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ABSTRACT:At GunungBatu Housing on Jalan Madura, Sumbersari District, Jember Regency, when there is 

quite heavy rain, there are often quite a lot of puddles around the road, so that water overflows onto the 

highway and becomes a puddle which is very disturbing to road users. To overcome this, one of the steps that 

need to be taken is to evaluate the drainage system of the residential area. From the evaluation results, it can be 

concluded that the capacity of the drainage channel (existing discharge) in GunungBatu housing is in channel 

1, channel 2, channel 5 and 6 of 0.108 m³/second, and channel 3 and 4 of 0.022 m³/second. The runoff discharge 

in the GunungBatu residential area in each channel is based on the total of rainwater discharge and dirty water 

discharge, which is 3.0037 m/sec. The dimensions of the channel in order to accommodate the runoff discharge 

are for one channel, the channel width is 50 cm and the height is 50 cm. cm. Channel two, channel width of 60 

cm with a height of 60 cm. Channel three, channel width 65 cm and height 65 cm. Channel four, channel width 

of 75 cm and height of 75 cm. Channel five, channel width 70 cm and height 75 cm. Channel 6, the width of the 

channel is 90 cm with a height of 95 cm. It is recommended that channel widening be done to reduce inundation 

that often occurs in the residential area, and it is necessary to clean each channel so that there is no garbage 

that clogs the flow of water in each channel. 
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I. INTRODUCTION 
Drainage is a system designed to deal with the problem of excess water, both excess water above the 

ground surface and water below the ground surface. Excess water or flooding can be caused by high rainfall 

intensity or as a result of a long duration of rain. analysis of intensity, duration and frequency required data 

series obtained from rain data [1]. The peak time of the flood is more in line with the characteristics of the 

watershed. [2] In general, drainage is defined as the study of efforts to drain excess water in an area [3]  

Jember Regency is one of the capitals of East Java Province which is experiencing rapid development. 

It is one of the most densely populated areas. Housing development is one of the factors that affect population 

density. Rainwater that falls to the ground surface will be difficult to seep into the ground because the land 

which was originally a natural environment that can absorb rainwater has now turned into a residential area. 

Because the imbalance between road distribution and resistance is getting smaller, the portion of rainwater 

runoff increases and creates a critical flow in the existing channel. Critical flow in an open channel can occur 

because the channel bottom elevation is reduced [4,5], reduced channel cross-sectional area [6,7] and raised 

channel base [8,9]. 

At GunungBatuPermai Housing on Jalan Madura, Sumbersari District, Jember Regency, when there is 

quite heavy rain, there are often quite a lot of puddles around the road, so that water overflows onto the highway 

and becomes a puddle which is very disturbing to road users, and vice versa. During the dry season, the 

residential area suffers from water shortages. Therefore, to overcome this, one of the steps that need to be taken 

is to show the rainwater management system in an area in the context of water conservation, namely by paying 

attention to the drainage system of the residential area. 
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II. METHODOLOGY 
 

Research Site 

The research site is located in the GunungBatuPermai Residential area, which is on Jalan Madura. 

Jember Regency, the complete location data is presented in Figure 1. 

 

 
Figure 1 :Research Location 

 

Research Flowchart 
The flow chart in this study which illustrates the study of the evaluation of the drainage network system 

in housing in urban areas is presented in Figure 2. 

 
Figure 2. Research flowchart 

 

Data Collection 

Data collection is divided into 2, namely primary data and secondary data. Primary data collection is 

the collection of data obtained directly from the field, while secondary data is data collected indirectly or data 

sourced from publications of local government agencies. The data needed for this thesis are as follows:  

1)  Secondary data:  

- Rainfall data for the last 10 years  

- housing site plan  

2)  Primary data:  

- Existing channel data  

- Measurement of height difference using a waterpass 

No 

Yes 
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Data Analysis  

a. Existing Debit Calculation 

Qs = As. V  

Which:  

As = Channel cross-sectional area (m2)  

V = Average water velocity in the channel (m/detik) 

Average water velocity in the channel , can be calculated using Manning formula as following:  

V = 
1

𝑛
𝑅

2

3𝑆
1

2 

R = 
𝐴𝑠

𝑃
 

Which :  

V   = Flow Velocity  

N   = Manning Roughness Coefficient  

R   = Hydraulic radius (m)  

As = Channel cross-sectional area (m2)  

P   = Wet Circumference (m) 

b.   Rough water discharge calculation 

Using formula below 

Q = (((a x b) / (24 x 60 x 60)) x c )x 70% 

Which : 

a = each person usage per day 

b = number of people in each house 

c = number of houses in each channel area 

c.   Surface flow discharge / runoff discharge calculation 

Q = 0,278 x C x I x A 

Which :  

C = flow rate 

I = Rainfall intensity 

A = Area  

 

d.   Final result 

Calculation of channel dimensions is based on the discharge that must be accommodated by the channel (Qs 

in m
3
/second) greater than or equal to the discharge 

 

III. RESULTS AND DISCUSSION 
Area Rainfall Distribution 

The rainfall required for the preparation of the Drainage Channel Evaluation task at 

GunungBatuJember Housing is the average rainfall from the observation points in this case the Bintoro rain 

station, Wirolegi rain station and Renes rain station.  

Determination of observation points or rain stations based on the calculation of the area of influence of 

each observation point or rain station using the Teisen polygon method. The city of Jember has several 

observation points or rain stations scattered in various places. The way to find the area of influence of each 

observation point or rain station is to connect each observation point or adjacent rain station with a straight line 

and then determine the midpoint of the associated line with a perpendicular line. 

 

Frequency Analisis 

Frequency analysis is an analysis of the repetition of an event to predict or determine the return period 

along with its probability value. Rain data is monthly rain data for 2009 - 2018 from the Bintoro rain station, the 

Wirolegi rain station and the Renes rain station. The monthly rainfall data mentioned above are presented in 

Tables 1,2 and 3. 
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TAB.1 Monthly Rain Data InRenes Station 

Rain Station1RENES 

No Year Jan Feb Mar Apr May Jun Jul Ags Sep Okt Nov Des Total(m

m) 1 2009 182 256 183 213 160 36 33 0 23 98 191 127 1502 

2 2010 490 324 307 355 296 130 167 105 276 264 296 221 3231 

3 2011 313 275 174 400 239 4 0 0 0 0 125 142 1672 

4 2012 355 469 406 205 152 31 50 0 0 85 68 383 2204 

5 2013 745 158 191 187 137 228 103 5 0 100 183 447 2484 

6 2014 351 141 202 0 0 0 0 0 0 0 0 0 694 

7 2015 359 251 162 288 8 38 0 0 0 0 127 210 1443 

8 2016 250 442 161 133 276 302 60 82 117 190 189 384 2586 

9 2017 186 173 143 152 139 35 3 0 34 99 374 311 1649 

10 2018 470 165 168 93 98 22 0 0 8 0 0 176 1200 

Average 370.1 265.4 209.7 202.6 150.5 82.6 41.6 19.2 45.8 83.6 155.3 240.1 1866.5 

Maximum 745 469 406 400 296 302 167 105 276 264 374 447 3231 

Minimum 182 141 143 0 0 0 0 0 0 0 0 0 694 
               

Tab. 2Monthly Rain Data In Bintoro Station 

 Rain Station 2BINTORO 

No Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Total 

1 2009 440 185 120 80 75 25 0 0 25 25 220 125 1320 

2 2010 430 277 205 247 250 75 20 0 157 210 105 325 2301 

3 2011 350 200 277 132 153 32 0 0 5 147 279 418 1993 

4 2012 351 143 60 109 69 0 18 0 0 75 94 425 1344 

5 2013 329 150 323 160 150 85 10 0 0 85 190 402 1884 

6 2014 242 177 205 228 42 16 0 0 0 0 224 465 1599 

7 2015 237 250 280 165 16 0 0 0 0 0 147 183 1278 

8 2016 117 260 117 161 75 75 110 75 66 138 297 216 1707 

9 2017 270 155 137 212 35 40 5 0 47 142 237 176 1456 

10 2018 272 483 19 80 0 21 0 0 10 0 0 316 1201 

Average 303.8 228 174.3 157.4 86.5 36.9 16.3 7.5 31 82.2 179.3 305.1 1608,3 

Maximum 440 483 323 247 250 85 110 75 157 210 297 465 2301 

Minimum 117 143 19 80 0 0 0 0 0 0 0 125 1201 

 

TAB.3 Monthly Rain Data InWirolegi Station 

Rain Station 3BINTORO 
No Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Total 

1 2009 254 280 64 90 55 0 7 6 0 9 106 57 928 

2 2010 232 266 74 257 191 31 116 2 81 126 86 158 1620 

3 2011 178 150 255 148 116 0 40 0 2 36 129 307 1361 

4 2012 224 160 241 46 48 18 37 0 0 9 19 54 856 

5 2013 186 28 113 128 100 111 47 0 0 37 83 194 1027 

6 2014 338 137 129 0 0 0 0 0 0 0 0 0 604 

7 2015 98 128 215 89 31 2 0 0 0 0 100 178 841 

8 2016 151 424 169 79 38 62 51 84 31 206 217 326 1838 

9 2017 211 163 264 161 126 160 8 0 53 217 429 399 2191 

10 2018 589 333 88 227 4 0 0 0 75 0 0 170 1486 

Average 246,1 206,9 161,2 122,5 70,9 38,4 30,6 9,2 24,2 64 116,9 184,3 1275,2 

Maximum 589 424 264 257 191 160 116 84 81 217 429 399 2191 

Minimum 98 28 64 0 0 0 0 0 0 0 0 0 604 

 

Before choosing the probability distribution to be used, a calculation is carried out First analyze the existing 

data. In this case the distribution calculation are as follows : 
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TAB.4Monthly Rain Distribution 

No Year Ri P (Ri-R) (Ri-R)² (Ri-R)³ (Ri-R)⁴ 

1 2009 79.39 10.00 -19.0 360,4 -684.6 129880.0 

2 2010 83.49 20.00 -14.9 221,3 -3291.3 48957.3 

3 2011 96.00 30.00 -2.4 5,6 -13.3 31.5 

4 2012 172.27 40.00 73.9 5460,6 403519.9 29818556.2 

5 2013 94.65 50.00 -3.7 13,9 -51.7 192.4 

6 2014 88.99 60.00 -9.4 87,9 -823.9 7723.3 

7 2015 113.16 70.00 14.8 218,9 3238.1 47906.5 

8 2016 113.16 80.00 14.8 218,9 3238.1 47906.5 

9 2017 77.47 90.00 -20.9 436,7 -9125.2 190688.1 

10 2018 65.11 100.00 -33.3 1106,3 -36797.0 1223909.6 

 Total 

 
   8130 353052 31515751 

 Mean 98,37   1478 35305.23 3151575.13 

 

The statistical parameters of the above data are: 

a.  Mean :  

𝑋 =
 𝑋

𝑛
=

983.7

10
= 98.37 

b.  StandardDeviation 

 𝑆 =  
  𝑋 − 𝑋  2

(𝑛 − 1)
= 30.6

 

c. Variation Coefficient 

𝐶𝑣 =
𝑆

𝑋 
= 0.31 

d. Skewness Coefficien 

𝐶𝑠 =
𝑛 𝑋 − 𝑋  3

(𝑛 − 1)(𝑛 − 2)𝑆3 = 1.81 

 

e. Sharpness Coefficient 

𝐶𝑘 =
𝑛2 𝑋 − 𝑋  4

(𝑛 − 1)(𝑛 − 2)(𝑛 − 3)𝑆4
= 7.66 

 

Distribution Calculation 
Normal Log Distribution can be calculated using equation on Table 5. 

 

Tabel 5. Normal Log Distribution Calculation 

 
The statistical parameters of the Log Normal Distribution owned by the above data are: 

a.  Mean: 

𝑌 =
1

𝑛
 𝑌𝑡

𝑛

𝑖=1
= 98.37 
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b.  Standard Deviation : 

𝑆 =  
1

𝑛 − 1
  𝑌𝑖 − 𝑌  2

𝑛

𝑖=1
= 0.12 

 

c. Variation Coefficient: 

𝐶𝑣 =
𝑆

𝑌
= 0.01 

d.   Skewness Coefficient: 

𝐶𝑠 =
𝑛

(𝑛 − 1)(𝑛 − 2)𝑆2
  𝑦𝑖 − 𝑦  3

𝑛

𝑖=1
= 1.08 

e.   Kurtosis Coefficient: 

𝐶𝑘 =
𝑛2

(𝑛 − 1)(𝑛 − 2)(𝑛 − 3)𝑆4   𝑦𝑖 − 𝑦  4
𝑛

𝑖=1
= 5.69 

 

Distribution Match Test 
To determine the suitability of the frequency distribution of the sample data to the probability distribution 

function which is expected to describe or represent the frequency distribution, parameter testing is required.  

a. Chi-square Test 

Number of data(n)  =        10 

Logn                       =        1.00 

Number of classes=        4.22 Class boundaries=   25 

Mean LogX1          =        1.9776 

S                              =        0.116989366 

Cs                            =        0.001753161 

Equation 

LogRt  =LogRr+G . Sy 

LogRt = 0,74 +0,077*G 

 

TAB.6Opportunity Spread 

Pr G G*S LogRt Rt 

75 

50 

25 

-0.618 

0.139 

0.735 

-0.0723 

0.016262 

0.085987 

1.905254 

1.993815 

2.06354 

80.39958 

98.58588 

115.7552 

 

TAB. 7Chi-Square 

 
 

Degree of Freedom (df) : 2 

Level of Significance : 5% 

Confidence level : 95% 

Critical Chi : 5.991 

 

From the Chi-Square calculation for rain distribution using the Log-Pearson III method as shown in the table 

above, the value is 0.25. Chi-Square 5.0 < 5991 Chi-Critical value, then the hypothesis is accepted. 

 

b.   Existing Discharge Calculation 

The channel dimension calculation is based on the discharge that must be accommodated by the channel (Qs 

in m3/sec) greater than or equal to the design discharge caused by the design rain (QT in m3/sec). Such 

conditions can be formulated in the following equation:  

Qs ≥ Qt 

The discharge that can be accommodated by the channel (Qs) can be obtained by the following formula:  
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Qs = As. V  

Which: 
As = Cross-sectional area (m2) 

V =Average speed of flow in the channel (m/sec) Average speed of flow inside channel, can be calculated using the 

Manning formula as follows: 

V = 
1

𝑛
𝑅

2

3𝑆
1

2 

R = 
𝐴𝑠

𝑃
 

Which: 

V   =Flow Velocity 

N   =Manning Roughness Coefficient 

R   =Hydraulic radius (m) 

As = Channel cross-sectional area (m2)  

P   = Wetted Perimeter (m) 

 

Existing channel caluclation example (Ch 1) 

Square section shape 

B=0,4 meter 

H =0,5 meter 

Guard height =0,2 meter (secondary channel) Hn =1,0 meter 

Channel Length =214 meter 

Cross − sectional Area =
𝐵

2
𝑥𝐻𝑛 = 0.2 𝑚2 

P wetted perimeter = 𝐵 + 2 𝑥   
𝐵

2
 

2

+ ℎ𝑛2 = 2.44 𝑚 

R (hydraulic radius) =
𝐴𝑠

𝑃
= 0.082 𝑚 

N of channel = 0.035 (riprap) 
S of channel = 0.01 

V  velocity =
1

𝑛
𝑅

2

3𝑆
1

2 = 0.539 m/s 

Hydraulics Q =Ax V= 0.2x 0.539=0.108 m
3
/s 

 

TAB.8Calculation results from all existing channels 
 

Channel No 

 

B 

 

H 

 

As(m²) 

P 

(Keliling 

Basah) 

R 

(radius)hi

drolik) 

nchannel(

riprap/ 

batukali) 

S 

saluran 

 

L(m) 

 

V 

(m/dtk) 

 

Qs 

(m³/dtk) 

 

Qt 

(m³/dtk) 

Sal.1(sekunder) 0.4 0.5 0.2 2.44 0.082 0.035 0.010 214 0.539 0.108 0.131 
Sal.2(sekunder) 0.4 0.5 0.2 2.44 0.082 0.035 0.010 112 0.539 0.108 0.241 
Sal.3(tertiary) 0.25 0.3 0.075 2.27 0.033 0.035 0.010 137 0.295 0.022 0.321 
Sal.4(tertiary) 0.25 0.3 0.075 2.27 0.033 0.035 0.010 52 0.295 0.022 0.494 
Sal.5(sekunder) 0.4 0.5 0.2 2.44 0.082 0.035 0.010 121 0.539 0.108 0.467 
Sal.6(sekunder) 0.4 0.5 0.2 2.44 0.082 0.035 0.010 47 0.539 0.108 0.089 

 

Calculation of Dirty Water Debit 

The calculation of dirty water discharge is based on dirty water discharge from the number of houses 

accommodated by the channel and the number of people in each house. For the following calculations, some 

data need to be assumed, namely, the use of each person per day is assumed to be 200 liters / day, and the 

number of people per house is assumed to be 5 people / house. Discharge of dirty water used is 70% of the water 

in the waste. 

 

TAB.9 Calculation of Dirty Water Debit 
QDirty water 

 Q1=     ((200x5)/ (24x60x60))xnumber of housesx70% 
=      ((200x5)/ (24x60x60))x10x70% 
=            0.081 

Q2=      ((200x5)/ (24x60x60))xnumber of housesx70% 
=      ((200x5)/ (24x60x60))x25x70% 
=            0.203 
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Q3=      ((200x5)/ (24x60x60))xnumber of housesx70% 
=      ((200x5)/ (24x60x60))x25 
=            0.203 

Q4=      ((200x5)/ (24x60x60))xnumber of housesx70% 
=      ((200x5)/ (24x60x60))x9x70% 
=        0.07292 

Q5=      ((200x5)/ (24x60x60))xnumber of houses x70% 
=      ((200x5)/ (24x60x60))x47x70% 
=            0.381 

Q6=      Q1+Q2+Q3+Q4+Q5=   0.940 

 

Rain Discharge Calculation 

Calculation of rainwater discharge is based on the result of the amount of dirty water discharge with the 

rainwater discharge itself. The formula for calculating rainwater discharge itself is Q = 0.278 x I x C x A. The 

formula above is a Rational method, which is one of the oldest methods and was originally used only to estimate 

peak discharge [10]. The total discharge used to plan the channel originating from rainwater runoff and 

household waste water which is then added up to get the planned channel discharge [11]. 

 

TAB. 10 Result of Total Dischar Calculation 
QHujan 

Q1 = 0,278 x C x I x A2+A5 

= 0,278 x 0,8 x 50 x 0,004523 

= 0,0503 m³/s = 50,30 ltr/s   

Qwaste = Q1+Dirty 

WaterKotor 

= 0,131   

Q2 = 0,278 x C x I x A5 

= 0,278 x 0,8 x 50 x 0,00344 

= 0,03826 m³/s = 38,26 ltr/s   

Qwaste = Q2+Dirty Water = 0,241   

Q3 = 0,278 x C x I x A3 

= 0,278 x 0,8 x 50 x 0,0034 

= 0,0376 m³/s = 37,60 ltr/s   

Qwaste = Q3+Dirty Water = 0,321   

Q4 = 0,278 x C x I x A4 

= 0,278 x 0,8 x 50 x 0,00070 

= 0,00775 m³/s = 7,75 ltr/s   

Qwaste = Q4+Dirty Water = 0,494   

Q5 = 0,278 x C x I x A1+A4+A3 

= 0,278 x 0,8 x 50 x 0,007756 

= 0,08625 m³/s = 86,25 ltr/s   

Qwaste = Q5+Dirty Water = 0,467   

Q6 = Q2+Q1 

Q1Q1Q1 

      

= 0,0886 m³/s = 88,56 ltr/s   

Qwaste = Q6+Dirty Water = 1,028   

 

Existing Dimension Calculation 

In the results of the comparison between the Existing Debit (Qs) and the calculated debit (Qt), where the 

comparison must be Qs ≥ Qt. If not, then the channel needs to be enlarged. The final calculation data for the 

dimensions of the existing channel are presented in Table 11 below. 
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TAB.11 Existing Channel Dimension Calculation 

 
From the table of calculation results, all channels need to be enlarged in size. 

 

Channel End Dimension 

The results of the dimensions of the channel size after the width and height of the channel are enlarged. 

This is in line with what Qurniawan said, namely to evaluate the dimensions of the drainage channel, it is 

necessary to know the capacity of the existing drainage channel according to the formula used to determine the 

discharge capacity of the channel by Ven Te Chow [12]. The data from the analysis of the final dimensions of 

the channel are presented in Table 12 below.     

 

TAB. 12 Channel End Dimension Calculation 
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IV. CONCLUSIONS AND SUGGESTIONS 
Conclusion 

Based on the results of field surveys and calculations, from the evaluation of the drainage system in the 

GunungBatu Residential area, Jember Regency, it can be concluded as follows.  

1. The capacity of the drainage channel (existing discharge) in GunungBatu housing is channel 1, channel 2, 

channel 5 and 6 of 0.108 m³/second, and channel 3 and 4 of 0.022 m³/second.  

2. The runoff discharge in the GunungBatu residential area in each channel is based on the total of rainwater 

discharge and dirty water discharge, which is 3.0037 m/second  

3. The dimensions of the channel in order to accommodate the runoff discharge are for one channel, the width 

of the channel is 50 cm and the height is 50 cm.Channel two, channel width of 60 cm with a height of 60 

cm.Channel three, channel width 65 cm and height 65 cm.Channel four, channel width of 75 cm and height 

of 75 cm.Channel five, channel width 70 cm and height 75 cm.Channel 6, channel width is 90 cm with a 

height of 95 cm 

 

Suggestion 

Based on the conclusions above, the following can be suggested. 

1. It is necessary to widen the channel to reduce inundation that often occurs in the residential area  

2. In addition to widening, several infiltration wells can also be made, and it is necessary to clean each channel 

so that there is no garbage that clogs the flow of water in each channel. 
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