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Introduction  

According to Burayu Town Urban Infrastructure Management Report(2008-2010), the town lies at a relatively gentle slope where 

runoff runs and drains towards the nearest natural water body. Most parts of the town is covered by reddish soil that has low 

infiltration rate. There are a number of dry streams in the town, which collect runoff from their watersheds and drain it towards river. 

Due to soil erosion and poor waste management system, the drainage channels are filled with or blocked by silt and garbage (Source: 

Ministry of Urban Development and Construction 2008-2010).These reduce the carrying capacity of drainage channels and create 

overflow of runoffs. The absence of proper drainage negatively affects the economy of the community (car crash, delay in time or 

time wastage, wastage of gasoline) as well as social activities such as facilitation of trade and businesses, access to basic services, safe 

transportation. Surface drainage involves collecting the water from the road surface, road shoulders, side slopes and adjacent areas and 
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Abstract 
The objective of the study is to assess the Performance of Drainage Systems of Road at Burayu Town 
Administration. Exploratory and descriptive methods of research were used in the study. The study 
employed both primary and secondary instruments of data collection. The primary data collection 
instruments were observation (field visit), Interview, and photographs that show the existing 
drainage structure conditions and information that were gathered from the residents about the 
performance of the drainage structures during the rainy season. The secondary data sources were 
land cover map and geological map. Hydrological analysis was carried out by using Rational and 
SCS equations. Hydraulic parameters were determined from the design documents data during 
construction and from the construction sites by measuring the parameters where the structures are 
constructed by using Manning’s equation and GIS was used for watershed delineation. The drainage 
channels are filled with or blocked by silt and garbage, the blockage of drainage structures is due to 
flat areas (the conditions are happening at flat areas) and siltation of drainage system which leads to 
failures on roadways. The hydrological analysis was computed by the SCS method and rational 
method. The computed discharge values, which were determined by both SCS method and rational 
method, were compared by dividing the watershed area according to their area of application. At 
station 16+200 the discharges were computed by SCS method for 60ha and also, computed by 
rational method by divided 60ha into two parts 30ha/0.3km2and compared the results. The rainfall 
values, which were obtained by generating rainfall from IDF curves of ERA and observed/gauged 
rainfall from near station of the study area, were tested using R2 and the values of R2 obtained were 
in the range of 0.66-0.88. The result of both tests showed that there was a good relationship between 
the observed and generated rainfall intensities. Therefore, this study recommends improvement in the 
integration of road and drainage structure; integration of solid waste management system in order to 
prevent the over flowing of flood as a result of blockage of drains; the stations of the road requires 
proper maintenance, the drainage structures should be carefully cleansed, and suitable measures 
should be taken in order to make the road and drainage structures serve for the intended purposes 
sustainably to the stakeholders. 
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carrying it away via downhill slopes, roadside ditches and pipes. The design of road drainage systems varies with factors such as road 

importance and age, traffic load and rural/urban area (Faisca et al., 2009). A surface drainage system (ditch) collects and diverts storm 

water from the road surface and surrounding areas to avoid flooding. It also prevents damage to sub-surface drains, water supplies 

(wells) and other sensitive areas adjacent to roads. It decreases the possibility of water infiltration into the road and retains the road 

bearing capability (Faisca et al., 2009). 

 

Subsurface drainage systems drain water that has infiltrated through the pavement and the inner slope, but also groundwater. 

Subsurface drainage systems usually comprise culverts and have a direct linkage to surface drainage systems (Dawson, 2009). The 

subsurface drainage system rains subsurface water from in our roads or from the subsurface areas surrounding our roads. Different 

types of structures are employed in the drainage systems are open channels whether artificial or natural convey the flows of water; 

surface and sub-surface drainage systems; culverts and bridges convey flows under road cross-section; energy dissipaters, used to 

control the velocities of flows, especially at culvert outlets (Kalantari, 2011). A complete drainage system design includes 

consideration of both major and minor drainage systems. The minor system, sometimes referred to as the "Convenience “system, 

consists of the components that historically considered as part of the "storm drainage system". These components include curbs, 

gutters, ditches, inlets, access holes, pipes and other conduits, open channels, detention basins, and water quality control facilities 

(Alderson, 2006). Inadequate urban storm water drainage problems represent one of the most common sources of compliant from the 

citizens in many towns of Ethiopia (GTZ-IS, 2006), and this problem is getting worse and worse with the ongoing high rate of 

urbanization. The pattern of urbanization and modernization Ethiopia has meant increase densification along with urban infrastructure 

development. This has led to deforestation, use of corrugated roofs and paved surfaces. The combined effect of this results in higher 

raindrop intensity and consequently accelerated and concentrated runoff. Due to inadequate integration between road and urban storm 

water drainage, infrastructure provision and poor management significant proportion of the area is exposed to flooding hazards/risks. 

Appropriate design of the surface drainage system is an essential part of road design (Kalantari, 2011). 

 

This has resulted in negative impacts on urban storm water drainage provision and management. The two main types of water flows 

that can be considered are the flows that usually crossing the area that could be diverted by the presence of the road, and the flows 

generated by the runoff of the rainwater falling on the carriageway and its surroundings. The basic design techniques in roadway 

drainage system should be developed for economic design of surface drainage structures including ditches, culverts and bridges (ERA, 

2002). 

 

Materials and Methods 

Data Analysis 

The research focus on the performance assessment of road drainage system. Analysis of the collected data was carried out by rational 

and SCS methods based on the following factors that affect flood. 

 Drainage basin characteristics including: size, shape, slope, land use, geology, soil type, surface infiltration, and storage; 

 Stream channel characteristics including: geometry and configuration, slope, hydraulic resistance, natural and artificial 

controls, channel modification, aggradations, ice and debris; 

 Floodplain characteristics; 

 Meteorological characteristics such as precipitation amount and type (rain, snow, hail, or combinations thereof), rainfall 

intensity and pattern, areal distribution of rainfall over the basin, and duration of the storm event  

 

These parameters were obtained from long-term climatic data, hydrological data, and geological data, soils, land use / land cover maps 

prepared at medium and large scales for general purposes and hydrographic and topographic survey and geotechnical investigations 

along the road route (Source: ERA, DDM- 2002).  

 

Data Processing 

The continuity of a recorded data may be broken with missing due to many reasons such asdamage or fault in gauging station during a 

measuring period. So, before starting any procedures, it is important to check whether the data were homogenous, consistence and 

complete with no missing data. If the missing data existing it should be estimated using the data filling methods. Because incorrect 

data leads to inconsistency and ambiguous results that may contradict to the actual value. 

 

Results and discussion  

Evaluation of Data 

Calibration and Validation results 

In this section, generated rainfall intensity from IDF curves results were compared with the observed/gauged precipitation near the 

study area. These comparisons are carried out taking account the statistical parameters mentioned in previous sections. For this 

research, gauged precipitations from two stations located near study were compared with the generated rainfall intensity. The 

calibration data range for rainfall gauging station is as follow. For the Holota gauging station, data for the period (1980-2003) were 

used for calibration. And the validation data range for rainfall gauging station is as follow. For the Holota gauging station, data for the 

period (2004-2014) were used for validation. 
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Computation of Catchment Parameters  

Computation of Catchment Parameters at stations 16+200 drainage structure 

On Burayu road, drainage structures performance assessment, the maximum peak flood is computed. After the watershed areas 

delineation, watershed properties like soil type and curve number are computed.  

i. Runoff Curve Number 

In table 3, hydrological characteristics of soil groups, the region is a wet antecedent moisture condition (AMC) region. After the 

watershed areas delineation, watershed properties like the land use coverage, soil type and curve number are computed. From the 

Appendix A in table 4, the runoff curve number for imperviousCN= 98 for impervious area. 

ii. 24-Hour Rainfall Depth 
Since the drainage structure at station, 16+200 is culvert that has diameter less than 2-meter, the 24-hour rainfall depth is 95 mm for 

checking. 

iii. Direct Runoff Depth 

Direct runoff (Q) is determined from Appendix A table 3, by using rainfall depth of 79mm for checking and CN of 98. Therefore, 

Q10=73.14mm. 

 

Runoff Computation by SCS Method at Station 16+200 

Step 1: Determine Catchment Area  

 
Fig 1: Catchment Area for Drainage Structure at Station 16+200 

 

Step 2: Determine longest flow path and elevation 

 

 

 

 

 

 

Step 3: Determine Catchment Area Property   

Land Cover  Soil Type  Hydrologic Soil Group  Rainfall Region  

Impervious area :  Lithosols                D A2 

 

Step 4: Calculate Time of concentration   

Time of Concentration  

i. Sheet flow  

The 2-year, 24-hour rainfall depth is determined from Appendix A table 3 to be 52mm. Hence, from Equation, travel time for sheet 

flow is determined as: 

Tt= [0.091(nL) 
0.8

/ (P2)
0.5

 S
0.4

]  

 = 0.06hr 

ii. Shallow Concentrated Flow  

 

After a maximum of 100 meters, sheet flow usually becomes shallow concentrated flow (ERA DDM, 2002). For shallow concentrated 

flow, paved watershed slope is approximated 0.0028m/m and length from topography map is 900m. 

The average velocity for this flow can be determined from equation (4.11), V = 6.1961 (S)
 0.5

in which average velocity is a function of 

watercourse slope and type of channel.  

Paved V = 6.1961 (S)
 0.5

 

               = 0.32m/sec 
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From equation (4.6),Tt = L/ (3600V) travel-time is determined as: 

Tt = L/ (3600V) 

    = 900/ (3600 x 0.32) 

=0.78hr 

iii. Channel flow 

For channel flow, natural stream channel, winding with weeds and pools, slope is 0.01 m/m, and length is 800m. By direct measuring 

the average bottom width of the stream channel is 2.5m, side slopes are 1V:1.5H, 25-year storm depth is 1m., Manning’s roughness 

coefficient for fallow (no residue) channels is 0.05. 

A=Cross-sectional flow area = by+zy
2
 

= (2.5 x 1) + 1.5(1)
2
 = 4m

2
 

Pw= wetted perimeter = b+2y (1+z
2
)

0.5 
= 6.1m 

R = Hydraulic radius = A/Pw = 4/6.1 = 0.65m 

From Equation (4.12), V= (R
2/3

S
1/2

)/n 

V = (R
2/3

S
1/2

)/n = 1.50m/s 

From Equation (4.6),Tt = L/ (3600V) 

Tt= L/(3600V)    = 0.14 hr 

Total Time of Concentration = 0.06 + 0.78 + 0.14 = 0.9hr= 54min 

By the same procedures, catchment parameters at stations 15+300 and 17+600 are determined. 

 

Step 5: Calculate peak flood  

The peak flood estimation was done by using the SCS method flood estimation formula by  

1) Rainfall runoff equation   

 

A relationship between accumulated rainfall and accumulated runoff was derived by SCS from experimental plots for numerous 

hydrologic and vegetative cover conditions. 

 

 

 
 For P > 0.2S 

Q =0 for P ≤ 0.2S 

Where: 

Q = accumulated direct runoff, mm. 

P = accumulated rainfall (i.e., the potential maximum runoff), mm. 

Ia = initial abstraction (surface storage, interception, and infiltration prior to runoff), mm,  

Then Ia=1.0mm, for CN=98 

 

Table 1: 24-hour Rainfall Depth 

 

 

2) Peak Discharge Computation  

 

The following equation were used for the estimation of the peak discharge in SCS method Design Peak Discharge, Qp =Qu*Q*A   

For Curve Number (CN) =98, Ia = 1.0mm  

 

Table 2: Peak Discharge Results for Drainage Structure at Station 16+200 by SCS method
 

Return period  2years  5years  10years    25years  50 years  100years  

Qu 0.004104 0.004094 0.00409 0.004086 0.004084 0.004082 

Qp(m
3
/s) 11.4 15.0 17.9 21.8 24.7 27.4 

 

Burayu-town road as described on geometric design report, categorized under DS3 road design standard. Hence the design storm 

frequency stated under DS3/4 used to compute the design discharge and to design the respective drainage crossing structures, which 

are presented in Appendix A of table 2. Case I-during the diameter of culvert is less than 2 meter the design storm frequency (yrs) by 

geometric design criteria DS3/DS4 is used. Therefore, the anticipated peak discharges for catchment area at station 16+200 is 

Return period  2 

years 

5 

years 

10 

years 

25 

years 

50 

years 

100 

years 

P (mm) 52 67 79 95 107 118 

Q (mm) 46.29 61.19 73.14 89.09 101.06 112.03 

Ia/P 0.019 0.014 0.012 0.010 0.009 0.008 
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21.8m
3
/s for check. The average flow velocity is 0.36m/sec. The above result are computed by the SCS method for the area of 60ha. In 

order tocheck/compare the result in table above, Rational method is used by dividing the watershed area as the following. 

 
Runoff Computation by Rational Method at Station 16+200 

 

Step 1: Determine Catchment Area 

Burayu Town Catchment 

 
Fig 2: Catchment Area for Drainage Structure at Station 16+200 

 

Step 2: Determine longest flow path and elevations   

 

Name  

Catchment 

Area  

Shape 

length  

(m)  

Min. 

Elevation 

(m) 

Max. 

Elevation 

(m) 

C1  30 900 2460 2510 

 

Step 3: Determine Catchment Property   

Land Cover  Soil Type  Hydrologic soil group Rainfall Regional 

Impervious: Concrete Lithosols D A2 

 

Step 4: Calculate the Time of Concentration  

(i) Calculation of time of concentration for over land flow  

Tc = 0.604(RL/S
0.5

)
 0.467

 

R   = roughness coefficient of land use (concrete) from Appendix B of table1 = 0.02 

L = hydraulic length of catchment, measured along flow path from the catchment boundary to the point where the flood needs to be 

determined (km) =0.33, S= 0.15 

Tc= time of concentration (hours) =0.604(RL/S
0.5

)
 0.467

 Tc=0.604(0.02*0.33/0.15
0.5

)
0.467

 

Tc = 0.090hr 

(ii). Calculation of time of concentration for defined watercourses in a defined watercourse, channel flow occurs. The recommended 

empirical formula for calculating the time of concentration in natural channels was developed by the US Soil Conservation Service. 

This point is taken 
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L = length of watercourse (km) = 0.9Sav= average slope (m/m)  Sav=0.07  = . ∗ .∗ . ^ . 5 

Tc=0.170hr 

Tct = Tc1 +Tc2 =0.26hr =15min  

Step 5: Determine rainfall intensity  

The catchment area were found in rainfall region A2, used the IDF curve of rainfall region A2 and find the rainfall intensity for 

different return periods. 

I2=65mm/hr; I5=82mm/hr; I10=95mm/hr; I25=105mm/hr; I50=118mm/hr; I100=130mm/hr  

Step 6: Determine runoff coefficients 

 

Table 3: Runoff coefficient values for different drainage areas 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(Source: Hydrology, Federal Highway Administration, HEC No. 19, 1984) 

Runoff coefficient (C) under streetsfor concretetype drainage area, Cav = 0.87 

 

Step 7: Calculate the Peak flood    

Q=0.00278CIA 

Where, Q= Peak flow in cubic meter per second (m
3
/sec) 

C= Dimensionless weighted runoff coefficient 

I= Rainfall intensity in millimeters per hour (mm/hr) 

A= Drainage area inhectare (ha) which is 30ha 

 

 

 

 

 

 

 

Return period  2 year  5year  10 year  25 year  50 year  100year  

I(mm/hr) 67 83 95 105 118 130 

A(ha) 30 30 30 30 30 30   

Q (m
3
/s ) 5.035 6.202 7.078 7.808 8.757 9.486 
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Table 4: Peak Discharge Results for Drainage Structure at Station 16+200 by rational method
 

 
The above table is the computed for peak discharge at station 16+200 by using rational method for the area of 30ha/0.3km

2
.From the 

above table. It is confirmed that the peak discharge at road station 16+200 was computed by dividing the watershed into two parts 

which has the area of 60ha/0.6km
2
.Therefore, if we double the above result it approximately becomes equal with the result which was 

computed by using the SCS method. The results which computed by two methods (Rational and SCS method) were compared. 

Rational method is used for catchment area less than 50 hectares (0.5 km
2
) and SCS method used for catchment areas greater than 50 

hectares. 

 

Table 5: Peak Discharge Results for Drainage Structure at Station 16+200 by rational method 

 

In order to check the computed peak discharges (check discharges) with the design discharges of the drainage structure (culvert) at 

station 16+200 is as following. Hydraulic calculation was carried out for drainage structures at station 16+200 using by Manning’s 

Equation is as following. 

 

Hydraulic Calculation for Drainage Structure at Station 16+200 

The drainage structure at station 16+200 is culvert as shown on figure below. The design diameter of the culvert is 1.4m, the existing 

culvert was installed at a slope of 0.2m/m and the wetted perimeter (p) is 4.4meter, the roughness coefficient value for concrete (n) 

0.020. Therefore, the design and check discharges are 17.0m
3
/sec and 21.5m

3
/sec respectively. The design discharge was done by 

measuring the existing drainage structure by measuring tape and checked by trial and error and primary data collected and 

approximation. Proper design and construction of drainage structures are vital components for road structure to function without 

traffic interruption. Appropriate hydrological analysis of the catchment area where the drainage structure will be constructed and 

appropriate hydraulic parameters should be determined. If proper hydrological analysis and hydraulic calculation were not well 

practiced, either overdesign or under design would occur that both involve excessive costs on a long-term basis. 

 

A drainage structure designed to carry a short recurrence interval flood would have a low first cost, but the maintenance cost would be 

high because the drainage structure and roadway may be damaged by storm runoff almost every year. On the other hand, a drainage 

structure designed to carry the long recurrence interval flood would be high in initial cost, but low in maintenance cost. Design of the 

drainage structure at station 16+200 on Burayu town road is under design thatcosts much every year for maintenance as shown on 

figure below. Therefore, appropriate design, and construction should be carried out in order to the road to function properly as 

intended for the road users. Therefore, additional pipe culvert is needed at this station in order to pass or accommodate the coming 

flood. The size and type of drainage structure at this station is recommended in the recommendation part. 

 

 

Return period  2 year  5year  10 year  25 year  50 year  100year  

I(mm/hr) 67 83 95 105 118 130 

A(ha) 30+30 30+30 30+30 30+30 30+30 30+30   

Q (m
3
/s ) 11.2 14.9 17.8 21.5 24.8 27.5 

Return period  2 year  5year  10 year  25 year  50 year  100year  

I(mm/hr) 67 83 95 105 118 130 

A(ha) 30+30 30+30 30+30 30+30 30+30 30+30   

Q (m
3
/s ) 11.2 14.9 17.8 21.5 24.8 27.5 

Flooded road 

section during rainy 

season 

Culvert 
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Fig 3: Road section at station 16+200 

 

Runoff Computation by SCS Method at Station 15+300 

 Step 1: Determine Catchment Area  

 
Fig 6: Catchment Area for Drainage Structure at Station 15+300  

 

Step 2: Determine longest flow path and elevation 

 

 

 

 

 

Step 3: Determine Catchment Area Property   

 

 

 

 

 

 

Step 4: Calculate Time of concentration   

Tc= 0.98hr  

 

The peak flood estimation was done by using the SCS method flood estimation formula 

1) Rainfall Runoff equation   

 

A relationship between accumulated rainfall and accumulated runoff was derived by SCS from experimental plots for numerous 

hydrologic and vegetative cover conditions. 

Name  Catchment 

Area (ha) 

Stream 

length (m)  

Elevation (m)  

C2 100 2003  

2500 

 

Land Cover  Soil Type  Hydrologic Soil Group  Rainfall Region  

 Street and roads: 

paved, open ditches 

Lithosols                D A2 

Damaged road at station 16+200 
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 For P>0.2S 

Q =0 for P≤0.2S 

Where: 

Q = accumulated direct runoff, mm. 

P = accumulated rainfall (i.e., the potential maximum runoff), mm. 

Ia = initial abstraction (surface storage, interception, and infiltration prior to runoff), mm,  

CN= Curve Number, forimpervious area: Paved; open ditches (including right-of-way) =93 

Then Ia=3.8mm  

 

Table 6: 24-hour Rainfall Depth 

Return period  2 

years  

5 

years  

10 

 years  

25 

 years  

50  

years  

100 

years  

P (mm) 52 67 79 95 107 118 

Q (mm) 34.12 48.52 59.96 75.39 87.07 97.82 

Ia/P 0.073 0.057 0.048 0.040 0.036 0.032 

2) Peak Discharge Computation 

The following equation were used for the estimation of the peak discharge in SCS method Design Peak Discharge, Qp =Qu*Q*A  

For Curve Number (CN) = 93, Ia = 3.8mm  

 

Table 7: Peak Discharge Results for Drainage Structure at Station 15+300 by SCS method
 

Return period  2 years  5years  10years    25years  50 years  100years  

Qu 0.003405 0.003375 0.003359 0.003344  

0.00337 

0.00333 

Q 34.12 48.52 59.96 75.39 87.07 97.82 

Qp(m
3
/s) 11.61 16.37 20.14 25.21 29.34 32.57 

 
Burayu town road were categorized under DS3/4 road design standard. Hence, the design storm frequency stated under DS3/4 used to 

compute the design discharge and to design the respective drainage crossing structures, which are presented in Appendix A of table 

2.The diameter of culvert is less than 2 meter this station (15+300). Therefore, the anticipated peak discharges for catchment area at 

station 16+200 is 25.21m
3
/s for (frequency for 25year) for check. The average flow velocity is 0.25m/sec. The above result is 

computed by the SCS method for the area of 100ha. In order to check/compared, the result in table above, rational method is used by 

dividing the watershed area as the following. 

 

Runoff Computation by Rational Method at Station 15+300 

 
Fig 4: Catchment Area for Drainage Structure at Station 15+300 

 

Step 2: Determine longest flow path and elevations 

This point is taken 
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Name  

Catchment 

Area (ha) 

Shape length  

(m)  

Min. 

Elevation (m) 

Max. 

Elevation (m) 

C1  50 2003 2460 2500 

 

Step 3: Determine Catchment Property   

Land Cover  Soil Type  Hydrologic soil group Rainfall Regional 

Street and roads: paved, 

open ditches 

Lithosols D A2 

 

Step 4: Calculate the Time of Concentration  

(i) Calculation of time of concentration for over land flow  

Tc = 0.604(RL/S
0.5

)
 0.467

 

R   = roughness coefficient of land use =0.02 

L = hydraulic length of catchment, measured along flow path from the catchment boundary to the point where the flood needs to be 

determined (km) =0.25km, Slope = 0.16 

Tc= time of concentration (hours) =0.604(RL/S
0.5

)
 0.467

 Tc=0.604(0.02*0.25/0.16
0.5

)
0.467

 

Tc = 0.07hr  

 

(ii). Calculation of time of concentration for defined watercourses  

 

In a defined watercourse, channel flow occurs. The recommended empirical formula for calculating the time of concentration in 

natural channels was developed by the US Soil Conservation Service. 

 
L = length of watercourse (km) = 2km 

Sav= average slope (m/m)  

H =height of most remote point above outlet of catchment (m), 𝑆𝑎𝑣 = .  

= . ∗ 2∗ . ^ . 5 

Tc=0.45hr 

Tct = Tc1 +Tc2 = 0.07+0.45= 0.52hr=31min  

 

Step 5: Determine rainfall intensity  

The catchment area was found in rainfall region A2, used the IDF curve of rainfall region A2 and finds the rainfall intensity for 

different return periods. 

 

I2=46mm/hr; I5=58mm/hr; I10=65mm/hr; I25=75mm/hr; I50=84mm/hr; I100=92mm/hr 

 

Step 6: Determine runoff coefficients 

Runoff coefficient (C) under street for concrete type drainage area, Cav = 0.87 

 

Step 7: Calculate the Peak flood   

Q=0.00278CIA 

 

Where, Q= Peak flow in cubic meter per second (m3/sec) 

C= Dimensionless weighted runoff coefficient 

I= Rainfall intensity in millimeters per hour (mm/hr) 

A= Drainage area hectare (ha) which is 50ha 
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Table 8: Runoff coefficient values for different drainage areas 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 9: Peak Discharge Results for Drainage Structure at Station 15+300 by rational method 

 

 

 

 

The above table is the computed peak discharge at station 15+300 by using rational method for the area of 50ha.From the above table, 

it is confirmed that the peak discharge at road station 15+300 was computed by dividing the watershed into two parts which has the 

area of 100ha. Therefore, if we double the above result it approximately becomes equal with the result computed using the SCS 

method. The results were compared by Rational and SCS methods according to their area of application. Rational method is used for 

catchment areas less than 50 hectares (0.5 km
2
) and SCS method for catchment areas greater than 50 hectares. The table that shows the 

double result of the computed peak discharge using the rational method is shown in table below. 

 

Table 10: Peak Discharge Results for Drainage Structure at Station 15+300 by rational method 

 

 

Hydraulic calculation is carried out for drainage structures at stations 15+300 using by Manning’s Equation as follows. 

Therefore, the computed peak discharge at station 15+300 is 25.4m
3
/s for checkand the average flow velocity is 0.254m/sec. 

Hydraulic calculation is carried out for drainage structures at station 15+300 using by manning’s Equation as followed below. 

 

Hydraulic Calculation for Drainage Structure at Station 15+300 

Hydraulic calculations are carried out for drainage structures at stations 15+ 300.The drainage structures at station 15+300 is pipe 

culvert as shown on figure below.  The design diameter of the culvert is 1.5meter, the existing culvert was installed at a slope of 

0.17m/m, and the wetted perimeter (p) is 4.7meter, the roughness coefficient value for concrete (n) 0.020 from appendix B in table (1) 

blow. Therefore, the design discharge was 19.0m
3
/sec. Therefore, the design and check discharges are 19.0m

3
/sec and 25.4m

3
/sec 

Return period  2year  5year  10 year  25year  50 year  100 year  

I(mm/hr) 47 58 66 75 84 92 

Q (m
3
/s ) 5.71 7.05 8.02 9.12 10.21 11.18 

Return period  2 year  5year  10 year  25 year  50 year  100year  

I(mm/hr) 40 49 56 65 72 79 

A (ha)    50 

+50 

  50 

+50 

  50  

+50 

  50  

+50 

  50  

+50 

  50  

+50 

  

Q (m
3
/s ) 11.4 16.0 19.99 25.4 29.0 32.34 
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respectively. The drainage culvert was checked by trial and error by primary data approximation. Therefore, additional pipe culvert is 

needed at this station in order to pass or accommodate the coming flood. 

 
Figure 5: Drainage Structure (culvert) at Road Station 15+300 

 

 Runoff Computation by Rational Methodat Station 17+600 

Step 1: Determine Catchment Area 

 
Fig 9: Catchment Area at Station 17+600 

 

Step 2: Determine longest flow path and elevations   

 

Name  

Catchment 

Area (ha) 

Shape length  

(m)  

Max. Elevation 

(m) 

Min. Elevation 

(m) 

C1  50 800 2520 2480 

 

Step 3: Determine Catchment Property   

Land Cover  Soil Type  Hydrologic soil group RainfallRegional AMC 

Concrete Lithosols D A2 Normal 

 

Step 4: Calculate the Time of Concentration 

(i) Calculation of time of concentration for over land flow  

Tc = 0.604(RL/S
0.5

)
 0.467 

for roughness coefficient of land use (R) = 0.02 

Tct= 0.30hr =18min 

 

Step 5: Determine rainfall intensity  

The catchment area were found in rainfall region A2, used the IDF curve of rainfall region A2 and find the rainfall intensity for 

different return periods. 

I2=64mm/hr; I5=78mm/hr; I10=90mm/hr; I25=105mm/hr; I50=116mm/hr; I100=124mm/hr 

 

Step 6: Determine runoff coefficients 

Runoff coefficient (C) under street for concrete type drainage area, Cav = 0.87 from Appendix A of table 2. 
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Step 7: Calculate the Peak flood   

Q=0.00278CIA, where, Q= Peak flow in cubic meter per second (m
3
/sec) 

 

Table 11: Peak Discharge Results for Drainage Structure at Station 17+600 by rational method 

 

 

 

 

 

Peak discharge is calculated using equation at station 17+600 in the above table. Therefore, the computed peak discharge at station 

17+600 is 10.88m
3/

s for (10 years frequency) and the average flow velocity is 0.22m/sec hence, Burayu-town road as described on 

geometric design report, categorized under DS3/4 road design standard. Therefore, the design storm frequency stated under DS3/4 

used to compute the design discharge and to design the respective drainage crossing structures. 

 

At this station, there is no drainage structure in order to convey/pass the coming discharge during rainy season. Drainage structures are 

important elements of the road structure to be accessible throughout the year without traffic interruption. Lack of drainage structure on 

roadways makes the carriageway to be weak due to poundage of water that infiltrated into the carriageway. The infiltrated water 

oversaturated the carriageway-wearing course, and sub-grade. As a result, the carriageway could not carry traffic as intended. When 

drainage structures are neglected to be constructed at appropriate locations: Surface water can pond at the edge of the road and 

weakens the road surface, Silt can accumulate at the edge of the road i.e. the silt cannot be washed away through the drainage structure 

due to unconstructed drainage structure and the visibility for road users is reduced, with increased risk of accidents on persons or 

animals. 

 

As the results shown on the above table, Side ditch can safely accommodate the anticipated peak discharge10.88m
3
/s (10 years 

frequency).And the length of the road is 200m. Therefore, in order to convey/pass the coming discharge at this station bed width of 

1m and total height 1m is enough to accommodate peak discharge generated from one way road surface. As a result, new drainage 

structure will recommended on the recommendation part. 

 
Fig 6: RoadSection at Station 17+600  (Source: Own survey, 2016) 

 

Drainage Structure at Station 16+900 

On Burayu town road, the road side ditch at station 16+900 were full closed by many things like silt, waste materials and garbage etc. 

A major problem observed at this station (16+900) during data collection is due to disposal of solid waste in the storm water drainage 

line and silt, which comes from the agricultural activities, results the blockage of the existing drainage channels and hence impairs 

their ability to convey the runoff properly. The main sources of solid wastes are households (residential units), commercial 

establishments, industries and hotels. As there is no adequate provision for garbage container in the town, residents dispose wastes in 

to the drainage channels, open spaces, and rivers/ streams. The conditions are more sever at flat areas.  As it was observed during field 

survey the majority of the road drains are blocked by solid wastes of various types and many residents illegally connect their sewerage 

system in to the existing drains. Besides, this idea is reinforced from respondents’ response.  

 

Private individuals, governmental and non-governmental organizations, are carrying out different construction activities in the town. 

The leftover of the construction materials are disposed on roads and into drainage lines. The deposits sometimes stay for years and 

block the flow of runoff during peak rains. Therefore, cleaning or removing these waste materials from this road channel should be 

carried out in order to the road to function properly as intended for the road users. Proactive measures should be taken to reduce and 

Return 

period  

2year  5year  10year  25year  50year  100year  

I(mm/hr) 64 78 90 105 116 124 

Q (m
3
/s ) 7.73 9.43 10.88 12.69 14.02 14.99   

 Street Flood Flooded Road Section 
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manage flooding hazards (like clearing of drains before rain season begins).The drainage structure at station 16+900 is channel/ditch 

as shown on the figure below.  

 
Fig 7: Road ditch at station 16+ 900  (Source: Own survey, 2016)           

 

Drainage Structure of Road Section at Station 17+200 

The primary function of road drainage channel is to remove the storm water as rapidly as possible so that traffic may move safely and 

efficiently without any loss of time. On Burayu town road, the road side ditch at station 17+200 were full closed by many things like 

silt, waste materials and garbage etc. Inadequate integration between road and drainage lines followed by blockage of drains by solid 

wastes is the major causes of flooding in the study area (interviews from respondents, (Source: Field survey, 2016)). A major problem 

observed at this station (17+200) during data collection is disposal of solid and liquid waste in the storm water drainage line, which 

results in the blockage of the existing drainage channels and hence impairs their ability to convey the runoff properly. 

 

So that the ditch is not accommodate the flood safely and exposed the roads surface to potholes because of the drainage channel was 

closed by silt, plastic, garbage and other materials etc (Source: field survey, 2016).To solve the debris/silt problem, conduct these 

maintenance activities: Stop debris upstream by using a barrier; clean the ditch frequently; making sure debris can pass through the 

ditch; Steepen the ditch grade to promote self-cleaning. Therefore, cleaning or removing these waste materials from this road channel 

should be carried out in order to the road to function properly as intended for the road users. 

 
Fig 8: Road ditch at station 17+200Source: Own survey, 2016 

 

Drainage Structure at Station 18+200 

On Burayu town road ditch at station 18+200 becomes broken down due to soil erosion. This causes storm water to overflow on the 

carriageway and clogging of road side channels by silts. This has resulted potholes on road surface and accumulation of silts in the 

drainage structures.  

 

During the field survey, it was observed that the town has serious problem related to lack of an appropriate maintenance for existing 

drainage facilities (storm water drainage system) which was broken down due to soil erosion at this station. Lack of an appropriate 

maintenance of the existing drainage facilities leads to existing drainage channels are either partially or fully filled with silts, plastic 

and causing the storm water to flow over the road surface (formation of gullies and rills across the existing drainage channels and 

roads).This problem ultimately reduces the carrying capacity of drainage channels and creates the overflow of runoff over the road 

surface and weakens the road surface.  

 

Therefore, the road ditches at this station needs an appropriate maintenance in order to function properly for the users. 

 

 

Closed ditch Potholes 

Silted ditch at road station 16+900 
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Fig 9: Road ditch at station 18+200 (Source: Own survey, 2016) 

 

Proposing New Drainage Structures 

Designing highway drainage structures involves many factors including estimating flood peaks, hydraulic performance, structural 

adequacy, and overall construction and maintenance costs. Drainage structures should be constructed at locations where they are 

required. Unless drainage structures constructed at appropriate locations, traffic interruption will be serious problem concern and the 

economic activities can be endangered. 

 

Proposing Drainage Structure at Station 16+200 

From equation, the design and check discharges are 17.0m
3
/sec and 21.5m

3
/sec at station 16+200respectively. Therefore, new 

drainage structure will be added. Therefore, the proposed drainage structure is a pipe culvert that has length of seven-meters and 

diameter of0.5meter for discharge (Q=4.5m
3
/sec). 

 

Proposing Drainage Structure at Station 15+300 

The design and check discharges are 19.0m
3
/sec and 25.4m

3
/sec at station 15+300 respectively. There for additional new drainage 

structure will be needed at this station. Therefore, the proposed drainage structure is a pipe culvert that has length of seven-meters and 

diameter of 0.6meter for discharge (Q=6.4m
3
/sec).  

 

Proposing Drainage Structure at Station 17+600 

The effect of neglected drainage structures on roadways 

Drainage structures are important elements of the road structure to be accessible throughout the year without traffic interruption. On 

Burayu town   road at station 17+600, drainage structures were not constructed. This makes the carriageway to be weak due to pond 

age of water that infiltrated in to the carriage way.  The infiltrated water oversaturated the carriageway wearing course, and sub-grade. 

As a result, the carriageway could not carry traffic as intended. Due to this effect, catastrophic problem was created for the proper 

functioning of the road. There is lacking of drainage structure at this station. New drainage structure will be needed at this station. 

From equation (4.1), the computed peak discharge is 10.88m
3
/sec. Therefore, the proposed drainage structure could safely 

accommodate the anticipated peak discharge of 10.88m
3
/s.  

 

When drainage structures are neglected to be constructed at appropriate locations:- 

 Surface water can pond at the edge of the road and weakens the road surface 

  Silt can accumulate at the edge of the road i.e. the silt cannot be washed away through the drainage structure due to 

unconstructed drainage structure 

 The visibility for road users is reduced, with increased risk of accidents on persons or animals 

 

In order to serve a road properly for the road users, drainage structures should be constructed by considering where the location of the 

crossing in the watershed is required and how can water, sediment, and wood be transported at that location and how is the catchment 

configured. Therefore, based on these considerations the construction of ditch was required in order to use for intended purposes as 

aforementioned. 

 

Conclusion 

This study analyzed the performance assessment of road drainage structure of Burayu town by using SCS method and rational for 

hydrologic analysis and Manning’s equation for hydraulic analysis. The rainfall values, which were obtained by generated rainfall 

from IDF curves of ERA and gauged rainfall from near station of the study area were checked and evaluated using R
2
.First the 

meteorological missed data due to misreading and failed of the gauging instruments were filled by interpolation method. The filled 

data consistencies were then checked by double mass curve. The data also calibrated and validated using generated rainfall intensity 
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and gauged precipitation data of nearby study area Holota station. The result of both tests showed that there was a good relationship 

between the observed and generated rainfall intensities by the statistical measure parameters. Manning’s equation was used to assess 

the adequacy of existing drainage structures at different road stations. Therefore, at station16+200 the hydraulic calculation was 

carried out and the design and check discharges are 17.0m
3
/sec and 21.5m

3
/sec respectively. Hence propose new drainage structures 

where required. In most part of the town, runoffs run over road surfaces this is due to soil erosion, lack of drainage lines along most of 

the roads in the town, lack of appropriate maintenance of existing drainage facilities, poor waste management system and the drainage 

channels are filled with or blocked by silt and garbage. For this reason, the road drainage structure impairs their ability to convey the 

runoff properly. Sewerage connection and solid waste dumping reduce the effective carrying capacity of drains. The main sources of 

solid wastes are households (residential units), commercial establishments, industries and hotels. As there is no adequate provision for 

garbage container in the town, residents dispose wastes in to the drainage channels, open spaces, and rivers/ streams. The drainage 

structures become  silted when the grade is flat and the flow is restricted. These observed problems ultimately result in loss of a road 

section or even many road sections greatly hampering the traffic flow that negatively contributes to the mobility of the road users in 

general and the socio economic well-being of the people in particular. 

 

Recommendations 

At the study area, Burayu town, road drainage structures are not properly functioning. The main causes are the small number of 

culverts, insufficient capacity of road ditches, unavailability of drainage structures at proper place, street flood, poor management and 

siltation, etc. These factors cause gulling. Therefore, in order to minimize and/or avoid these problems, the following 

recommendations were drawn and/or suggested.  

1) At station (16+200, 15+300) the pipe culvert could not accommodate the peak discharge during the rainy season. Therefore, 

a pipe culvert of 0.5meterinternal diameter should be constructed for station 16+200 and construction of pipe culvert of 

0.6meterinternal diameter is important at station 15+300.   

2) At two stations(16+900, 17+200), the road side ditches were loaded or silted by many things such as debris, silt, garbage, 

waste materials, and disposal of solid waste in the drainage line therefore, this impairs their ability to convey the runoff 

properly. Thus, the municipality should be solve the debris/silt problem by conduct these maintenance activities: stop debris 

upstream by using a barrier; clean the ditch frequently; making sure debris can pass through the ditch; steepen the ditch 

grade to promote self-cleaning and should arrange the mechanisms by which the drainage channel at this station will be 

cleaned properly and meant for the right use. And also proactive measures should be taken to reduce and manage flooding 

hazards (like clearing of drains before rain season begins). 

3) At station17+600, the road became flooded or there was a flood across the road (street flood) because of lack of drainage 

structures. Therefore, side ditch drainage structure of 1m width and height of 1m should be constructed by the municipality. 

4) At station 18+200, the ditch is cracked and broken. Hence, it should be maintained and repaired for its purpose.  

In general, it is important to use appropriate hydrological analysis, hydraulic design, and stream morphological study for road 

drainage structures. This has to be done by skilled and knowledgeable workers.  
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