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Abstract— To overcome the problem of flooding and the puddle 

of water in the city of Surabaya, the Surabaya City Government 

has now implemented several policies, namely: controlling flood 

discharge, decreasing flood water level elevations and reducing 

the puddle of water (length, height, extent and frequency of 

inundation) with activities that support policy These include 

channel construction, channel normalization, channel dredging, 

construction of boezem, manufacturing of biopori and infiltration 

wells, and also improvement of other drainage facilities 

(construction of pump houses and sluice gates). Based on the 

analysis of the primary channel capacity of the Wonorejo in the 

existing condition, it was not able to drain the Q2th flood 

discharge, it can be seen that the water level is higher than the 

elevation of the right and left dykes with a water level of ± 0.6 m. 

Flooding that occurs in the Wonorejo primary channel is caused 

by an insufficient cross-sectional capacity to drain the flood 

discharge due to irregular channel bases which can reduce the 

channel cross-sectional area. Of the several conditions the 

floodgates/water gates is opened starting from 0.5 m to 1 m, the 

most suitable for the conditions is when the water gate is opened 

0.75m the puddle occurs in the Kedungbaruk area until Rungkut 

times with a puddle height of 5cm to 30cm from the existing cliff 

dyke (when flowing Q10th discharge). To overcome the 

inundation, it is necessary to install a dyke with a height of 0.50 

m along the Kedungbaruk area until Raya Rungkut. The cross 

section of the channel is able to accommodate the flood discharge 

of Q2th and Q5th. In Q10th the water level was above the right 

and left dykes with a height of 0.10 m at a distance of 0.3 km 

from the sluice gate 
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I. INTRODUCTION  

Currently, in the city of Surabaya, there are 45 (forty-five) 

flood pump houses spread throughout the region. One factor in 

determining the location of a flood pump is the presence of a 

sewer, the closer the flood pump is to the discharge channel, 

the water collected in each area can be pumped to a larger 

channel, for example from a tertiary channel to a secondary 

channel, or from a secondary channel to a channel primary, or 

primary channel to the body of water. However, after the 

activity is implemented the results are still not as expected. In 

fact, there are still puddles in the area of facilities and 

infrastructure services that have been built, especially in 

relation to the construction of pumping houses, as is the case 

with the fulfilment of drainage facilities for water pumping 

houses for flooding in the Wonorejo Drainage System 

area[1;2;3].  

Based on the puddle of water map in 2010, the Wonorejo 

area is one area that is still prone to the puddle of water. 

Puddles in several locations still cannot be handled completely 

even though there are already several flood pump houses in 

the area. Therefore, it is necessary to study the Pump House 

Along the Wonorejo River to Overcome Floods in Surabaya 

City.      

 

 

 

 

 

 

 

 
 

Fig. 1. Location of the Study Drainage System 

II. THEORITICAL REVIEW 

A. Hydrological Analysis 

a. Opportunity Distribution 

1. Pearson Type III Distribution 

The Pearson Type III Distribution Calculation is done 

using the following equation: 

             SkXX .+=                                            (1) 

 Where : 

X  = the magnitude of an event 

    X  = average value 

   S   = standard deviation 

 k = the factor of the Pearson Type III 

distribution which is a function of the 

amount of Cs and opportunities 

2. Normal Log Distribution 

Normal Log Distribution Calculation is done using 

the following equation: 

 XSkLogXLogX log.+=                      (2) 

Where : 
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        X  = the magnitude of an event 

  LogX = average value 

SLogX  = standard deviation 

       k = the factor of the Normal Log 

Distribution which is a function of 

the amount of Cs and 

opportunities 

b. Match Test 

Parameter testing is used to determine the suitability of 

the data sample frequency distribution to the probability 

distribution function which is estimated to represent the 

frequency distribution. Parameter testing consists of two 

methods, namely [4;5]: 

1. Chi-Square 

2. Kolmogorof Smirnov 

The Kolmogorof Smirnov test is often called a non-

parametric match test because the test does not use a 

particular distribution function. After getting the maximum 

rainfall data with a certain return period, it can analyze the 

rain plan using the Normal (Gauss) Distribution method, 

the Gumbel method and the Log Pearson type III method 

as follows: 

a). Pearson Type Log Method III 

b). Gumbel method 

c). The flood discharge plan used in this study uses the 

Rational method:                                       

                                 Q = 1 / 3.6 C I A                              (3) 

 

Where: Q = flood discharge plan (m3 / s) 

                              C = Flow Coefficien 

                              A = area of watershed (watershed) (km2) 

 

B. Hydraulic Analysis 
     Channel Capability 

Almost all channels in the Wonorejo – Rungkut drainage 

system network have a trapezoidal section as in Figure 2.  

 

 

 

 

 

 

 

 

 

 
Fig. 2. Trapezoid Channel-Shaped Cross-sectional Images 

Where is the wet cross-sectional area of the channel: 

( )hhzbA ..+=                                           (4) 
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Where : 

Vs = Flow speed 

ng = number of the roughness of the walls and 

bottom of the channel 

z = slope of the channel 

h = depth of the channel 

S = base (longitudinal) slope of the channel 

 

III. METHODS 

The steps needed to compile this research are as follows 

[6;7]: 

1. Literature study 

2. Collection of data, both primary data and secondary data. 

Secondary data: daily rainfall data at each station, 

longitudinal pieces, cross sections, topographic maps 

Primary Data: Measurement of flow velocity in the 

Wonorejo channel 

3. Analyze the rainfall plan data 

4. Schematic model of the Wonorejo river 

5. Formulation of river water level modelling in existing 

conditions using the Hec-Ras Method [5]. 

6. To test what modelling is already appropriate, it is 

necessary to test the model 

7. If the testing of the model produces a form of water level 

elevation in accordance with the existing conditions, then 

the formulation of the model can be used. Conversely, if 

the modelling deviates from the existing conditions, it is 

necessary to do modelling improvements again. 

8. After getting the appropriate modelling, then to check the 

robustness of the model by applying the model on the 

Wonorejo river 

 

A. Data Collection 

All supporting data in this research activity were obtained 

from the Brantas River Basin (BBWS) and the Surabaya City 

Government's Flooding and Flooding Service. The data 

needed to do modelling is secondary data. Data collection 

consists of 2 forms of data, namely: Secondary data and 

primary data. 

1. Secondary data collection 

Secondary data collection activities include: 

a. Topographic maps 

Topographic maps are very important in this study, 

maps that have been obtained with a scale of 1: 25000, 

if there is a more detailed map with a larger scale it will 

be used as input. 

b. Lengthening and Transverse Measurements 

Measurement data is needed to obtain the condition of 

the river geometry and contour. Longitudinal and 

transverse measurements are carried out along the 

Wrati and Bangiltak with a distance between 50 m 

points or stakes. 

c. Daily rainfall data 

The Kali wrati River Basin has 3 rain stations, namely 

Gunung Sari Station, Rungkut and Sukolilo Stations. 

Daily rainfall data for each station is at least 10 years. 
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2. Primary data collection 

a. Identification 

- identification of a water pump house 

- identification of secondary channels 

 

B. Data Analysis 

Preparation of input data for the HEC-HMS model [5]. 

In the analysis phase, the process of entering the 

parameters needed in the HEC-HMS model from various 

existing data will be carried out. The first stage includes the 

Wonorejo catchment area map as the model background. The 

next step is to enter the required parameters based on the 

condition of the study area. In the analysis of input data used 

is the plan rain data. After all, parameters are entered in the 

model, the next step of the model simulation process whose 

results (synthesis unit hydrograph) will be used in the design 

of the Wonorejo river improvement [8;9]. 

IV. ANALYSIS 

A. Regional Average Rainfall Analysis 

Rain data obtained from rain gauge is rain that occurs only 

at one place or points only (point rainfall). Rain data needed 

for hydrological analysis has collected rainfall data throughout 

the year. Starting from 2000–2011 on four rain stations, 

namely: 

1. Kebon Agung Station 

2. Wonorejo Station 

3. Gunungsari Station 

4. Keputih Station 

B. Analysis Of Rainfall Plan 

Regional rainfall that has been calculated with the 

Arithmetic method will then calculate the maximum daily 

rainfall plan by using the probability statistical method with 

several methods namely Gumbel distribution method, Pearson 

type III, and Normal Log. The distribution requirements are 

based on the Skewness and Kurtosis Coefficient values [10].  

The Wonorejo watershed is more suitable to use the 

Pearson Type III Log distribution because there is no 

Skewness coefficient and kurtosis coefficient that is close to 

the Gumbel distribution and Normal distribution requirements. 

C. Modelling Using HEC-Ras Program 

Data input needed in HEC-RAS, are: 

a)    River/channel model 

b)    Cross section of river or channel section data (channel 

dimension, elevation) 

c)    Manning Coefficient (n) 

d)    Flood discharge data plan (Q plan) 

e)    Additional data (if there are other water structures. 

Data on pumps, sluice gates, overflows, bridges, 

bending, etc.). 

These data are entered to conclude the river information 

studied. Starting from waterlogging data, channel dimensions 

and river capacity can be known. Data input to run this 

program is: 

1.  River/channel model (river reach, junction) 

2. Data cross-section section / channel (channel 

dimensions, elevation) 

3.  Manning coefficients (on the left embankment, base of 

the right channel and embankment) 

4.  Discharge flood plans 

5.  Channel downstream limit 

6.  Pump location 

7.  Pump distance to the channel 

8.  The max water level elevation when the pump is turned 

on and the minimum water level elevation when the 

pump is turned off 

9.  Pump capacity data 

10. Other additional data, if there are other water structures 

Existing conditions analyzed are Channel Wonorejo, 

Wonorejo I water pump I and Wonorejo II water pump. The 

debit used as data input is the Rational plan flood discharge.  

The boundary on Wonorejo Channel is as follows: 

a. In the Wonorejo Channel area: 

1.  The upstream part of debit data 

2.  Along the Wonorejo channel, there are streams from 

the secondary slopes, namely Prapen, Saronojiwo, 

Channel Raya Rungkut, etc. 

b. In Pump 1 area (Jemursari-Prapen Channel): 

1.  At the upstream part of the operational discharge of 

the Kebon Agung watergate 

2.   At the downstream part of the Prapen water pump 

c. In Pump Area 2 (Rungkut Channel): 

1.  At the upstream part of the flood discharge data 

2.  At the bottom of the water pump. 

 

D. Model Application 

When the Rungkut water pump was operationalized, the 

flood discharge plan Q2th water level is located below the 

elevation of the embankment, which means that there will be 

no flooding along the Rungkut channel. The installation of the 

sluice gate in the Wonorejo channel is planned to be located 

downstream from the Wonorejo 1 pump with a distance of ± 

30m [11]. In the installation of sluice gates that need to be 

reviewed are: 

a)    When the sluice door is closed 

b)    When the water door is opened 0.75m 

c)    When the water door is opened 1 m 

 

1.    At the Condition of the Wonorejo Water Gate close  

 
Fig. 3. The condition of the Wonorejo sluice is closed 
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Fig. 4. Flow profile on the condition of the Wonorejo sluice is 

closed 

 
In figure 4. it can be seen that the water level exceeds 

the Wonorejo channel embankment with an altitude 

of ± 0.6 m, the inundated area ranging from tenggilis 

to Raya Rungkut. The water pump at Wonorejo 1 

was turned on all but was unable to drain or withdraw 

the Q2th flood discharge. 

1. The condition of the Water Gate is opened 0.75 m 

 
Fig. 5. Condition of the door The water is opened 0.75 m 

 

 
Fig. 6. Profile flow in the Wonorejo channel when the door is 

opened 0.75 m 

 
In this condition (see figure 4.5) the channel section 

is able to accommodate the flood discharge of Q2th 

and Q5th. In Q10th the water level was above the 

right and left dykes with a height of 0.10 m at a 

distance of 0.3 km from the sluice gate 

3. Condition of the Water Gate is opened 1m 

 
Fig. 7. Condition of the water gate opened 1m 

 
Fig. 8. Profiul flow in the Wonorejo channel when the door is 

opened 1m 

 

In Figure 8 the floodgates opened 1m of flooding 

occurred in the downstream part which is located in 

the area around Nirwana and Wonorejo Housing with 

a 5 cm inundation height, this is due to the flow of 

water directly flowing in the Wonorejo 3 channel 

which results in a cross-sectional capacity unable to 

accommodate the flood discharge. 

V. CONCLUSIONS 

Conclusions from the optimization of flood pumps in 

Wonorejo watershed pump in the Wonorejo in Surabaya are: 

1. Pump performance, in general, cannot be assessed from the 

pump condition itself but must be assessed from the 

drainage system on the supplier channel as well as the 

recipient channel and even concerning the effect of the 

pump operation on the downstream area in the form of 

structural and non-structural (social) impacts. Therefore, 

this study discusses more the ability of channels in the 

system than the conditions of each pump. 

2. From a number of conditions the sluice is opened starting 

from 0.5 m to 1 m, the most suitable for the conditions in 

the field is when the water gate is opened 0.75 m of 

inundation occurs in the Kedungbaruk area until Rungkut 

times with a puddle height of 5 cm to 30 cm from the 

existing embankment cliff. To overcome the inundation, 

we need to install embankments with a height of 0.50 m 

along the Kedungbaruk area to Raya Rungkut 

3. At a water level of +3.6 the Wonorejo 1 water pump 

operates 3 pumps and when the water level is +4.12 the 

water pump in Wonorejo 1 is turned on all to prevent 

flooding. 
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