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Evaluation of Pump Capacity in Pancasila Pumping Station, Madiun City, East Java Novi Andriany Teguh1,a), Umboro Lasminto1 , Anak 

Agung Ngurah Satria Damarnegara1, Mohamad Bagus Ansori1 1)Civil Engineering Department, Institut Teknologi Sepuluh Nopember 

(ITS), Surabaya, Indonesia. Correspondent: a)andrianynovi@gmail.com ABSTRACT Madiun River catchment area is widely known for 

flooding in the rainy season. There is an embankment built to prevent the flood from entering the city. With the existence of the 

embankment, pumps are required to discharge the rainwater from the urban drainage channel into the river. The pumps located in the 

pumping stations are spread across the Madiun City. Each pumping station has a different capacity and different catchment areas. 

Nevertheless, its capacity is not sufficient to discharge the water flowing from the drainage channel into the river without causing flood in the 

city. Hence, the evaluation of pump capacity is necessary. In this study, a case study of Pancasila Pumping Station as a pumping station 

with the biggest catchment area is taken. From the rainfall data, flood discharge in the inlet of the pumping station is calculated using a 

synthetic unit hydrograph of the Nakayasu method. The capacity of the pump will be evaluated using the resulted flood discharge, whether 

the capacity is sufficient or not. Furthermore, the necessary pump quantity, the pump capacity, the operational hours, and the volume 

storage needed will be calculated. The results are: maximum flood discharge with a return period of 10 years is 20.206 m³/s, the existing 

pump capacity is only 1,000 litre per second while the required pump capacity is 5 m³/s with the quantity of two units, both operated in the 

same time for 8 hours and one unit is operated for the ninth hour, equipped with a storage volume of 102,017 m³. Thus, the addition of 

pump capacity is necessary. Keyword : Madiun, flood, pump capacity, storage, synthetic unit hydrograph. INTRODUCTION The facility is 

an important component of life. Facilities must be well managed throughout their lifetime to be able to work properly (Soemitro & 

Suprayitno, 2018). Infrastructure Asset Management (IAM) is a program and knowledge to manage the infrastructure through its life cycle to 

be able to function sustainably well, economically, efficiently, effectively and in  conformity with sustainable principle (green principle: social, 

economic, environmental) (Soemitro & Suprayitno 2018; Suprayitno & Soemitro 2018). The Infrastructure Life Cycle is started from the Idea 

of Infrastructure Need, followed by Infrastructure Planning, Infrastructure Design, Infrastructure Construction. After the Infrastructure has 

been constructed, the Infrastructure then can be utilized, means operated and maintained. But, beforehand, the infrastructure needs to be 

certified and administrated during utilization, each time the infrastructure needs to be evaluated for developing annual infrastructure 

program. At a certain condition, the infrastructure can be disposed, if the infrastructure is no longer needed to serve the Served Region 

(Suprayitno & Soemitro, 2019). Infrastructure evaluation is about evaluating the infrastructure related to the operation, maintenance, the 

function performance, the evaluation result is needed to formulate the next infrastructure program on development, operation and 

maintenance (Suprayitno & Soemitro, 2018). Flood pump is one of the river's infrastructures. River infrastructure itself includes not only 

upstream infrastructures such as dam and reservoir, but also downstream infrastructures such as irrigation systems, hydropower, and 

industrial process. The river has many functions in various aspects. It becomes a primary drainage system in the certain catchment area 

which functions as water storage. Therefore, the river plays an important role in flood and inundation occurrences (Maulana, Suprayitno & 

Soemitro, 2019). The Madiun River is a river in East Java, Indonesia. It is the largest tributary of the Bengawan Solo River watershed which 

is the longest river in Java Island. Its name indicates that it passes through the major Madiun City. The Madiun River flood pump is not 

functioning properly, proofed by the occurrence of floods every rainy season, so an evaluation of pump capacity is necessary. This study 

was conducted to improve the function of the performance of the Pancasila Pumping Station facility to overcome the flood in Madiun City. 

Besides, this study also aims to advance the knowledge of management asset infrastructure and facility. RESEARCH METHOD This study 

was conducted by following these steps: background statement, research objective statement, research method, literature review, data 
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collection, research analysis and finalized by conclusions. 
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LITERATURE REVIEW Log Pearson Type III Distribution The Log Pearson type III distribution, recommended by the U.S.  Water Resources 

Council (USWRC) in 1967, and subsequently updated in 1975, 1977 and 1981 as the base method of flood frequency analysis in the United 

States, has been widely used in many parts of the world (Arora & Singh, 1989). Maximum design rainfall is the largest annual rainfall that 

may occur in an area within a certain return period. In this study, the calculation of the maximum design rainfall was using the Log Pearson 

III method with the consideration that this method is suitable for a variety of skewness coefficient and kurtosis coefficient. Moreover, this 

method is more flexible and can be used for all data distribution. The log-Pearson Type III distribution was developed as a method of fitting 

a curve to data, its use is justified by the fact that it has been found to yield good results in many applications, particularly for flood peak 

data (Chow et al., 1988). The steps to calculate the design rainfall are as follows: 1. Change the maximum daily rainfall data into the 

logarithmic form. 2. Calculate the average of the logarithmic data with the equation: (log?X ) ???= (?_(i=1)^n?log??X_i ? )/n? … (1) 3. 

Calculate the standard deviation (S) with the equation: S=?((?_(i=1)^n??(logX_i-(log?X ) ?)?^2 )/(n-1)) … (2) 4. Calculate the coefficient of 

skewness (Cs) with the equation: C_S=(n ?_(i=1)^n??(logX_i-(log?X ) ?)?^3 )/((n-1)(n-2)(S^3)) … (3) 5. Calculate the logarithm amount of 

X_T according to the equation: log??X_T=(log?X ) ?+K_T.S? … (4) Where K_T is a function of Cs and recurrence interval, the values are 

listed in the following table. Table 1. KT values for Pearson Type III distribution Cs Return Period (year) 2 5 10 25 50 100 KT 0.1 -0.017 

0.836 1.292 1.785 2.107 2.4 0 0 0.842 1.282 1.751 2.054 2.326 source: Chow et al., 1988 6. The amount of rainfall design is the anti-log of 

log X_T The Rational Mononobe Method The Rational Method is adopted to calculate rainfall discharge because it can be used for 

relatively narrow drainage areas. There is no consensus regarding the upper limit of a small catchment, values ranging from 0.65 to 12.5 

km2 have been quoted in the literature, the current trend is to use 1.3 to 2.5 km2 as the upper limit for the applicability of the rational 

method (Ponce, 1989). The general form of Rational equation is as follow. Q= 1/3.6 C I A … (5) On early 1976, Mononobe equation was 

introduced in Indonesia and become familiar with hydrology design for calculating rainfall intensity at any time (Priambodo et al., 2019). 

Rainfall intensity (I) express the amount of rainfall in a certain period, in units of mm per hour. The form of the equation is as follow. I= 

R_24/24 (24/t_c )^(2/3) … (6) The primary input is the maximum daily rainfall data (R24). In this study, the maximum rainfall used is ten 

years return period rainfall (X_(T=10)) resulted from Log Pearson Type III method. To estimate the design flood hydrograph with the unit 

hydrograph, it is necessary to know the distribution of hourly rainfall within a time interval. Because the observation data of rain distribution 

is not available, the modified Mononobe formula is used for the calculation. Based on Van Breen's research in Indonesia, especially in Java 

Island, rainfall is concentrated for 4 hours with a total rainfall of 90% of the total rainfall for 24 hours. The equation is used to estimate the 

distribution of hourly rainfall for 1 mm of rain. R_T= R_24/t (t/T)^(2/3) … (7) Where: RT = average rainfall intensity in T hour (mm/hour) R24 

= effective rainfall in 1 day (mm) t = time of concentration (4 hours) T = time of rainfall (hour) The percentage of average hourly rainfall 

intensity can be calculated using the formula below. R_t=(T.R_T )-((T-1) R_(T-1)) … (8) This percentage is multiplied by the net rainfall so 

that the distribution of the rain of every hour is obtained. Net rainfall is the total rainfall that resulted in direct runoff. This direct runoff 

consists of surface runoff and interflow (water that enters the thin layer below the surface of the soil with low permeability, which comes out 

again in a lower place and turns into surface runoff). R_n=? .X_T … (9) Where: Rn = net rainfall (mm) ? = coefficient XT = rainfall intensity 

(mm) 
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Nakayasu Synthetic Unit Hydrograph Method Nakayasu synthetic unit hydrograph method in the application at 32 watersheds in Java, 

Indonesia, shows the average 22 % error of hydrograph’s shape and 9% error of peak discharge (Safarina  et al., 2011). Moreover, 

Nakayasu synthetic unit hydrograph method has been repeatedly applied in East Java, especially in the Brantas river watershed. Until now, 

the results were quite satisfying. The use of this method requires several characteristics of parameters as follows: Duration from the 

beginning of the rain to the peak of the hydrograph (time of peak, tp) Duration from the point of heavy rain to the centre of weight 

hydrograph (time lag, tg) Hydrograph timeframe (time base of the hydrograph, tb) Catchment area (A) The longest length of the channel 

Flow coefficient (C) The formula of the Nakayasu synthetic unit hydrograph is: Where: Qp = Flood peak discharge (m3/s) Ro = unit rainfall 

(mm) Tp = Time for reaching the peak discharge (hour) T0,3 = Time required for a decrease in discharge, from the peak to 30% of the peak 

(hour) A = Catchment area (km2) To determine Tp and T0,3, the approached formula is used as follows: Where: t_g = Time from the 

beginning of rainfall to the peak flood discharge (hour) t_r = Duration of rainfall (hour) ? = Hydrograph parameter, with criteria as follow: a. 

In the usual drainage area, ? = 2 b. The ascending hydrograph section is slow, descending fast: ? = 1.5 c. The ascending hydrograph 

section is fast, descending slow: ? = 3 In calculating t_g, there are two conditions: If the river length is below 15 km (L 15 km): 

t_g=0.40+0.058 L … (15) The equations for the hydrograph synthetic curve are divided into two parts: The rising curve, where 0?t?T_p 

Q_((t))=Q_p [t/T_p ]^2.4 … (16) The falling curve Where T_p?t(T_p+T?_0.3 ?+ 1.5 T?_0.3) Q_((t))=Q_p ?0.3?^(((t-T_p+0.5T_0.3))/(2.0 

T_0.3 )) … (19) The above formulas are empirical, its application to a watershed must be preceded by a selection of suitable parameters ?, 

T_p, and rain distribution patterns to obtain a hydrograph pattern that matches the observed flood hydrograph. Flood hydrograph is 

calculated with the following equation: Q_((t))=?_(i=1)^n??U_i P_(n-(i-1)) ? … (20) Where: Q_((t)) = Flood Discharge at the t-hour U_i = 

Ordinate unit hydrograph (i = 1, 2, 3 ... n) P_n = Net rainfall for successive times (n = 1, 2, ... n) The Mass Curve Method The mass curve 

has many useful applications in the design of storage capacity, such as determination of reservoir capacity, operations procedure, and flood 

routing (Bharali, 2015). A mass diagram is the plot of accumulated inflow (i.e.  flood discharge) or outflow (i.e. pumping discharge) versus 

time. The procedure to construct such a diagram is as follows: From the records, determine the hourly flood discharge (Qflood) for all 24 

hours for typical days (using data of 10 years return period Synthetic Unit Hydrograph). Calculate and plot the cumulative inflow against 

time, and thus plot the mass curve of inflow. ?I_1=(Q_(flood 1)+Q_(flood 0))/2 x ?t x 3600 … (21) I_1=I_0+?I_1 … (22) Determine the pump 

capacity required (Qpump) and the operational procedure. Calculate and plot the outflow against time. ?O_1=(Q_(pump 1)+Q_(pump 0))/2 

x ?t x 3600 … (23) O_1=O_0+?O_1 … (24) The maximum amount of water drawn from the storage is the difference between supply and 

demand volumes from the beginning of the dry season (Subramanya, 2008). Read the storage volume as the sum of the two maximum 

ordinates between inflow and outflow line. S=I-O … (25) Determine the maximum storage required. DATA COLLECTION Data collected in 

this study include not only secondary data, such as rainfall data and maps of the catchment area, but also primary data which are data 

earned from the field survey, such as pump capacity, pump quantity, and the conditions around the pumping station. Table 2. Maximum 

rainfall data year 1976-2005 Year Max. Rainfall (mm) Year Max. Rainfall (mm) Year Max. Rainfall (mm) 1976 145 1986 83 1996 67 1977 83 

1987 95.5 1997 90.5 1978 87 1988 96 1998 101.5 1979 145 1989 94 1999 105 1980 93.5 1990 99.5 2000 132.5 1981 104 1991 103.5 

2001 112.5 1982 87 1992 107 2002 99.5 1983 129 1993 115 2003 80.5 1984 124 1994 117.5 2004 85 1985 129 1995 96 2005 70 Table 3. 

Hydrological data for analysis Parameter Unit Data Name of watershed - Pancasila River length km 5.16 River flow velocity km/hour 1.832 

Time of concentration (Tc) hour 2.815 Coefficient, ? - 0.716 Catchment area (A) km² 2.86 Upstream elevation (H1) m 79.816 Downstream 

elevation (H2) m 68.449 River slope (I) - 0.002 Existing pump capacity litre/s 1000 Figure 1. Pumping stations located in Madiun City Figure 
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2. Channel (left) and mobile pump (right) in Pancasila pumping station RESEARCH ANALYSIS Estimating maximum design rainfall The 

design rainfall for a watershed is obtained from the rainfall data from the Madiun rain gauge station in 30 years (1976-2005). Rainfall data 

used in the estimation of design rainfall is daily maximum rainfall data. It is selected annually for the highest rainfall event. Log Pearson 

Type III is used as the method to estimate the design rainfall. From the distribution data analysis using Chi-Square test and the Smirnov-

Kolmogorov test, it was found that the suitable results were given from the Log Pearson Type III method. With the average of the 

logarithmic data ((log?X ) ?) of 2.003, a standard deviation of 0.084 and Cs value of 0.045, the following table shows the calculation of 

maximum design rainfall for the return period of 2, 5, 10, 25, 50, and 100 years. For 10 years return period, the maximum design rainfall is 

129.296 mm. 
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Estimating the discharge due to rainfall Calculating the rainfall intensity using Mononobe Method and the discharge using the Rational 

Method (return period of 10 years) I= R_24/24 (24/t_c )^(2/3)=129.296/24 (24/2.815)^(2/3)=22.48 mm/hour Q= 1/3.6 C I A=1/3.6 x 0.716 x 

22.48 x 2.86=12.80 m^3/s Determining the hourly rainfall distribution based on eq. (7) and eq. (8), then calculate the net rainfall using eq. 

(9). The results are shown on the table below. Table 5. Hourly rainfall distribution t (jam) Rt (%) Rt x Rn (mm) 1 62.996% 58.363 2 16.374% 

15.170 3 11.486% 10.641 4 9.144% 8.471 100% 92.645 Determining synthetic unit hydrograph (SUH) using Nakayasu Method Before 

determining the synthetic unit hydrograph, the crucial times are necessary to be calculated. Using eq. (11) until eq. (14), the time 

parameters are defined and shown on the table below. Table 6. Time parameter for Nakayasu Method Parameter Time (hour) Tg 0.662 Tr 

1.000 Tp 1.462 T0.3 1.987 Tp + T0.3 3.449 Tp + T0.3 + 1.5 T0.3 6.430 Tp + T0.3 + 1.5 T0.3 + 2 T0.3 10.404 Determining the synthetic unit 

hydrograph based on the time parameters above. After that, hourly rainfall can be calculated. The flood discharge can be estimated while 

the baseflow is assumed to be zero. The result is shown in the following table and figure.  Table 7. Flood discharge based on Nakayasu 

SUH Figure 3. Flood discharge hydrograph Determining the required pump capacity and storage volume The objective of this study is 

evaluating the pump capacity to improve its performance during the flood event. The existing pump capacity is 1000 l/s or 1 m³/s, while the 

required pump capacity is more than that. Calculation of the pump capacity and the operation scheme of the pump are all based on the 

flood discharge as inflow with an assumption that the baseflow is zero. The outflow is the volume of the water pumped. Determining the 

storage needed can be done by calculating the difference between inflow and outflow, if the outflow is greater than inflow then the storage 

needed is zero. Trials and errors are performed to get the most efficient storage volume. Figure 4. Hydrograph and storage curve Table 8. 

Pump operation and storage volume calculation CONCLUSIONS This study concludes that the ordinate of the flood discharge with ten 

years return period calculated by the Nakayasu Method in the Pancasila watershed is 20.206 m³/s. It is also estimated that the Pancasila 

watershed requires 2 units of pumps with the capacity of 5 m³/s each and a reservoir with a volume of 102,017 m³. Considering the existing 

pump capacity which is only 1 m³/s, the recommendation that can be given from this study is the necessity to increase the pump capacity at 

the Pancasila pumping house. Increasing the capacity of the pump must also be equipped with an adequate volume of storage. 

Furthermore, an additional capacity of floodgates is needed because the current floodgates are not sufficient. 
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