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Abstract  
This research takes place in the North Siantar Subdistrict of 
Pematangsiantar City, where issues with the drainage system result 
in frequent flooding in the valley area. Previously, this phenomenon 
has not been extensively researched. The study aims to analyze 
infiltration wells on Bah Tongguran Street in the North Siantar 
Subdistrict of Pematangsiantar City through existing drainage 
simulation using SWMM software. Water pooling at this location 
leads to floods due to insufficient drainage capacity, exacerbated by 
the valley-shaped land contour and high population density. The 
simulation results, utilizing SWMM software with the Gumbel 
method for rainfall distribution and a 5-year return period, revealed 
that the channels on both sides of Bah Tongguran Street cannot 
accommodate rainwater discharge. The dimensions of the existing 
drainage channel are b = 0.3 and h = 0.45. To address this issue, 
we propose the construction of infiltration wells with a diameter of 
1.4 meters and a depth of 1.5 meters. The analysis determined that 
the infiltration wells would be 24 wells on the left and 21 on the 
right. These infiltration wells will be constructed using concrete 
pipes, with an effectiveness rate of 65% for the left side and 58% 
for the right. Through this intervention, our research aims to serve 
as a reference for planners designing infiltration wells in valley 
areas and as a resource for other researchers developing 
sustainable flood mitigation technologies. 
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INTRODUCTION 

Until now, no one has discussed infiltration 
wells as an alternative to flooding in valley areas 
inhabited by people. Essentially, valley areas 
have lower contours compared to the 
surrounding regions. Previous studies on 
planning infiltration wells are generally common, 
such as those conducted by Zainal [1] in 
residential areas, Molya [2] as an alternative to 
Eco-Drainage, and Nyoto [3] in the city of 
Jakarta. These studies focused on general 
research areas and were not specific to valley 
regions. 

Flood management in valley areas 
requires a nuanced understanding of drainage 
capacity, Juliastuti [4], vulnerability assessment, 
Eryani [5], and real-time monitoring, Adriansyah 

[6]. Research has shown that deficiencies in 
drainage capacity, such as those identified in the 
analysis of residential drainage systems, highlight 
the need for alternative solutions like infiltration 
wells. Studies on flood vulnerability, using various 
indicators, provide insights into how 
environmental factors affect flood risks, which is 
crucial for effective well placement.  

Additionally, advancements in flood early 
warning systems, utilizing wireless sensors, can 
enhance the management of flood events, 
informing the strategic placement and operation 
of infiltration wells. Soil infiltration rate tests, such 
as those conducted in the Kathmandu Valley, 
further underline the importance of local 
conditions in determining well effectiveness. 
Integrating these approaches can optimize flood 
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management strategies in valley regions, 
addressing the unique challenges posed by their 
topography [7]. Additionally, there is a scientific 
report on hydrogeological research in the 
southeastern part of New York. This research, 
conducted by the U.S. Geological Survey 
(USGS) in collaboration with the New York State 
Department of Environmental Conservation and 
the New York State Department of Health, aims 
to protect groundwater sources used for public 
water supply in several villages and communities 
in the region [8]. 

However, there is still no research 
specifically addressing the use of infiltration wells 
in valley areas to mitigate floods. These studies 
are interconnected, as the use of infiltration wells 
is influenced by soil permeability. If soil infiltration 
conditions are impermeable, the use of infiltration 
well technology cannot be applied. Moreover, if 
groundwater conditions are less than half a meter 
from the soil surface, infiltration wells will not be 
effective. Furthermore, if the groundwater level is 
too high, infiltration wells run the risk of being 
contaminated by surface water that may be 
polluted by waste or pollutants [9]. 

The study was carried out in the North 
Siantar Subdistrict, Pematangsiantar City, 
specifically chosen to assess drainage channels 
in response to recurrent waterlogging and 
flooding. Based on the geographic location of the 
study in Figure 1, the city of Pematangsiantar is 
situated between the latitudes 2°53'20" – 
3°01'00" N and the longitudes 99°1'10" – 
99°6'35" E. The area of study for this research is 
in the Siantar Utara District of Pematangsiantar, 
covering an area of 3.65 km². Furthermore, the 
valley that experienced flooding in this study is 
situated in the Siantar Utara District, on Bah 
Tongguran Street. At this location, there are 
tertiary drainage channels on both the right and 
left sides of the road, with dimensions of width = 
0.30 m and height = 0.45 m, and a channel 
length of 208.66 m, encompassing an area of 
1.84 hectares. This area is designated for 
residential use. 

The areas prone to flooding in the North 
Siantar Subdistrict include Bah Tongguran Street. 
Residents living around Bah Tongguran Street 
reported that the water level reached the calf of 
an adult, approximately 15-30 cm, and the 
flooding was characterized by stagnation without 
any flow. Flooding in drainage channels resulted 
in road closures and disruptions to passing 
vehicles, endangering road users.  

 
 
 
 

 
Figure 1. Location of Study [10]  

 
Furthermore, it forced businesses around 

the area to close to prevent water damage, 
leading to financial losses. Citizens said that the 
flood depth on Bah Tongguran Street ranged 
from 15-20 cm, covering an area of 296 m². 

The North Siantar Subdistrict is a densely 
populated commercial area with drainage issues 
that need to be addressed to prevent flood-
related losses and disruptions to community 
activities. Therefore, this study aims to evaluate 
the performance of the drainage system by 
conducting hydrological and hydraulic analyses 
and simulating flow profiles using Storm Water 
Management Model 5.1 (SWMM) software to 
determine whether the capacity of the drainage 
channels is still able to accommodate the 
generated flow and runoff. This research also 
aims to identify methods for managing excess 
water and addressing flood issues in flood-prone 
areas of the North Siantar Subdistrict.  

 
METHOD 

The methodology of this research involves 
hydrological analysis, which includes calculating 
the average rainfall using an algebraic method 
with a 5-year return period [11]. 

The research flowchart shown in Figure 2 
begins with problem formulation, followed by a 
literature review and data collection (both primary 
and secondary), which form the basis for the 
analysis of rainfall, flood discharge, and channel 
dimensions. Subsequently, an evaluation using 
SWMM determines the need for channel 
dimension improvements or infiltration well 
planning. If no issues are identified, conclusions 
and recommendations are developed. 
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Figure 2. Flowchart of Research 

 

 
Figure 3. Flowchart of SWMM 5.1 Modeling 

The flowchart for SWMM 5.1 modeling in 
Figure 3 begins with inputting data on area, 
elevation, and channel characteristics, followed 
by adding a backdrop image and setting object 
properties. Next, the physical network is drawn, 
component data is entered, and analysis settings 
are selected. Run the simulation; if the error is 
<5%, re-enter the data. If not, review the 
simulation results and redesign the channel if 
node flooding occurs. 

Analyzing rainfall frequency using normal, 
log-normal, Log Pearson III, and Gumbel 
methods, calculating rainfall intensity using the 
monobe method, and determining the design 
flood discharge using the rational method [12]. 
Hydraulic analysis is conducted by calculating the 
capacity of the drainage channels and simulating 
the hydrological and hydraulic processes using 
the Storm Water Management Model (SWMM) 
[13] software. Furthermore, improvements will be 
made to the flooded channels by redesigning the 
drainage system, and planning infiltration wells 
for these improvements.  

 
RESULTS AND DISCUSSION 
Validation of Rainfall 

Based on the calculation results in Table 1, 
the value of Q/√n [14] < critical Q is 0.69 < 1.14 
and the value of R/√n [14] < critical Q is 0.93 < 
1.28 with a 95% probability [15]. Therefore, the 
rainfall data for Bangun and Marihat is 
considered valid. 
 

Table 1. Results of Validation Calculation for 
Rainfall Data in Bangun and Marihat 

Year Xi Sk* SD2 Sk** 

2012 110.7 34.54 119.30 2.19 

2013 72.1 -4.06 1.65 -0.26 

2014 69.9 -6.26 3.92 -0.40 

2015 75.4 -0.76 0.06 -0.05 

2016 65.5 -10.66 11.36 -0.67 

2017 69.5 -6.66 4.44 -0.42 

2018 64.5 -11.66 13.60 -0.74 

2019 64 -12.16 14,79 -0.77 

2020 67 -9.16 8.39 -0.58 

2021 103 26.84 72.04 1.70 

Average 76.16 Total 249.54   

Dev. Std. 15.8 Q 2.19   

Sk**max 2.19 R 2.96   

Sk**min -0.77 
  

  

Q/(n0.5) 0.69 With a Probability of 
95% 

Accepted 

R/(n0.5) 0.93 With a Probability of 
95% 

Accepted 
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Rainfall Distribution 
Based on the calculation results of rainfall 

dispersion using the algebraic method in Table 2, 
it is concluded that the distribution types meeting 
the criteria are Gumbel and Log Pearson III. 
Gumbel's criteria are Cs ≤ 1.14 (0.63) and Ck ≤ 
5.4 (3.37), while Log Pearson III meets additional 
unspecified values. 
 
Distribution Goodness-of-Fit Test 

On the one hand, in Table 3, the Gumbel 
and Log Pearson III distributions both meet the 
criteria, with a calculated maximum ΔP of 3 
against a critical maximum ΔP of 5.99. Therefore, 
both distributions pass the Chi-Square goodness-
of-fit test. Furthermore, in Table 4, the Gumbel 
distribution meets the criteria with a calculated 
maximum ΔP of 0.063 against a critical maximum 
ΔP of 0.41. In contrast, the Log Pearson III 
distribution does not meet the criteria, with a 
calculated maximum ΔP of 0.895 exceeding the 
critical maximum ΔP of 0.41 [18][19]. 

 
Calculation of Rainfall Intensity 

Calculation of rainfall intensity using the data 
that passed the previous test, which is the Gumbel 
distribution, using the Mononobe method [20]. 
 

Table 2. Results of Rainfall Dispersion 
Calculation 

Distribution  
Type 

Requirement [16][17]  Result of 
Calculation 

Conclusion 

Normal 

Cs = 0 0.63 Not 
Accepted 

Ck = 3 3.83  

Log 
Normal 

Cs = 3Cv 0.31 Not Accepted 

Cv = 0   

Gumbel 
Cs ≤ 1.14 0.63 Accepted 

Ck ≤ 5.4 3.37  

Log 
Pearson III 

In addition to the 
values above 

- Accepted 

 
Table 3. Summary of Chi-Square Goodness-of-

Fit Test 
Probability 
Distribution 

ΔP 
Calculated 
maximum 

ΔP Critical 
Maximum 

Description 

Gumbel 3 5.99 Meets the 
criteria 

Log Pearson 
III 

 3 5.99 Meets the 
criteria 

 
Table 4. Summary of Smirnov-Kolmogorov 

Goodness-of-Fit Test [18]  
Probability 
Distribution 

ΔP 
Calculated 
maximum 

ΔP Critical 
Maximum 

Description 

Gumbel 0.063 0.41 Meets the 
criteria 

Log Pearson 
III 

0.895 0.41 Doesn’t 
meet the 
criteria 

Table 5. Results of Rainfall Intensity Calculation 
using the Mononobe method 

Duration Rainfall Intensity for Various 
Return Periods [21] 

 2 5 10 25 50 100 

Minute Hour 60.9 74.4 83.4 94.7 103.1 111.4 

5 0.083 110.7 135.2 151.5 172.1 187.3 202.5 

10 0.167 69.7 85.2 95.4 108.4 118 127.5 

15 0.25 53.2 65 72.8 82.7 90 97.3 

30 0.5 33.5 40.9 45.9 52.1 56.7 61.3 

60 1 25.6 31.2 35 39.8 43.2 46.8 

120 2 21.1 25.8 28.9 32.8 35.7 38.6 

720 12 12 14.7 16.4 18.6 20.3 21.9 

1440 24 10.1 12.4 13.9 15.8 17.2 18.61 

 

Table 5 presents rainfall intensity calculated 
using data validated by the Gumbel distribution test, 
employing the Mononobe method. For various return 
periods, the intensity (in mm/hour) varies across 
durations: for 2 minutes, it ranges from 60.9 (2-year 
return) to 111.4 (100-year return); for 5 minutes, from 
110.7 to 202.5; and for 10 minutes, from 69.7 to 
127.5. Longer durations show corresponding 
intensities: 15 minutes (53.2 to 97.3), 30 minutes 
(33.5 to 61.3), 60 minutes (25.6 to 46.8), 120 minutes 
(21.1 to 38.6), 720 minutes (12 to 21.9), and 1440 
minutes (10.1 to 18.61). These values are crucial for 
estimating rainfall intensity across different durations 
and essential for urban drainage planning and flood 
management. The Mononobe method's results are 
utilized directly in SWMM 5.1's rain gauge application, 
ensuring accurate simulation and management of 
stormwater in urban environments based on reliable 
intensity data. 

 
Runoff Coefficient 

The coefficient of runoff (C) is the ratio of peak 
runoff to rainfall intensity. The value of C is influenced 
by several main factors, including soil infiltration rate, 
slope of the land, vegetation cover, and rainfall 
intensity [22][23]. The flooded locations on Bah 
Tongguran roads consist of various land covers such 
as urban areas, residential areas, yards, and asphalt 
roads, with respective areas as shown in Table 6. 

 
Table 6. Area and Coefficient of Runoff for Each 

Land Cover in Bah Tongguran 
Name Asphalt 

Road 

(km2) 

Roof 

(km2) 

Yard 

(km2) 

Total 

“C” 

Area 

(km2) 

Composite 

Value 

0.95 0.9 0.1 

Left 

Segment 
0.001 0.0036 0.004 0.009 0.52 

Right 

Segment 
0.001 0.0040 0.004 0.009 0.54 
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Based on the calculation of the coefficient 
of runoff in Table 6, the coefficient of runoff for 
the left and right segments of Bah Tongguran 
road is 0.52 and 0.54, respectively. 

 
Calculation of Planned Discharge 

Based on the calculated intensity in Table 
7, the planned discharge for the left segment of 
Bah Tongguran road is 0.093 m³/s, with an 
intensity of 713.11, an area of 0.0091 km², and a 
C value of 0.52. The right segment's planned 
discharge is 0.079 m³/s, with an intensity of 
561.58, an area of 0.0093 km², and a C value of 

0.54.  
 
Hydraulic Analysis 

The hydraulic analysis calculates the 
discharge capacity of the main drainage channel 
on Bah Tongguran Road, as illustrated in Table 
8. For the left segment, the planned discharge 
(Qplan) is 0.093 m³/s, and the channel discharge 
(Qchannel) is 0.24 m³/s, indicating no flood. For 
the right segment, Qplan is 0.079 m³/s, and 
Qchannel is 0.17 m³/s, also indicating no flood. 
However, despite the channel's capacity, flooding 
occurs in Bah Tongguran because the valley 
area prevents water from flowing to the river. 
 
Modeling of Drainage Channel using Storm 
Water Management Model (SWMM)  

The drainage channel modeling for Bah 
Tongguran Street is carried out with a 5-year 
return period. It consists of 2 sub catchments, 10 
junctions, 10 conduits, and 2 outfalls. 
Subcatchments can be represented using the 
subcatchment button on the object toolbar. 
Based on the land use, the catchment area of 
Bah Tongguran Street consists of residential 
areas with asphalt roads. 

 
Table 7. Planned Discharge of Drainage Channel 

in Bah Tongguran 
Left 
Segment 

Intensity 713.11 

Area km2 0.0091 

C 0.52 

Q plan 0.093 

Right 
Segment 

Intensity 561.58 

Area km2 0.0093 

C 0.54 

Q plan 0.079 

 
Table 8. The comparison between the planned 

discharge (Qplanned) [24] and the channel 
discharge (Qchannel) [25]  

Flood Point Channel Q 
plan 

Q 
channel 

Description 

Bah 
Tongguran 

Left 
Segment 

0.093 0.24 No Flood 

Right 
Segment 

0.079 0.17 No Flood 

The N-impervious value for non-absorbent areas 
is 0.011, while the N-previous value for non-
waterproof areas is 0.15, representing sparsely 
vegetated grassy land. 

The top view of the drainage network 
schema for Bah Tongguran Street can be seen in 
Figure 4. The right segment is illustrated at points 
JC2, JC9, JC3, and JC4 from left to right, while 
the left segment is illustrated at points JC6, JC10, 
JC7, and JC8. Additionally, Figure 5 shows that 
at node JC7, which is in the valley and part of the 
main channel of the left segment of the drainage 
system on Bah Tongguran Street, this section is 
unable to handle the water flow during the 5-year 
return period. This occurs because the location is 
in a valley or concave contour, causing the water 
to be unable to flow and accumulate in that low-
lying area. On the other hand, Figure 6 shows 
that node JC3 in the main channel of the right 
segment of the drainage system on Bah 
Tongguran Street, it also cannot accommodate 
water during the 5-year return period.  

 

 
Figure 4. Drainage Network Schema for Bah 

Tongguran Street 
 

 
Figure 5. Running SWMM for the 5-year return 

period at nodes JC6, JC10, JC7, and JC8 
sequentially from the left side of the figure. 
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Figure 6. Running SWMM for the 5-year return 

period at nodes JC2, JC9, JC3, and JC4 
sequentially from the left side of the figure 

 
This is also due to the location being in a 

valley or contour resembling a basin, causing 
water to stagnate and accumulate in that valley 
area. Furthermore, there is no main river to carry 
the water away from nodes JC3 and JC7. 

Handling Alternative for Waterlogging Using 
Infiltration Wells 

In this research, there is a flood location 
point on Bah Tongguran Road, which has a 
topography like a basin or valley, making it 
impossible to redesign the drainage channel in 
that area to prevent floods because water will 
continue to accumulate in the valley area. Based 
on hydraulic calculations, the channel's flow rate 
(Q) is found to be higher than the Q planned flow 
rate, so the dimensions of the drainage channel 
are not the cause of the floods on Bah 
Tongguran Road. Therefore, improvement can 
be made by planning infiltration wells to collect 
and infiltrate water back into the ground, thereby 
reducing the burden on the drainage system. The 
planned infiltration wells on Bah Tongguran Road 
using the Sunjoto method [26] are as follows: 
a. Shallow infiltration wells have a diameter of 

1.4 m. 
b. The height of the infiltration wells is 1.5 m. 
c. The well walls use concrete pipes with a wall 

thickness of 10 cm. 
d. The cover of the infiltration wells uses 

concrete pipes with a thickness of 10 cm. 
e. The infiltration wells are filled with coconut 

coir (ijuk) 10 cm and gravel 20 cm to filter 
the water that will be absorbed into the 
ground [27]. 

f. The inlet pipe size is 110 mm in diameter. 
g. The overflow pipe size is 110 mm in 

diameter. 
h. The control basin uses square-shaped brick 

pairs with a width of 30 cm, a depth of 35 
cm, and a brick thickness of 10 cm. 

 

 

Type of Infiltration Wells  
The detailed top view of the house 

featuring an infiltration well can be seen in Figure 
7. The water entering the well is rainwater 
conveyed from the house gutter. The horizontal 
gutter is a half-circle with a diameter of 8 inches, 
and the vertical gutter has a diameter of 4 inches. 
The planned layout determination is adjusted 
according to the Indonesian National Standard 
(SNI) 03-2453-2002 [28]: 
a. Distance from the house foundation to the 

infiltration well is 2 meters.  
b. Distance from the foundation to the control 

tank is 100 cm.  
c. Distance from the control tank to the 

infiltration well is 50 cm.  
d. Distance from the infiltration well to the tree 

is 3 meters. 
Based on Table 9, it is known that 

infiltration wells are planned with a diameter of 
1.4 m and a depth of 1.5 m, totaling 24 wells on 
the left segment and 21 wells on the right 
segment of Bah Tongguran Road.  
 
Comparison of research results with previous 
studies 

In contrast to previous research by Zainal 
[1], Molya [2], and Nyoto [3], which focused on 
infiltration wells in general urban or residential 
contexts, this study specifically highlights the 
unique challenges in valley areas, where 
conventional drainage systems are inadequate 
due to topographical constraints. While earlier 
studies established the basic effectiveness of 
infiltration wells in enhancing eco-drainage 
systems and urban flood management, they did 
not delve into the complexities posed by valley 
regions. 
 

 Figure 7. Top View of Infiltration Well Planning 
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Table 9. Infiltration Well Planning for Bah 
Tongguran Road. 

Location Diameter 
(m) 

H = 1.5 
(m) 

Number 
of Wells 
(Piece) 

Left Segment 1.4 1.5 24 
Right Segment 1.4 1.5 21 

 
For instance, Zainal's [1] study in 

residential areas did not consider the impact of 
topographical depressions on flood accumulation, 
nor did it address the specific design adaptations 
required for such environments. Similarly, 
Molya's [2] work on eco-drainage as an 
alternative solution did not tackle the particular 
issue of water stagnation in valleys, where water 
cannot easily escape due to the natural contour 
of the land. Additionally, Juliastuti's [4] research 
offered a nuanced understanding of drainage 
capacity but remained limited to urban contexts, 
lacking consideration of the more complex 
drainage challenges in valley areas. 

The findings from this research, therefore, 
contribute a critical perspective on the application 
of infiltration wells in valley regions. Unlike 
general applications, the effectiveness of 
infiltration wells in valleys depends heavily on 
localized conditions, including soil permeability 
and groundwater levels. This research has 
demonstrated that with proper design 
adjustments, such as those applied on Bah 
Tongguran Road, infiltration wells can 
significantly mitigate flood risks even in 
challenging topographical conditions.  

However, this study also highlights 
limitations not typically encountered in less 
topographically constrained areas, such as the 
risk of ineffective infiltration due to high 
groundwater levels or impermeable soil 
conditions, as noted in hydrogeological studies 
like those conducted by the USGS in New York. 

Table10. Effectiveness of Infiltration Well [20][30] 
Well 

Capacity 
Q planned 

(m3/s) 
Q well 
(m3/s)  

Q 
runoff 
(m3/s) 

Left 
Segment 

0.093 0.061 0.032 

Right 
Segment 

0.079 0.046 0.033 

    

Well 
Capacity 

Effectiveness Drainage 
Capacity 

 % m3/s   

Left 
Segment 

65 0.24 

Right 
Segment 

58 0.17 

 

Figure 2. Site Plan of Infiltration Well 
 

Eryani [5] research on vulnerability 
assessment also underscores the importance of 
in-depth contextual analysis, particularly in 
identifying areas most susceptible to flooding in 
valley regions. 

Furthermore, Adriansyah [6] research 
focused on real-time monitoring using IoT 
technology has shown that the use of such 
technology can provide critical real-time data to 
monitor the effectiveness of infiltration wells in 
valley areas, aiding in more timely and accurate 
decision-making. 
 

 
Figure 3. Cross Section of Infiltration Well 
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CONCLUSION 
The conclusion drawn from this study is 

based on hydrological and hydraulic calculations, 
as well as modeling using SWMM software. 
There are two channels identified that cannot 
accommodate rainfall discharge, namely the left 
and right segments of Bah Tongguran Road. The 
cross-sectional capacity of the channels in 
Siantar Utara District was determined using 
hydraulic calculations. The left and right 
segments of Bah Tongguran Road have 
capacities of 0.2369 m3/s and 0.1680 m3/s, 
respectively.  

The flood control alternative for the left and 
right segments of Bah Tongguran Road involves 
planning the construction of 24 infiltration wells 
with a diameter of 1.4 m and a depth of 1.5 m in 
the left segment, and 21 wells in the right 
segment. The infiltration wells are planned using 
concrete pipes with an effectiveness of 65% in 
the left segment and 58% in the right segment, 
as shown in Table 10. 

Figure 8 illustrates the site plan for the 
placement of infiltration well points, which are 
connected to the houses on Bah Tongguran 
Road. Additionally, Figure 9 shows the cross-
section of the infiltration well. It can be seen that 
rainwater falling from the roof will be channeled 
through a downspout into a control tank, where 
roof sediments can first settle in the control tank. 
Subsequently, clean water flowing from the 
control tank is directed into the infiltration well.  

From the infiltration well, the water will 
seep into the ground and become part of the 
groundwater storage. However, if there is an 
overflow in the infiltration well, the excess water 
will flow into the drainage system with the hope 
that it will gradually dry out as the drainage water 
returns to the infiltration well. 

This study highlights the critical need for 
tailored design adaptations of infiltration wells in 
valley areas, addressing topographical 
challenges that were overlooked in previous 
research. While earlier studies confirmed the 
general effectiveness of infiltration wells, they did 
not consider the complexities unique to valleys, 
such as high groundwater levels and 
impermeable soils. This research demonstrates 
that with proper adjustments, these wells can 
significantly mitigate flood risks in challenging 
terrains. Future research should focus on 
developing advanced design models specifically 
for valley regions and integrating real-time 
monitoring systems to optimize the performance 
and adaptability of infiltration wells in diverse 
environmental conditions. 
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