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Smart Storm Water Drain System Design  
 

Mohammad Hamad  Alajmi, Hussain S. Bilal  
 
Abstract: After the latest events that happened in Kuwait (heavy rain), it was essential to find a solution for the blockage in road gullies and manhole  
filtration and drainage  system. Three designs ideas were considered as discussed in this paper (A, B and C) . Best design out of the three studies  
selected by road traffic office and mechanical department is design  (C) .The selection based  was based on the effective design principles , cost, time 
and maintenance . Four steps was taken to build the first prototype built to turn the idea into a patented  and profitable product. The prototype’s concept 
sketch , features and develop a virtual prototype  are considered and done according to the needs of the project requirements. The outer body of the 
prototype and the plate are made of galvanized steel and the inner body and springs are made of steel. Two type of   sensors are used, flow meter 
gauge and a micro switch sensor. 
 
Index Terms  : Drain , Sensor  , Manholes , Design,  , Calculation   , Components ,  System  . 

——————————      —————————— 

 

1. INTRODUCTION 
Due to the heavy and unusual rain Kuwait has encountered 
recently shown in figure (1), it was obvious that the current 
manhole system in Kuwait needs some modification. One of 
the main issues with the current manhole system is the lack 
of any alert systems which indicate that a maintenance is 
needed. The wastes that pile up inside the draining system 
and clog it. This cause many critical problems that affect 
people’s daily life. Water that flows in the main roads 
without  proper and effective drainage system that can 
remove rainwater out of the road damages the  pavement 
structures , surrounding houses and facilities get flooded 
with water as well. Based on these problems a new smart 
water draining system were considered. In this study three 
draining systems ideas will be discussed. One of the three 
designs will be made into a fully working prototype.  
 
 
 
 
 
 
 
History 
As early as humans started living in concentrated village, 
draining rainwater was one of the main challenges that 
humans have encountered. Ancient civilizations ”Ref [4]” 
saw the need to build a draining system to collect rainwater 
and prevent flooding. Using the trial and error construction 
methods they built a complicated channel system as shown 
in figure( 2) to pump the water into the main water streams 
like rivers and oceans. 
 
 
 
 
 
 
 
 

Figure( 1) Ancient channel system 
 

 
The channel system was constructed from open channels 
built in the center of the streets. The channels were either 
dug into the ground or built above the ground with bricks. 
Some ancient civilizations realized that the rainwater is an 
important source of clean water, so they designed systems 
to store water in deep wells shown in figure( 3). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Nowadays, draining system consists mainly of ditches 
along the side of the roadways” Ref [1]” called catch basin 
shown in figure( 4). These ditches allow rainwater to flow 
out the streets and roads. 

 
Figure( 3)  Catch Basin 

 
Then the rainwater is led to the main water streams via 
underground pipe system shown in figure (5). There are 
also more advanced drainage systems developed to deal 
with heavy and constant rain and storms ”Ref 2]”. For 
example, a new road pavement that absorbs water was 
developed. It can absorb a large amount of water in small 
period of time. 
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Figure( 2)  Ancient well . 
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Figure ( 5 ) Drainage system 

 
Manholes in Kuwait 
There are different types of manholes in Kuwait. The first 
type is called catch basin, or also known as gullies. Gullies 
are mainly used in the highways. It is a large pot in the 
ground which is found at the edge of the road covered by 
metal grid. The following figure(6) was taken in AL-Daiya 
and it shows a gully manhole. 
 

 
 

Figure(6) Gully Manhole in AL-Daiya. 
 
Another type of manholes is called linear gutter manholes.  
This type of manholes is mainly used in swimming pools, 
car parks and many multipurpose halls. The following figure 
( 7) was taken in Shuwaik that shows linear gutter 
manholes that was used in car parking. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The main type is called gutter manholes. The previous 

twotypes deliver water to this   manhole which carry the       
water to the sea. The following figure( 8) shows gutter 
manhole. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

PROBLEM STATEMENT 
In last few years, Kuwait has witnessed  heavy rains and its 
sequences that varied from floating streets, that caused 
many cars to damage and put many lives in danger, to 
floating houses. This caused many properties damages. 
The objective of this study assignment is to design filtration 
system that is compatible with the current wastewater 
(rainfall) manhole system used in Kuwait. The system must 
be designed using any available material in the market. 
There are many ways to design the system. It is required to 
investigate previously designed systems, if any, and use 
Pareto Chart to identify and solve most important issues or 
problems that was faced by previous designs. The required 
design should have an alert system to indicate that 
maintenance is required. 
 

MOTIVATION 
As engineers, ethics are as important as knowledge. It is 
important to do your job as perfect as it can be done. 
Unfortunately, most of the problems that occurred was 
because lack of ethics. Streets and houses were damaged 
because jobs were done in an inappropriate way. It is the 
duty of an engineer to make sure that everything is done 
based on the international standards ”Ref [2]”. The first 
motive is understanding that human lives are very precious. 
It is also important to apply engineering design process. 
Furthermore, learn about geometry, motion, and 
construction is also important. In addition, applying 
teamwork concept and to enhance working in teams is 
considered an important motive. 
 

INVESTIGATING, SURVEY AND PARETO CHART 
Many regions were investigated in order to know the size of 
the manholes. The size of many manholes was measured 
in Shuwaik and most of the manholes have a base of size 
(1m X 70cm) and a height of 1m. The figure below shows 
one of the manholes in Shuwaik. Manholes in different 
towns of Kuwait such as  hawalli, AL-Daiya, kaifan and 
khaldiyah were also measured. It was noticed that some 
manholes have different sizes, but most of it has the size 
that was measured in Shuwaik. The following figure shows 
manhole in hawalli.  A survey was also made in order to 
gather information about the type of wastes that may cause 
the manhole to block. The survey included five questions, 

         Figure( 7) Linear gutter manhole in Shuwaik 

 

Figure ( 8 ) Gutter manhole 
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more than 120 persons participate in this survey and each 
one can choose more than one type of wastes. The results 
were gathered and a pareto chart was made in order to 
know the type of wastes that caused the major problem and 
try to solve it. Figure( 9) shows the pareto chart.   

 
Figure (9 )  Pareto chart 

 
The chart shows that 80% of the blockage is caused by     
plastic bags, bottles and aggregates. This means that the 
main consideration while designing the system should be 
on how to get rid of the first (3) wastes. Moreover, papers, 
cigarettes and other wastes will also be considered in the 
design in order to produce a design that is nearly perfect, 
but it will not be as important as plastic bags, bottles and 
aggregates. 
 

DESIGNS 
In this study, three designs will be considered, the details of 
each design will be provided, pros and cons will be 
discussed for each design. A comparison will be made 
between the designs, based on the circumstances and the 
conditions. The best design will be selected and finally, a 
prototype will be made for this design.    
 
Design A 
The main idea of this design is  collecting any wastes that 
flow with  water in the drain system. There are many pros 
and cons for this design. The pros of the design are the 
filter bag can prevent the big size wastes from flowing with 
water. In addition, this design is easy to be applied . On the 
other hand, The cons of the design are the filter bag cannot 
prevents all types of waste from flowing with  water, such as 
wastes with small size like aggregates and sand etc.   
 
 
 
 

 
 
 

 
 
 
Moreover, it requires a periodic checking at regular intervals 
to check whether they are in satisfactory condition for 
continued use and empty the bags from all wastes. The 

filter bag can be blocked  easily with different types of 
wastes  like plastic bags or papers .This will in a heavy 
rainy day the filter bag could be filled with wastes quickly  
and lead  to blocks the water from flowing into the drainage 
system. It is also periodic checking is costly and time 
wasting, because  it requires more employees to check the 
system periodically and clean filter bag . Figure(10)shows a 
design sketch idea for design ( A). 
 
Design B 
The idea of this design consists of many components, 
rotating blades, load test sensor, flow rate sensor and 
collecting bucket. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure (11) shows the construction idea  of design( B). 
It is consists of  collecting bucket (1), rotating blades(2), the 
perforated separating plate (3) and the flow sensor (4) The 
idea of design (B) is initially   water and wastes will flow into 
the system. The rotating blades starts to rotate, the rotating 
blades compress the waste and move it as the blades 
rotate into the collecting bucket. Water continues to flow 
through the perforated plate which separates the 
compressed wastes and the water. The collecting bucket 
has a load testing sensor that measure the weight of the 
collected wastes. The bucket handle up to (15 kg) of 
wastes. If the weight of wastes pass the (15 kg), it requires 
a cleaning from wastes. The flowing water continue to flow 
through a pipe that has a flow sensor. The flow sensor 
measures the flow rate of the flowing water. The pros and 
cons of this design are the following, the rotating blades 
compress the waste and reduces its volume to fit into the 
collecting bucket, this process ensure that the water can 
flow through the perforated plate by removing all the waste 
and collecting it in one place.  None the less, some wastes 
can flow with the water through the perforated plate. The 
design requires power input to rotate the blades therefore, 
the cost will get higher. In order to build this design, the 
volume will be huge and difficult to handle because of the 
rotating blades and the power connections. 
Design C 
The design consists of four springs, two sensors, plate and 
body. The body consists of two parts the inner and outer 
body. The circumference of the inner body is perforated, the 
springs are located at the corners of the inner body and the 
plate is located at on the top of the springs. The springs are 
distributed uniformly on the bottom surface. The outer body           Figure (10) The idea of design ( 

A) 

 

Figure (11) Design (B) components. 
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is connected  to inner body. A drain pipe is connected at the 
bottom of the outer body with flow sensor. The other sensor 
is a load sensor located under the plate in the inner body. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure (12) shows the construction idea of design (C).Item 
1 is the plate, 2 the springs, 3 the pipe where the flow 
sensor is located ,  4  the outer body and 5  the inner body. 
As water start flowing with all the wastes into the system, it 
will  flow through the holes around the inner circumference. 
The wastes stay above the plate and the water continue to 
flow through the pipe. When the weight of the waste pass 
15 kg, the weight  alert sensor starts to work and give feed 
back to operator to take action . The pros and cons of the 
design are the following, the sensors alert when either the 
load on the plate pass 15 kg or there is a blockage in the 
system. the water may leak to the springs and might oxidize 
them. A fatigue failure over time might occur to the springs. 

 
RESULTS AND DISCUSSION 
After making all reviews on the three design ideas (A, B and 
C). We have reached to a conclusion   that design (C)  is 
the required design which meets  all requirement and 
limitations. Design ( C) showed  a reasonable cost, alert 
sensors that warn when there is an overload or a blockage, 
best dimensions that fits with drainage system used in 
Kuwait , and an easy method to fix and calibrate the 
hanging springs.  
 
Design C details 
The body made of galvanized sheet metal and stainless 
steel. It consists of external and internal body. The outer 
body  works as water collector that deliver the water to the 
flow rate sensor. The inner body  is of perforated stainless 
steel sheets . The springs are distributed uniformly at the 
corners to prevent bending the plate if there is an overload. 
The plate placed above the springs to collect the  wastes on 
top of it. The plate’s weight is to be considered in the 
calculations. Whence the waste weight  exceeds the 
designed  calculated load of 15 kg, the plate compresses  
the micro-switch sensor and the alert system will come on. 
A full  auto-cad drawing figure (15) printed to show the 
entire details and dimensions of the prototype . The size of 
the prototype will be 50% of the actual manhole size. 

 
Sensors details: 
A micro-switch sensor as shown in  figure(13) fixed under 
the plate to energies the alarm system and give alerts to 
operator in case the plate is overloaded with wastes .  
 
 
 
 
 
 
 
 
 
 
 
 
 
The  water meter reader figure ( 14) provides accurate, 
reliable liquid flow measurements and affordable. These 
industrial quantity flow meters designed and manufactured 
with a unique combination of modern technologies .It is 
durable materials and easy to read pointer and dial gauge. 
Water meter are designed and manufactured to indicate 
liquid flow rates from low flows of a few gallons per hour to 
high flows up to 200 gallons per minute. This sensor was 
used for the worst-case scenario. If  inner box blocked  
before waste materials reaches 15 kg and prevent water 
flow through, sensor set an alert signal and maintenance is 
required.  
 

 
Figure (14)  Water meter 

Calculation details 
 
The idea of using the springs is to use it as weighing scale. 
First, the minimum weight is 15 kg and considering the 
weight of the plate, which is 1 kg, that makes it a total of 16 
kg on the springs. Now, using Newton’s second law: 
 

 
The following table represent components names for design   
(C) . 

Figure (12) Design ( C) components. 

 

Figure (13) Micro-switch sensor.  
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the spring stiffness is determined using the following 
equation:  

       
Substituting equation (1) in (2): 
 

….(3) 

Now, spring stiffness is calculated:  
 

  

 
Therefore, in order for the sensor to work when the load 
reaches 15 kg and the plate descend 5cm, the stiffness 

required will be about 785 . These calculations show 

the theoretical process that will be followed, but in actual 
process many things may affect these calculations. 
Everything will be adjusted so that the alert system works 
on 15 kg.  
 

 
 

Figure (15) Exploded view for design( C) 
 

CONCLUSIONS 
The problem of the filtration system in Kuwait is not a 
problem that can be ignored. The recent events proved that 
this problem caused many damages for cars, roads, 
properties and it put people’s lives in danger. Picture of 
different manholes in different regions were taken. A survey 
and a pareto chart was done to show the problems that 
blocks the filtration system. The designs that were made 
were chosen precisely and carefully (design A, B and C). It 
was found that design C is the best one.it has all the 
requirements a filtration system needs. Based on the 

results, the design was chosen and a prototype is created. 
The cost of the prototype is less than () as requested. The 
prototype is drawn on auto-cad and an exploded view was 
done to show the entire details of the prototype. 
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Component’s number Component’s name 

1 Connector 

2 The Plate 

3 Springs 

4 Inner Body 

5 Outer Body 

Table (1) design c component 
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