cause great damage to 

personal and property. 

As mentioned earlier Surat has been blessed by the 

flow of Tapi however, it has also suffered a lot because of 

floods in Tapi since historic time. Table.1 shows several 

flood event which has done great damage to surat city. The 

most unforgettable and severe flood event was the flood of 

the year 2006. 

Year Date/Month 
Maximum Water Level 

in Ft. 

Maximum Flood Release in 

Lakh Cusecs 

1975 28-Sep 345.10 2.99 

1981 4-Oct 345.24 0.51 

1989 8-Sep 345.93 0.44 

1994 23-Sept. 345.24 5.08 

1998 17-Sept. 346.00 7.00 

2006 9-Aug. 346.07 9.10 

Table 1: Detail of Major Flood Received in Tapi 

This flood event of 2006 signified concern on flood 

protection and control as such frequent event causes 

extensive damage to public property, agriculture, 

infrastructure, industries, wages etc. along with loss to 

private properties and business establishments in general. 

Keep in view that, it is necessary to suggest revised Ukai 

dam reservoir operation for flood protection & control. 

II. STUDY AREA 

A. Ukai Dam 

Ukai Dam (Tapi River valley 2ndStage) is the largest 

multipurpose project, next to Narmada Project, undertaken 

by Government of Gujarat. It was completed in 1973. The 

Dam is located at village Ukai, Taluka Songadh of District 

Surat at distance of about 90 Km. from Surat city. It serves 

multiple purposes like Irrigation, Power generation, Water 

supply to industries and households, fisheries etc. It is major 

flood control point coming on Surat city. Ukai is designed to 

cope with projected floods of 49470 m3/s (17.47 lac cusecs) 

and probable maximum flood of 59880 m3/s (21.16 lac 

cusecs). The provided spillway has a capacity of 16.34 lac 

cusecs. The Ukai Multipurpose project forms the terminal 

reservoir on the Tapi River harnessing nearly half of the 

river flow for benefits of irrigation, hydropower generation 

and other facilities. 

B. Tapi River 

River Tapi is the 2nd largest west flowing river of Gujarat 

State, Central India. It originates from Mulati of Betul 

District of Madhya Pradesh; which is located 323 Km. from 

Maharashtra and 189 Km. from Gujarat. Tapi is known for 

occurrence of large floods due to influence of depressions 

originating from bay of Bengal traveling East to West 
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causing rainfall, first in the upper catchment and then in 

lower catchment resulting of flood along its course. 

III. DATA COLLECTION 

Data has been collected to fulfill the objectives of the study. 

In this chapter collection of data from various agencies, 

offices are complied and enlisted. The large data scrutinize 

for different analysis in this research study. Among some of 

the data like Ukai Dam technical features, irrigation 

demand, hydropower generation, inflow, outflow, daily 

reservoir water level, existing gate operation policy rule 

levels, historical flood data are used for modification of rule 

level for Ukai reservoir. Tapi river cross section data are 

used for determination of flood carrying capacity in Surat 

City. 

IV. METHODOLOGY 

A. Simulation 

A simulation model is usually characterized as a 
representation of a physical system used to predict the 
response of the system under a given set of conditions. A 
multiple reservoir system is such a physical system, which 
can be analyzed by simulation models. Simulation models 
may not be able to generate an 'optimal' solution to a reservoir 
problem directly. However, with numerous simulations using 
alternative decision policies, these models can detect an 
'optimal' solution or a near-optimal solution. 
 Typical simulation models associated with reservoir 
operation include a mass-balance computation of reservoir 
inflows, outflows and changes in storage. They may also 
include economic evaluation of flood damages, hydroelectric 
power benefits, irrigation benefits and other similar 
characteristics. Simulation models often use historical data. 
 In the present study reservoir simulation model is 
developed to simulate reservoir operation for 24 years (1990-
2013) using daily available historical inflows.Day‟s end 
storage and canal releases are obtained from simulation. 
Day‟s end storage overlaid over a simulation period. 
Ultimately calculation of rule level for revised Ukai reservoir 
operation. 

B. Constraints for Simulation 

The reservoir operation program is simulated based on the 

following constraints. 

1) Storage Constraint  

The reservoir storage in any day should not be more than the 

capacity of the reservoir and should not be less than the dead 

storage. The constraint is: 

Smin ≤ St ≤ Smax   t = 1, 2, 3 …30 

St = Initial storage during the day „t‟. 

Smin = Minimum storage capacity of the reservoir in MCM 

Smax = Maximum capacity of the reservoir in MCM. 

2) Overflow Constraint 

When the final storage exceeds the maximum capacity of 

the reservoir, the constraint is given by: 

   Ot = St+1 – Smax and   t = 1, 2, 3,..30 

   Ot ≥ 0 

Ot = Surplus from the reservoir during time period t 

St+1 = Final storage in the day t in MCM 

3) Releases Constraint 

Total release during any day should not exceed the 

demand(Irrigation, Industrial, Domestic) and the constraint 

is given by: 

    Rt ≤ Dt         t = 1, 2, 3 …30 

Rt = Releases for various demand during time period t 

Dt = Demands for the day t in MCM 

4) Mass balance constraint 

The relationship between the day to day storage is given by 

the continuity eq.stated by: 

St+1 = St + It -Dt - Rt - Et - Ot  t = 1,2,3,..30 

It = Daily inflow during time period t in MCM 

Et = Evaporation loss in the reservoir during time period      

t in MCM 

Rt = Releases for the demand in the river downstream 

during time period t in MCM 

Ot = Surplus from the reservoir if any during time period t 

in MCM 

St+1 = Final storage in the day t in MCM 

St = Storage in the reservoir at the beginning of time period 

t. 

Dt = Demand of water to be satisfied during time period t. 

V. RESULT AND ANALYSIS  

A. Example Calculation: 

Table 2 shows basic calculation for June-1990. 

 Initial Storage in starting of day  

 = 1142 Mm3 + Inflow 41.07 Mm3 

= 1183.07 Mm3 total storage. 

 Computed release through hydro 

(1) If Actual hydro > D/S Irrigation+ Domestic+ 

Industrial 

= Actual Hydro 

(2) D/S Irrigation+ Domestic+ Industrial > Actual 

hydro 

= D/S Irrigation+ Domestic + Industrial 

 Demand deduction = ULBC Requirement 1.97 

Mm3 +  Computed release through hydro 20.97 

Mm3 

= 22.94 Mm3 

 Final storage at month end 

= Total storage – Release 

= 1183.07 Mm3 –20.97Mm3 

= 1160.12Mm3 
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Table 2: Basic Calculation 

 

B. Calculation for mean daily inflow: 

Here the time period is taken as day. Reservoir simulation is 

carried out for 24 year. Revised rule level is calculated from 

24 years historical flood data. Results of analysis for revised 

reservoir operation in terms of rule level shown in Fig 1 to 

Fig 4. 

 
Fig. 1: Reservoir Elevation Vs Reservoir capacity 
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Fig. 2: Reservoir Elevation Vs Area (km2) 

 
Fig. 3: Inflow v/s Time 

 
Fig. 4: Revised Rule Levels for Ukai Dam Reservoir 

C. Result: 

Simulation of the reservoir operation based on 24 years 

daily available historical inflow reveals the results of 

analysis from revised reservoir operation as shown in below 

table. Table 3 shows that after satisfying all demands 

(Irrigation, Industrial, Domestic,ULBMC) the proposed rule 

level absorbed 2138.17 Mm3 flood volume and minimize 

the losses due to flood near surat city. 

Fig.5 and Fig.6 indicates the actual discharge and 

computed discharge for flood event August-2006 and 

September-2013. 

 
Table 3: Suggested rule level 

 
Fig. 5: Actual Discharge Vs Computed Discharge       (Aug-

2006) 

 
Fig. 6: Actual Discharge Vs Computed Discharge       (Sept-

2013) 

VI. CONCLUSION 

Ukai dam on Tapi river is designed for the FRL situation. 

The PMF with a peak value of 21.16 lac cusecs (46,270 

cumec) from the dam spillway, and maximum water level of 

351.0 ft (106.99 m) in the reservoir.The capacity of Tapi 

river along downstream side of ukai dam near the surat city 

is inadequate to safely carry the flood of such high order. 

Therefore the effort is to restrict the downstream flood to 

around 7 lac cusecs (19,822 cumec). 

As the safety of dam is a prime importance, the 

reservoir level under no circumstances shall be allowed to 

go above the MWL of 351.00 ft. In the present study 

simulation of the reservoir operation is carried out for 

proposing the new rule level for ukai reservoir operation to 

minimize the effect of flood on the downstream side of  the 

ukai dam. It is clearly observed that 2138 Mm3 volume of 
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flood water must be absorbed with the use of proposed rule 

level. 
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