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 Made Lamongan Residential is located in an area that has a flat slope and is flanked by two 

rivers Kali Mengkuli and Kali Gorok, the problem in the study area is that the drainage system 

is unable to serve rainwater runoff. This is evidenced by the occurrence of inundation during 

the rainy season with high intensity. The height of the inundation that occurs in the Residential 

complex ± 60 cm with a reduction in inundation of more than 12 hours. The calculation results 

showed that there were several sections of the channel that occurred runoff with a planned Q5 

flood discharge of 8.14 m3/sec. Based on the results of surveys in the field, many channels were 

found that had changed their dimensions due to the renovation of residents' houses. In this 

study, 1D channel hydraulic modelling was carried out using SWMM and HEC-RAS software 

to obtain a model that was close to the surface runoff conditions at the study site. The purpose 

of this study is to obtain the greatest handling of inundation in Made Residential in reducing 

the height of the inundation based on the model to be carried out, as well as obtaining the value 

of model calibration at the study site.   

 

1. Introduction 

At the study site, the capacity of the drainage system 

appears to be inadequate for the densely populated land, and 

many channels are narrowed due to residents permanently 

closing the drainage in front of their houses. The imagery 

shows limited green open space, thus requiring an evaluation 

of the drainage capacity and model confirmation while 

considering the occurring floods [1]. Previous studies, such as 

Henny Rica Yunita, and Dani Eko, are used as references in 

this study to find appropriate solutions for drainage issues 

[2]–[4]. 

At the study location, the drainage system still relies on 

gravity to be discharged through one channel, the Gorok river 

(irrigation drainage), which flows into the Tanjung river and 

then empties into the Bengawan Solo river. Due to the high 

water discharge in the Gorok river, the drainage system in 

Made Housing often experiences water congestion, causing 

floods on the roads. Additionally, many drainage channels in 

Made Housing do not have the same dimensions due to the 

influence of irregular house fence construction, closing off 

some of the channels and making it difficult for rainwater to 

enter. 

In this study, SWMM and Hec-Ras were chosen for 

modeling because both software can represent modeling in 

one dimension [5]–[6]. This research is based on: 

• To find out whether the existing drainage system and 

technology are still feasible. 

• To find out the channel capacity and flow direction 

whether it is appropriate in tackling existing runoff. 

• To find out the right alternative technology in tackling 

floods in Made residential. 

 

2. Method 

The study location is in Made residential, Made Village, 

Lamongan District, Lamongan Regency, with a residential 

area of ± 54.28 ha. The geographical location of the Lamongan 

District is in the position of 112° 23' 22.80" East Longitude and 

7° 7' 30.69" South Latitude. The location map can be seen in 

Figure 1.  

 

2.1. Tools and Materials 

In this study there are several tools and materials used, the 

tools used are free helper software that can be downloaded 

freely while materials are obtained from consultant planning 
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Figure 1. Percut Watershed 

 

work. The study requires several tools, including Google 

Earth Pro 7.3.6.9326, EPA SWMM 5.2, HEC-RAS 6.2, and 

Microsoft Office Home 2016. Additionally, the materials used 

include RTRW Map 2020-2025, rainfall data from 2012 to 2021, 

topographic maps at a scale of 1:2000 for residential areas, 

channel cross-section data, and surface runoff observation 

data [2]–[18]. 

 

2.2. Methods 

This study was conducted in the Made residential area, the 

steps of this study were arranged systematically so as to 

facilitate its completion. Data collection in this study 

comprises primary and secondary data. The primary data 

includes conducting a survey to identify inundation areas and 

their causes, as well as an inventory survey of existing 

drainage conditions, such as channel width, height, shape, 

length, slope, and water flow direction. On the other hand, the 

secondary data needed are maps related to the study area's 

condition, supporting data such as rainfall and existing 

drainage networks, and supporting documents like RTRW 

and Master Plan. Rain data from the nearest station with a 

minimum of 10 years of data are collected as much as possible 

[1]–[4], [6], [7], [9]–[15], [17]–[24]. 

 

2.3. Data Analysis 

After collecting data, the 10-year rain data was selected for 

the maximum annual daily rain value and then the 

consistency test was carried out using the RAPS method, if the 

test results were good, the rain data would later be used for 

design rain analysis. Design rain analysis was performed 

using Log Pearson Type III. The results of the analysis will be 

tested for frequency distribution using the Smirnov 

Kolmogorov and Chi Square methods to obtain the 

correctness of the hypothesis from the calculated method and 

then choose which method is the most suitable for the design 

of rain design to take [1], [7]. 

 

2.4. Hydrological Analysis 

A unit hydrograph is defined as a direct runoff 

hydrograph caused by effective rainfall with a uniform 

intensity of falling evenly throughout the DTA for a certain 

duration. The volume of runoff will be estimated using the 

SCS (Soil Conservation Service) method. In using the SCS 

method, the volume of runoff from a DTA that falls rainwater 

is determined based on the characteristics of its sub DTA, 

which is measured from a map or assessment at the time of 

field observation, the parameters of the sub DTA concerned 

are the area, length and slope of the flow site, as well as land 

use. Land use parameters include impermeable and 

permeable components as well as types of pervasive 

components. Among the most decisive sub DTA parameters 

for runoff volume are the percentage of impermeable area and 

Curve Number (CN). A higher CN means that the volume of 

runoff is also higher, with a theoretical limitation of CN = 85 

which means it is equal to its runoff volume of 85%. The SCS 

method obtains the output of the design flood discharge 

which will be used as input in the next analysis [1], [3], [7], 

[12], [21], [25], [26]. 
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2.5. Hydraulic Analysis 

The results of the flood hydrograph design of the SCS 

method were then carried out 1D hydraulic modeling using 

two software: EPA-SWMM and HEC-RAS. The results of the 

modeling will later be viewed the flow profile on each channel 

section and will be compared with the results of the 

inundation height survey on the channel section at the study 

site [5], [6], [17], [25]. 

 

2.6. Calibration and Validation 

To test the accuracy of the model, the results of hydraulic 

analysis in two software: EPA-SWMM and HEC-RAS in the 

form of a flow profile model, then looked at the water runoff 

height above the channel and took the average runoff height 

for each channel segment. The high runoff value of the two 

models will later be seen as correlated with the results of a 

high runoff survey on each channel section obtained at the 

time of the flood. As for calibration in the selected model, the 

channel manning value input will be carried out and 

correlations tested again to get an accurate value according to 

flood event conditions [5], [6], [17]. 

 

3. Result and Discussion 

3.1. Rainfall Data Analysis 

The maximum rainfall amount of the area was obtained 

using data from daily rainfall stations, in this study the 

location of the rain station was outside the catchment area of 

the study location, Lamongan Station for the period of 

observation of rainfall data used for 10 (ten) years from 2012 

to 2021. Outlier examination is an examination of data that 

deviates quite far from the trend of the group. The existence 

of an outlier usually greatly interferes with the selection of the 

type of distribution of a sample of data, so this outlier data 

needs to be discarded. Before this rain data is used, it must 

first pass testing for the consistency of the data. The method 

used is the RAPS (Rescaled Adjusted Partial Sums) method. If 
Q/(n0.5) calculate < from Q/(n0,5) plan then the data tested is 

feasible to use, From the calculation in Table 1, Q/(n0.5) count 

= 0.740 < 1.290 then the consistency test is accepted, If R/(n0.5) 

calculate < from R/(n0,5) plan then the data tested is suitable 

for use, From the calculation in Table 1, obtained R/(n0,5) 

Calculate = 1.124 < 1.380 then the consistency test is accepted. 

Furthermore, the calculation of rainfall design uses the 

Log Person Type III Method with retries of 2, 5, 10, 20, and 25. 

The calculations can be seen in Table 2. From the calculation of 

the distribution test, the smallest max D price was obtained, 

namely by using the Log Pearson III distribution with a value 

of 0.091. So that for subsequent calculations used the results of 

the distribution of Log Pearson III. To calculate the rainfall 

plan in the study area selected results from the Log Pearson 

Type III, the calculation of the magnitude of rain intensity can 

be used with several empirical formulas in hydrology, the 

Mononobe Formula is used if short-term rain data is not 

available, there is only daily rain data, Flood discharge design 

selected based on Pu Regulation No. 12 year 2014 with a DTA 

category of 10-100 ha The typology of the city is medium then 

selected flood discharge design 5 year (Table 3) [1].

 
Table 1. Rain Data Consistency Test (RAPS) of Lamongan Rain Station 

No Year Rain (mm/day) Sk* Dy2 Sk** [Sk**] 

1 2012 77.0 -7.70 6.59 -0.326 0.326 

2 2013 72.0 -12.70 17.92 -0.538 0.538 

3 2014 83.0 -1.70 0.32 -0.072 0.072 

4 2015 59.0 -25.70 73.39 -1.088 1.088 

5 2016 92.0 7.30 5.92 0.309 0.309 

6 2017 56.0 -28.70 91.52 -1.215 1.215 

7 2018 92.0 7.30 5.92 0.309 0.309 

8 2019 96.0 11.30 14.19 0.478 0.478 

9 2020 140.0 55.30 339.79 2.341 2.341 

10 2021 80.0 -4.70 2.45 -0.199 0.199 

Total 847.00  558.01    

Average 84.70      

 
Table 2. Rain Design Calculation Results 

Percent Tr G G . SD R Design 

50 2 -0.081 -0.009 80.328 

20 5 0.807 0.092 101.300 

10 10 1.320 0.150 115.793 

20 20 1.706 0.193 128.075 

25 25 1.899 0.215 134.696 

 
Table 3. 6-Hour Rain Distribution On 5-Year Rain Design 

Hour Ratio % C.H.netto hour period 

1 55.032 55.748 

2 14.304 14.490 

3 10.034 10.164 

4 7.988 8.092 

5 6.746 6.833 

6 5.896 5.973 
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3.2. Rainwater Discharge Calculation with SCS SWMM 

Method  

In the calculation of flood discharge design with the SCS 

SWMM model, it is first carried out to input image maps from 

Google that have been registered in UTM so that when tracing 

DTA limits can be directly calculated area and length of the 

channel, for input CN values at the study site, CN 85 values 

are taken based on the old resident classification with a 

population density of >350 people/ha (Figure 2). Then, Figure 3 

show the SWMM software running software runoff discharge 

chart.  

3.3. Channel Capacity Analysis with HEC-RAS Auxiliary 

Program 

The calculation of secondary and primary channels will be 

carried out with the HEC-RAS auxiliary program, the first 

step in the HEC-RAS simulation is to create a channel scheme, 

then the cross-sectional input of the channel, the discharge 

input used is the debit calculation of the SCS SWMM method 

as shown in Figure 4 and Recapitulation of Surface Runoff 

Height of HEC-RAS Model shown in Table 4. 
 

 

 
Figure 2. Catchment Area Division Map and Flow Direction in SWMM Software 

 

 
Figure 3. SWMM Software Running Software Runoff Discharge Chart 
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Figure 4. One example of the results of the long section of the existing channel sta 0-350 Jl. Made Rejo 

 
Table 4. Recapitulation of Surface Runoff Height of HEC-RAS Model 

No Street Names Runoff (m) 

1 Mastrip 0 

2 Made Rejo 0.1 

3 Made Dadi 0.2 

4 Made Mulyo 0.4 

5 Made Kidul 0.3 

6 Made Karyo 0.3 

7 Ikan Bandeng 0.1 

8 Ikan Lele 0.6 

 

3.4. Channel Capacity Analysis with SWMM Auxiliary 

Program 

This calculation is carried out to determine whether the 

existing condition of the channel is able to accommodate and 

drain the design flood discharge or not (Figure 5). From the 

results of the calculation of the capacity of the existing 

channel, it can be concluded that the dimensions of the 

existing channel are not able to accommodate and drain the 

design flood discharge so that it is necessary to re-plan the 

dimensions of the drainage channel, so that there is no 

flooding or inundation due to overflowing water levels from 

the channel (Figure 6). From the existing dimensions that have 

been inputted into the SWMM auxiliary program, it is then 

run along with the calculation of discharge and channel 

capacity can be seen in Table 5, so that as many as 36 over 

capacity segments and 23 safe segments are obtained. 

 

3.5. Test the Suitability of the Model with Existing 

Inundation Conditions  

The criterion used to measure the goodness of a model 

after a model is obtained is root mean square error (RMSE). 

RMSE is a model selection tool based on error estimation 

results. The existing error indicates how much the estimated 

result differs from the value to be estimated. 

From the Table 6, the RMSE value from the HEC-RAS and 

SWMM models is obtained which is compared with the 

results of observations/information on the height of the wedge 

in the field by the community and PU Lamongan, from the 

RMSE results of each road section if the average that has the 

smallest value is the SWMM model, so for subsequent 

calculations using the results from SWMM. 

 

3.6. Calibration Of Selected Models 

From the results of the RMSE calculation, a selected model 

has been obtained, namely the SWMM model, then from the 

results of the initial analysis that has been modeled, then the 

SWMM model calibration is carried out. Calibration was 

carried out by adjusting the channel manning value which in 

the previous model input the manning value was 0.025, from 

several experiments obtained a manning value of 0.011, which 

was subsequently used for channel repair analysis. The results 

of the RMSE test on both manning values can be seen in Table 

7. 

 

3.7. Drainage Channel Repair Analysis 

In this study, the improvement of drainage channels was 

carried out in 2 ways, namely by increasing the depth of the 

existing drainage channel / changing dimensions and 

changing the drainage system by dividing it into 2 systems, 

with this improvement it is hoped that the discharge that 

overflows can be reduced or even until there is no runoff. 
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Figure 5. High Distribution Map of Inundation Results of Running Software SWMM 

 

 
Figure 6. One Example of The Results of The Ju1-Ju23 Elongated Cut Section Jl. Made Rejo 

 

Table 5. Recapitulation of Surface Runoff Height of HEC-RAS Model 

No Street Names Runoff (m) 

1 Mastrip 0.2 

2 Made Rejo 0.4 

3 Made Dadi 0.5 

4 Made Mulyo 0.5 

5 Made Kidul 0.2 

6 Made Karyo 0.4 

7 Ikan Bandeng 0.4 

8 Ikan Lele 0.5 
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Table 6. RMSE Testing on Both Models 

No Street Names 
Runoff Height HEC-RAS SWMM  HEC-RAS  SWMM 

Observation (m) Runoff (m) Runoff (m) RMSE RMSE 

1 Mastrip 0.3 0 0.2 0.09 0.03 

2 Made Rejo 0.4 0.1 0.4 0.09 0.00 

3 Made Dadi 0.5 0.2 0.5 0.09 0.00 

4 Made Mulyo 0.4 0.4 0.5 0.00 0.03 

5 Made Kidul 0.6 0.3 0.6 0.09 0.00 

6 Made Karyo 0.6 0.3 0.4 0.09 0.06 

7 Ikan Bandeng 0.5 0.1 0.4 0.12 0.03 

8 Ikan Lele 0.6 0.6 0.6 0.00 0.00 

      Average RMSE  0.07 0.02 

 
Table 7. RMSE Testing on Both Models 

No Street Names 
Runoff Height SWMM Model   SWMM Calibration SWMM Model SWMM Calibration 

Observation (m) Runoff (m) Runoff (m) RMSE RMSE 

1 Mastrip 0.3 0.2 0.3 0.03 0.00 

2 Made Rejo 0.4 0.4 0.4 0.00 0.00 

3 Made Dadi 0.5 0.5 0.5 0.00 0.00 

4 Made Mulyo 0.4 0.5 0.5 0.03 0.03 

5 Made Kidul 0.6 0.6 0.6 0.00 0.00 

6 Made Karyo 0.6 0.4 0.5 0.06 0.03 

7 Ikan Bandeng 0.5 0.4 0.4 0.03 0.03 

8 Ikan Lele 0.6 0.6 0.6 0.00 0.00 

      Average RMSE  0.02 0.01 

 

From the two system analyses, it will be modeled again in 

the SWMM auxiliary program which will later be selected 

which system analysis can reduce channel segments that 

overflow more than 50% of the existing running results with 

36 segments overflowing. 

 

3.7.1. Analysis of Drainage Canals Repair Without Polder 

System 

The channel will be planned using U-Ditch precast 

concrete (Table 8), At the study site due to limited land, it is 

not possible to increase the width of the channel and cannot 

change the depth of the channel that is too large, so only a few 

sections of the road have been changed dimensions, from 

these results although it reduces the height of the channel 

water runoff but there are still as many as 29 channels that 

overflow. The results of the modeling can be seen in Figure 7. 

3.7.2. Analysis of Drainage Channel Repair with Polder 

System 

In the 2nd simulation, namely by changing the drainage 

system to a north and south system, by adding a door in Figure 

8, for the northern system, it only changes the dimensions of 

the drainage channel in the main collector (primary) and still 

flows gravitationally into the Gorok river, while for the 

southern system by adding a retention pond and the pump is 

then discharged into the Mengkuli river, obtained a channel 

that crosses 15 segments with an average runoff height of 10-

20 cm only. 

For the southern system (Figure 9), a spool will be added 

with an area available at the site is 250 m2 with a plan pool 

depth of 2.5 m so that a pool capacity of 625 m3 is obtained 

while the pump specification plan for the southern system 

(Table 9). 
 

Table 8. New Channel Dimensioning With U-Ditch Analysis Without Polder System 

No Channel Code Street Names Wide (m) Channel Height (m) 

1 SAL4 Made Rejo 1.2 1 

2 SAL5 Made Rejo 1.2 1 

3 SAL8 Made Rejo 1.2 1 

4 SAL10 Mastrip 1.4 1.4 

5 SAL11 Mastrip 1.4 1.4 

6 SAL12 Mastrip 1.4 1.4 

7 SAL13 Mastrip 1.4 1.4 

8 SAL19 Made Rejo 1.2 1 

9 SAL30 Made Dadi 0.5 1 

10 SAL31 Made Dadi 0.5 1 

11 SAL32 Made Dadi 0.8 1 

12 SAL34 Made Kidul 0.5 0.6 

13 SAL42 Made Karyo 0.8 1 

14 SAL47 Mastrip 1.4 1.4 

15 SAL51 Made Dadi 0.8 0.6 

16 SAL14 Mastrip 1.4 1.4 

17 SAL54 Mastrip 1.4 1.4 

18 SAL55 Ikan Lele 0.6 0.5 

19 SAL56 Ikan Lele 0.6 0.8 

20 SAL57 Ikan Bandeng 1 1 

21 SAL58 Ikan Bandeng 1 1 

22 SAL60 Made Kidul 0.8 1 

23 SAL61 Made Karyo 0.8 1 

24 SAL62 Ikan Bandeng 1 1 
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Figure 7. High Distribution Map of Inundation Results of Running Software SWMM Without Polder System

 
Table 9. Pump specification 

Number of Pumps : 2 (two) flood pumps capacity 0.25 m3 / second 

Pump Type : Sewage Pump 

Capacity : 0.5 m3/s 

 

 
Figure 8. North System Inundation High Spread Map with Polder System 

 

Fixed fields 

 

Fixed fields 

Installation 

of sluices 
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Figure 9. South System Inundation High Spread Map with Polder System 

 

4. Conclusion 

The evaluation study of the existing drainage capacity 

assisted by pump operation in the retention pond against the 

Q5 flood design discharge concluded that the analysis of the 

existing drainage system using the HEC-RAS and SWMM 

models resulted in an average runoff depth of 0.25 m and 0.45 

m on all sections, respectively. Based on the RMSE testing 

results, the SWMM model was the most suitable for the flood 

condition at the study location. The recommended drainage 

system improvement at the study location according to the 

SWMM model is a polder system, as it can divide the flow 

direction into two collectors and reduce the accumulation of 

the main channel load on JL. Mastrip before discharging to the 

river. In the existing condition, there are 36 flowing channels 

with an average flooding depth of 0.55 and a duration of 3-6 

hours based on the survey. However, the model results for the 

polder system indicate that the flowing channels were 

reduced to 15 with an average flooding depth of 0.12 and a 

duration of 1-2 hours. 
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