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Abstract 

This paper describes the application of Hydro metrological approach method 

for developing a synthetic unit hydrograph (SUH) at Kakkadavu Dam Site. In 

addition to developing the synthetic unit hydrograph, a 1-day probable 

maximum flood (PMF) hydrograph, by convolution and two Bells system 

approach at Kakkadavu dam site have also been developed. The peak of the 

probable maximum flood hydrograph by using convolution method and two 

Bells approach was found to be 2570 m³/s and 3142 m³/s respectively.  

 

Keywords- Synthetic unit hydrograph (SUH) probable maximum flood 

(PMF), Kakkadavu,  

 

I. INTRODUCTION 

The develop unit hydrographs to a catchment, detailed information about the rainfall 

and the resulting flood hydrograph are needed. However, such information would be 

available only at a few locations and in a majority of catchments, especially those 

which are remote locations; the data would normally be very scanty. In order to 

construct unit hydrographs for such areas, empirical equations of regional validity 

which relate the salient hydrograph characteristics to the basin characteristics are 

available. Unit hydrographs delivered from such relationships are known as synthetic 

unit hydrographs. In many parts of the world, rainfall and runoff data are seldom 

adequate to determine a unit hydrograph of a basin or watershed. This situation is 

common in India due to the lack of gauging stations along most of the rivers and 

streams. Generally basic stream flow and rain are not available for planning and 

designing water management facilities and other hydraulic structures in undeveloped 
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watershed. However techniques have been evolved that allow generation of synthetic 

unit hydrograph. This includes Snyder’s method, soil conservation service method, 

Gray’s method and Clark’s Instantaneous unit hydrograph (IUH) method. The peak 

discharges of stream flow from rainfall can be obtained from the design storm by the 

hydrographs developed from the unit hydro graphs generated from the established 

methods. Warren et al (1972) described hydrograph as a continuous graph showing 

the properties of stream flow with respect to time, normally obtained by means of a 

continuous strip recorder that indicates stages versus time and it is then transformed to 

a discharge hydrograph by application of a rating curve. Wilson (1990) observed that 

with an adjustment and well measured rating curve the daily gauge readings may be 

converted directly to runoff volume. He also emphasized that catchment properties 

influence runoff and each may be present to a large or small degree. The catchment 

properties include area, slope, orientation, shape, altitude and also stream pattern in 

the basin. The unit hydrograph of a drainage basin, according to Varshney (1986) is 

defined as the hydrograph of direct runoff resulting from one unit of effective rainfall 

of a specified duration, generated uniformly over the basin area at a uniform rate. 

Arora (2004) defined 1-hr unit hydrograph as the hydrograph which gives 1 cm depth 

of direct runoff when storm of1-hr duration occurs uniformly over the catchment. 

A vast amount of literature exists treating the various unit hydrograph methods and 

their development Jones (2006) reported that Sherman in 1932 was the first to explain 

the procedure for development of the unit hydrograph method should be used for 

watersheds of 5000 km2 or less. Chow et al (1988) discussed the derivation of unit 

hydrograph and its linear systems theory. Furthermore Viessman et al (1989), 

Wanielista (1990), Arora (2004) and Husain. A (2015) presented the history and 

procedures for several unit hydrograph methods. Ramirez (2000) reported that the 

synthetic unit hydrograph of Snyder in 1938 was based on th e study of 20 watersheds 

located in the Appalachian Highlands and varying in size from 10 to 10,000 square 

miles (25 to 250000.0km2). Ramirez (2000) reported that the dimensionless unit 

hydrograph was developed by the Soil Conservation Service and obtained from the 

UH’s for a great number of watersheds of different sizes and for many different 

locations. It was also stated by Ramirez (2000) that the SCS dimensionless 

hydrograph is a synthetic UH in which the discharge is expressed as a ratio of 

discharge, Q, to peak discharge, Qp and the time by the ratio of time, t, to time to 

peak of the UH, tp. Wilson (1990) also reported that in 1938, Mc Carthy proposed a 

method of hydrograph synthesis but in that same year Snyder proposed a better 

known method by analyzing a larger number of basins in the Appalachian mountain 

region of the United States. Ogunlela and Kasali (2002) applied four methods of unit 

hydrographs generation to develop unit hydrograph for an ungauged watershed. 

Because synthetic metods do not rely on observed runoff data, they can be applied to 

ungauged watersheds. Salami, (2009). evaluation of Methods of Storm Hydrograph 

Development. Snyder (1938) proposed the first unit hydrographs, based on a study of 

watersheds located in the Appalachian Mountains. In his approach, the time to peak is 

estimated from watershed length, the distance from the outlet to the watershed 

centroid and regional coefficient whereas the predicted peak flow rate is calculated 

using the watershed area, the time to peak, and a storage coefficient. In order to sketch 
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the hydrograph shape, the width of hydrograph is estimated at 50% (W50) and 75% 

(W75) of the peak discharge. The widths are generally distributed such that one –third 

is paced before the peak and two- thirds are placed after the peak. In the USA, studies 

relating to landform and hydrograph parameters were made on small ephemeral 

watersheds in the west and Midwest by Hickok et al. (1959) and Gray (1961) and on 

large ephemeral and perennial basin in the west and northwest by Headman (1970). 

Muuphey et al.(1977) developed relationships for hydrograph rise time duration, 

mean peak discharge, volume, peak-volume ratio etc.  The outcome of the study 

revealed that both Snyder and SCS methods were not significantly different from each 

other. Salami (2009) evaluated three methods of storm hydrograph development for 

the catchment of lower Niger River basin at downstream of Jebba Dam. The methods 

considered are Snyder, SCS (2002) and Gray (1961) methods, the statistical analysis, 

conducted at the 5% level of significance indicate significant differences in the 

methods except for Snyder and SCS methods which have relatively close values. This 

study also applied Snyder, SCS and Gray methods to develop unit hydrographs and 

subsequently used to generate peak storm hydrographs of rainfall depth of various 

return intervals through convolution. The peak flows obtained can be used for the 

design of hydraulic structures within the River Catchment. 

 

The major objectives of the present study are as follows. 

 To develop a synthetic hydrograph for Kol Dam site 

 To develop a 2-day probable maximum flood hydrograph at Kol dam site 

 To develop a 2-day standard project flood hydrograph at Kol dam site 

 

II. STUDY AREA 

The present study focuses on Kakkadavu dam project in Kerala. The irrigation 

Department, Government of Kerala had proposed to construct a dam of 56 m height at 

Kakkadavu across Kariangode River to provide irrigation to 12196 Hectare lying b/w 

Kapum and Neeleswer River and 1770 hectare in Hosdrug Taluk lying on the 

Neeleswer basin. The dam will also provide water supply to Chennai and adjoining 

villages in Kariangode, Kannur district and also to naval academy, Government of 

India. 

But due to steep resistance from project affected people the dam height was reduced 

to 35m above the bed level with crest gate installed. The storage created by the dam is 

sufficient to cater the demand for water supply to Chennai and adjoining Panchayats 

and Naval Academy. The requirement of water for water supply is estimated by KWA 

as 260 MLD for 2050 AD, out of which 20 MLD water is estimated requirement 

Naval Academy.  
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Kariangode Basin 

Kariangode River is one of the major rivers in Malaabar region of kerala state. The 

Kariangode River has its origin in the pandnkkad ghat reserve forest lying in the 

coorg district in the Karnataka state. It flows through steep slope of the western ghat 

and at eight kilometres, two streams Mandrethole and paderamanhole join the main 

river at puligome village and another stream joins the river at elevation 248 m. The 

average width of river at this place is 14 m .Many small rivers joinat various places 

and river finally join the Arabian Sea. The basin area of the river lies between north 

latitude 120 14’ to 12 0 25’and east longitudes 750 7’to 750 32’.The total catchment 

area of the river is 561 sq.km out of which 429 sq. Km lies in the Kerala state and 

balance 132 sq.km lies in Karnataka state. The total length of the river is 64.36 Km 

and bed of the river has a normal slope of 1.8 Km 

The dam site is located at Kakkadavu, in cheemni village in Hosdurg taluka in 

Kasargode district. The location of the dam is 25.75 km upstream of the sea coast and 

24 km east of payyanaur town by road .The area of the river basin up to dam sites lies 

between both latitude, 12014’ to 12025’east longitudes 750 17’  to 760 33’.The 

catchment area up to dam site is 276.5 sq.km. 

 

 

Figure 1. Location of Kakka davu on the Kariangode River River basin 

 

III. METHODOLOGY 

The absence of concurrent rainfall intensity data and hourly flow records require that 

the unit hydrograph be developed by some means other than the adjustment of an 

observed hydrograph. Synthetic unit hydrograph are also derived based on 

hydrometer logical approach method. Snyder (1938) method was used to determine 

the peak discharge, lag time and the time to peak by using characteristic features of 



Development of Synthetic Unit Hydrograph at Kakkadavu Dam  117 

the watershed. Ramirez (2000) reported that the hydrograph characteristics are the 

effective rainfall duration. tr, the peak direct runoff rate Qp, and the basin lag time tp,  

 

HYDROMETEROLOGICAL APPROACH 

This approach is practiced by all engineers in the estimation of design flood of a 

specific return period for fixing the water way vis a vis the design highest flood level 

(HFL) and foundation depth of bridge, culverts and cross drainage structures 

depending on their life and importance to ensure safety as well as economy. 

This is accomplished by estimation of design storm along with time distribution over 

the project catchments and derivation of unit hydrograph. The design storm are 

worked out by frequency concept as well as standard project storm(SPS) or probable 

maximum storm concept involving detail analysis of historic storm events in and 

around the project catchment with due consideration to the storm transposition and 

moisture maximization. 

The following physiographic parameters are involved to determine the unit 

hydrograph. 

Physiographic parameters    

Location of catchment area to be identified form survey of India topo sheet and 

measure the catchment areas (A). 

Measure the length of the longest stream in km(L) 

Length of the stream from a point opposite to C.G. of catchment to point of study in 

km (Ls). 

Compute equivalent slope in m/km (Seq). 

tr =  Duration of the unit rainfall excess (hour) 

Tm = Time from the start of rise to the peak of the U.G 

 tp = Time from the centre of effective rainfall duration to the    U.G.peak(hr) 

W50 = Width of the U.G. measured at the 50% of peak discharge ordinate (hr) 

W75 = Width of the U.G. measured at the 75% of peak discharge ordinate (hr) 

WR50 = Width of the rising limb of U.G. measured at the 50% of peak discharge 

ordinate (hr) 

WR75 = Width of the rising limb of U.G. measured at the 75% of peak discharge 

ordinate (hr) 

TB = time base of unit hydrograph (hour) 

𝑄𝑝 = peak discharge (m³/sec) 

A = effective catchment area (km2) 
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L = length of longest stream course (km) 

Li = L1, L2, L3, L4 ---------------- Ln = segment length (km) 

Di = difference of contour elevation (m) 

S = Equivalent stream slope (m/km) 

Lc = length of longest stream course from a point opposite the C.G of the catchment 

to the point of study.(km) 

 

In the present the details of storm are not available of estimating PMP. The day PMP 

value adopted as design storm is based on the PMP value at the catchment location 

given in the Atlas prepared by IMD, IITM & CWC prepared by (WAPCOS). One day 

point rainfall values are as under: 

One day point rainfall from IMD atlas = 600 mm 

One day point rainfall from IITM atlas = 600mm 

One day point rainfall from CWC atlas = 580mm 

 

One day point rainfall value of 600mm has been adopted as design storm 24 hrs 

annual PMP value has been worked out as 600.3 mm, considering clock hrs correction 

as 15% and areal reduction factor as 0.87 as per CWC regional report (sub zone 5a 

and 5b). 

The values of L, Lc and S corresponding to the effective catchment are worked out as 

L = 37.75km 

Lc = 16.15 km 

S = 9.97 m/km 

 

Computation of Synthetic Unit Hydrograph 

Slope (S)   = {summation of Li (Di-1 + Di)}/L2 
{SummationofLi(Di-1+Di)}

LxL
 

                  = 12214/352 

                  = 9.97 m/km 

  qp        =  0.9178(L/S)-0.4313 

                  = .9178(35/9.97)-0.4313 

                  = 0.534 cumec /sq. km 

   𝑄𝑝       = qp x A 

                 = 0.534 x 272.5 
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                = 145.5 cumec 

           tp   = 1.5607(qp)-1.0814 

                = 1.5607(.534)-1.0814 

                 = 3.10 Hr 

          W50 = 1.925(qp)-1.0896 

                 = 1.925(.534) -1.0896 

                  = 3.82 Hr 

           W75 = 1.0189(qp)-1.0443 

                  = 1.0189(.534)-1.0443 

                  = 1.96 Hr 

         WR50 = 0.5788(qp)-1.1072 

                  = 0.5788(.534)-1.1072 

                  = 1.16 Hr 

           WR75 = 0.3469(qp)-1.0538 

                     = 0.3469(.534)-1.0538 

                     = 0.675 Hr 

               TB   = 7.380(tp) 0.7343 

                       = 7.380(3.1)0.7343 

                        = 16.94 Hr     Say 17 Hr 

                Tm   = tp + tr/2 

                       = 3.1 + ½ 

                       =3.6 Hr    Say=4.0 Hr 

 

Based on the above parameters, a 1 - hour SUH has been developed after adjusting the 

volume to 1 cm and is shown in Figure 2. The ordinates of the synthetic unit 

hydrograph are provided in Table 1. 
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Figure 2. 1-hour synthetic unit hydrograph at kakkadavu dam site (Hydro 

metrological approach) 

 

Table 1   1-hour synthetic unit hydrograph ordinate at the Kakkadavu Dam site 

Time(hr.) UG Ordinate (m³/s) Time (hr.) UG Ordinate (m³/s) 

0 0 10 34 

1 20 11 28 

2 40 12 21 

3 80 13 15 

4 147 14 9.5 

5 124 15 5 

6 90 16 0 

7 68 17 0 

8 55 18 0 

9 39 19 0 

 

The report of the CWC (CWC, 1994) recommends TD=1.1tp or TD=TB. Using these 

values, the duration of the storm has been worked out as 17 hours and 43 hours 

respectively. It is decided to adopt TD = 48 hours to obtain 1-day PMF hydrograph. 

The incremental rainfall excess values of each bell are calculated based on temporal 

distribution given by IMD and each bell is arranged in order of UG ordinates and 
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reversed. Each bell is placed critically so that the sum of the two bells does not exceed 

the 24 hr PMS value. 

The distribution of 24-hour and 48-hour storm rainfall is provided in Table 2. 

 

Table 2  Distribution of 24 - h and 48 - h storm rainfalls 

Time (h) 24 Hour Event 48 Hour Event 

 Cumulative % Incremental % Cumulative % Incremental % 

0 0 - 0 - 

3 50 50 28 28 

6 67 17 39 11 

9 78 11 47 8 

12 86 8 55 8 

15 92 6 61 6 

18 96 4 67 6 

21 99 3 72 5 

24 100 1 77 5 

27   82 5 

30   87 5 

33   91 4 

36   94 3 

39   96 2 

42   98 2 

45   99 1 

48   100 1 

 

A. Loss Rate 
A loss rate of 1.9 mm/h has been adopted as recommended in the flood estimation 

report of CWC “flool Estimation Report for west course region sub –zones -5a&5b 

(CWC, 1994).  

 

B. Base Flow 
The value of base flow is taken 0.15 cumec /sq.km, as per recommended in the flood 

estimation report of CWC “flool Estimation Report for west course region sub –zones 

-5a&5b (CWC, 1994).  
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IV. RESULTS 

The 1-hour rainfall excess values is obtained One day point rainfall value of 600 mm 

has been adopted as design storm 24 hrs annual PMP value has been worked out as 

600.3 mm arranged in critical sequence is convoluted with UG ordinates to obtain the 

PMF hydrograph. The peak of the PMF hydrograph is worked out by convolution 

method as 2570 m³/s and by using two-bell system, for first bell PMP value 

distribution is taken as 71% of one day of PMP 600.3 mm and second bell PMP value 

distribution is taken as 29% of one day of PMP 600.3 mm .The peak of the PMF 

hydrograph is worked out by two bells method as 3142 m³/s. The PMF hydrographs 

by using convolution and by two bells system are plotted and shown in figure 3 and 

figure 4  respectively. 

 

Figure 3. 1-day probable maximum flood hydrograph at Kkkadavu dam site  

by convolution method 

 

 

Figure 4. 1-day probable maximum flood hydrograph at Kkkadavu dam site  

by Two Bells method 
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V. CONCLUSIONS 

In the design of hydraulic structures it is not practical from economic considerations 

to provide for the safety of the structure and the system for the maximum-probable 

flood in the catchments. Small structures such as culverts and storm drainages can be 

designed for less severe floods because the consequences of a higher than-design 

flood may not be serious. On the other hand, storage structures such as dams demand 

greater attention to the magnitude of floods used in design. The failure of these 

structures causes a huge loss of life and property damage on the downstream of the 

structure. From this it is apparent that the type, importance of the structure and 

economic development of the surrounding area dictate the design criteria for choosing 

the flood magnitude. This paper describes the methodology for developing a synthetic 

hydrograph for the Kakkadavu Dam Site. By both methods the 1-day probable 

maximum flood hydrograph have been developed for the Kakkadavu Dam site. 
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