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Abstract: The main goal of my work was to design a dry well wastewater pumping station. The products of the pumping station market, the 

related literature, and the standards were analysed. The collected information was summarized in the catalogue of the requirements. I 

created the parametric 3D model of the total pumping station. Some of the dimensions are linked from an MS Excel file, and others change 
like a function. Thus, we can get the pumping station model with the required parameters without changing the model directly.  The system's 

pressure loss was calculated, which is necessary to know the working point of the pumping station. The mass of the concrete we need against 
the uplift was specified. The dry well makes the sewage system more stable; it has a lower environmental effect and makes the maintenance 

safer. 
Keywords: DRY WELL, WASTEWATER, PUMPING STATION, PARAMETRIC MODEL 

 

1. Introduction 

Wastewater is transported in a sewer network from the producer 

to the receiving and treatment sites. In the case of gravity 
wastewater transport, the driving force is provided by the level 

difference between the two points of the channel. The slope of the 
channel must ensure a minimum average flow velocity of 0.4 m/s at 

an average water flow, as this is necessary for the self-cleaning of 

the channel [1]. The value of the maximum permitted velocity is 
determined by the material of the channel. 3 m/s for on-site concrete 

sections channel, 5 m/s for prefabricated reinforced concrete, paved 
concrete, or stoneware pipe elements are allowed. In the case of a 

polymer channel, higher speeds are permissible. The water level 
must reach 30 mm, even at the lowest volume flow rate to avoid 

sedimentation. If the slope is not large enough, solids in the 

wastewater can sediment and cause clogging. If the topography 
does not allow the gravity transport of wastewater, a pressed 

channel must be installed. Part of this system is the sewage 
pumping station. 

In conventional wet well sewage pumping station, the pumps 

are submerged in the sewage. In this case, the inlet liquid does not 
filtred, so the solids content (a tree branch, dead animal, PET bottle, 

pieces of clothing, etc.) is high. They are getting into the pump 

damage the impeller and its housing. Specially detrimental to the 
wet wipes, which form a scoop-like plug into the channel network 

and roll up to the pump impeller. Its maintenance is a difficult and 
dangerous operation [2]. 

In most cases, it is impossible to empty the well, so the 

mechanics are in constant contact with the sewage. Gas formation is 
strong, which can cause high methane concentrations even with 

good ventilation too, and the well is open to the atmosphere even 
during normal operation, so it is a strong source of the odor. Dry 

well wastewater lifters differ from the conventional wet well in that 

the wastewater is temporarily buffered inside the well in a separate 
steel or polymer vessel. Disadvantages of sewage pumping station 

include operating and maintenance costs higher than those of 
gravity sewage systems. In addition, training is required to handle 

any failures and maintenance problems that may occur properly. In 
the event of an electricity failure, standby generators must be 

provided to prevent malfunctions, and the service life of pressed 

sewer lines is shorter than that of those used in the gravity network. 
The flow channels, generally infectious waste, and odor have the 

effect, so to be assured in the design of gas in a sufficient supply of 
air in the well and the components of control [3].  

2. Dry well sewage pumping stations on the market 

A sewage pumping station must be installed to design the 

appropriate pressure at the sewage lifting device or eliminate the 

height difference in the gravity network. In this chapter, the 
wastewater pumping station with a dry well and solids separator is 

described. 

Sewage pumping stations manufactured by the KSB [4] in terms 
of design can be compact, cylindrical, or semi-cylindrical. One end 

of the solids separator tapering tube sheet at the other end is where 

the filter is obliquely disposed on the larger diameter end has a 
perforated plate. Although the device contains a solid separator 

system, but the large solids can cause clogging. A solution could be 
to design a pre-separator that filters wastewater from these larger 

solid contaminants. 

Depending on the shape of the collection tank of the Hydro-

Vacuum TS sewage pumping station [5], the internal vessel can be 
rectangular, semi-cylindrical, or curved on both sides. In the case of 

semi-cylindrical design of valves and piping beyond the buffering 
vessel area, thus increase the overall size of the well. In terms of 

space-saving, it is advantageous for the solids separation system to 
be located in the vessel. Still, this solution is unfavorable from the 

point of view of maintenance. 

STRATE AWALIFT sewage pumping station [6] is installed in 

a well of circular cross-section made of glass-fiber-reinforced 
polymer. The shape of the buffering vessel can be a pentagon, 

cylindrical or semi-cylindrical, which is ready-alloy structural steel 
sitting and an epoxy-based corrosion-resistant protective film is 

coated. The wastewater flows through two non-return valves with 
filter plates to the buffering vessel from the solids separation tank. 

The disadvantage of the device is that the solids separators and the 
non-return valves are located in the vessel, which is not favorable 

for maintenance. 

In the Ecol-Unicon sewage pumping station [7], the shape of the 

buffering vessel is circular. ETS and ESS types are designed from 
stainless steel, and the ESS-PE is designed from HDPE. Larger 

solid contaminants are trapped on flexible filter flaps in the 
separators. The common advantage of the pumping station is that 

the knife-gate valves can be used to disconnect the components, so 
it is not necessary to stop the equipment completely during 

maintenance. The disadvantage of the ESS and ESS-PE stations is 

that the solids separators are placed in the vessel, so their 
maintenance is complicated. 

In the SSS Strong sewage pumping station [8], the vessel solid 

separators and tubes are polyethylene. In separators, plastic combs 
placed obliquely upstream of the flow direction of the charging 

phase will catch larger solids. The advantage of the station is that 
the buffering vessel is separated from the well. The disadvantage is 

that the components almost fill the available space, so the 

workspace required for maintenance is not provided. 

The Wilo - EMUport CORE sewage pumping station [9] is 
designed to be installed in a 1500 mm well. Filter sticks in the 

separators catch larger dirt. The rod ends are connected to a sloping 
flap circular plate. The disadvantage of the pumping station is that it 

does not have a pre-separator on it, which separates the larger 
contaminants. In the event of a well flooding, the gate valve that 

disconnects the station from the sewer system cannot be easily 

accessed. 

The Instal Compact sewage pumping station’s [10] buffering 
vessel has a square shape where the interior has lighting and glass 

overlooking. The separators are located next to the buffering vessel, 
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equipped with a sight glass. Two comb-like filters perform the 
separation. The device is advantageous in terms of space-saving 

because the distribution chamber, separators, pipes, and fittings are 
located above and next to the buffering vessel. In the event of a 

flood, the gate valve that disconnects the unit from the sewer system 
cannot be accessed. Access to the pumps is also hampered by a 

metal tray mounted under the sight glass, and a stand placed next to 

it. 

The Kordes sewage pumping station [11] is installed in a 
double-walled polyethylene well. Separation of solids is performed 

by metal rods placed in front of the suction port of the pump. The 
disadvantage of the sewage pump is that the solids separator does 

not have a tank that can be separated from the other components. 
When maintaining or replacing metal rods, the equipment must be 

disassembled. Instead of closed gate valves during the emptying 

phase, it would be preferable to install non-return valves in the 
system. 

In my work, I made a parametric, 3D model of the self-

developed dry well sewage pumping station equipment with solids 
separators. An important aspect of the design was that the 

dimensions could be varied as desired, making it easier to adapt to 
individual needs or create a family of machines. I created a 

Multibody-based, parametric 3D model, which includes a 

parametric calculation support that allows the determination of 
pump characteristics and vessel size. As a result of my work, I have 

created a design that meets both market needs and literature 
considerations and is ready for production. 

3. The planned equipment 

Various aspects must be taken into account when designing a 

sewage pumping station. The pumps to be installed in the system 

must be planned for minimum water consumption of ~110 
l/person/day. In the mechanical units, the assembly and the 

disassembly furthermore to lift the pumps, a lifting sleeve or base 
must be installed, for which a lifting stand with manual or electric 

lifting must be provided. At least two pumps must be designed for 
the station, one of which is operational and the other is in 

alternating operation [12]. An important consideration when sizing 

a two-pump lift is that the operating pump can deliver the maximum 
amount of wastewater entering the well. The installation of shut-off 

valves in the connecting sewage line is necessary to stop sewage 
flow during the cleaning, inspection, and repair of the equipment 

[13]. 

The process flow 

Figure 1 shows the process flow diagram of the designed 

sewage pumping station. It is the major part of the process of the S-
101 pre-separator and the two solids separator S-102 and S-103. 

Sewage is transported by the P-101 and P-102 pumps. Sewage is 
temporarily stored in the V-101 vessel. The inlet wastewater enters 

the well in the line 1. In the pre-separator S-101, larger 
contaminants (~ 60 mm <) are suspended on a stainless steel metal 

grid. During periodic maintenance, the detached materials can be 
removed manually via the openable lid on the top of the pre-

separator. If critically high volume wastewater enters and therefore 

both pumps are running, or something clogs the separator, the 
wastewater flows directly into the buffering vessel through two 

overflows through a grid filter. If the water level in the pre-
separator rises due to a fault, an ultrasonic level transmitter sends an 

alarm to the control panel. The function of the HV-101 and HV-102 
knife-gate valves is to ensure that one line can be disconnected 

during service while the other can still operate the lift. In this case, 

if the pump is running on the operating line, sewage can also enter 
the vessel via the overflows. The P-102 pump is running in the 

figure, which is why the non-return valve CV-102 is closed. The 
wastewater thus enters the solids separator S-102 through the open 

CV-101 valve. 

Contaminants (~ 10 mm <) get stuck on a perforated plate in the 
solids separator shown in Fig. 2. Water and smaller contaminants 

flow through the fixed impeller of the P-101 pump. The knife-gate 

valves HV-103 and HV-104 function to close the buffering vessel 
during maintenance of the pump. Sewage collects in the V-101 

vessel until one of the pumps runs at the signal of the level sensor, 
in this case, P-102, which is shown in Figure 1.  

Line 5 exits the wastewater from the buffering vessel and enters 

the S-102 solids separator through the pump. The CV-102 non-
return valve is closed, so the sewage can only continue on line 6. 

Fig. 1. Process flow diagram of the planned dry well sewage pumping station with solids separator 

INTERNATIONAL SCIENTIFIC JOURNAL "MATHEMATICAL MODELING" WEB ISSN 2603-2929; PRINT ISSN 2535-0986

56 YEAR V, ISSUE 2, P.P. 55-58 (2021)



The solids take away the contaminants trapped in the previous 
charging cycle from the separator. The function of the non-return 

valves CV-103 and CV-104 are twofold: on the one hand, if the 
pump is running on one line, the valve is closed on the other line, 

sewage cannot flow back into the system; on the other hand, if none 
of the pumps is running, the valves retain the wastewater left in the 

discharge line. In the operational process shown in Figure 1, the 

CV-103 is open, and the CV-104 is closed. When both pumps are 
stopped, both non-return valves are closed, thus preventing the 

backflow of sewage left in the discharge pipe. The HV-105 and 
HV-106 knife-gate valves are used to break the well. The two lines 

merge into a “trouser” profile tube, and the medium exits the well 
via the current line 8.  

3D parametric model 

The parametric model was created with Autodesk Inventor 

2021. The goal was to create a model in which the dimensions and 

solutions used could be changed flexibly. The number of certain 
parts (e.g., the number of steps of the ladder) suits the specific 

needs. In the created model, certain units can also be replaced 
according to your needs: pumps, gate valves, valves, and flanges, 

among others. Based on some input data (incoming wastewater 
volume flow, level of outlet and inlet lines, etc.), the program 

automatically generates a pumping station of the appropriate size. 

Almost all of the dimensions in the model are parametric.  The 
given size can be imported from an Excel spreadsheet or determined 

from another part’s size. To eliminate component constraint, the 
larger station components were made as a Multibody model. This 

means that the parts of an assembly were created in a file, the shape 
features were modeled as an independent body (Solid), creating 

them one after the other. The assembly model can be generated 
from the resulting Multibody Part file. When drawing, I used the 

iLogic function, which allowed me to determine the individual 

dimensions of the model automatically. The program fills in each 
field of the iProperties window containing the model information 

based on the entered code. The parametric 3D model of the 
prepared equipment is shown in Fig. 3. 

For the station shown in Fig. 3 the wastewater enters the well 

via a DN250 knife-gate valve and then leaves the DN80 discharge 
line above it after buffering and pumping. A bracket supports the 

large and consequently heavy gate valve at the feed welded to the 

wall. On the outside of the well is a stiffening ring that increases the 
resistance of the wall to external pressure. All pipes passing through 

the wall are polymer, thus allowing plastic welding and good water-
resistant. A standard cast iron manhole cover with a diameter of 600 

mm was fitted to the well. A guide rail is screwed onto the steps of 
the well ladder into which the fall arrester slider can be inserted, 

which is connected to the maintenance strap with a carabiner. The 

lighting is provided by two luminaires insulated against splashing 
water fixed opposite each other on the wall of the well. A fan 

extracts exhaust gas to the left of the ladder. Fresh air flows in 
through a pipe to the right of the ladder.  

A submersible pump is placed in the sump at the bottom of the 

well to remove the leachate generated in the well. Under cover of 
the well was placed a steel support structure, the role of which is 

Fig. 3. The planned dry well sewage pumping station with solids separator with specific dimensions 

a) well + pumping station; b) pumping station machinery 

Fig. 2. Solids separator 

a) solids separator housing b) Separation unit with non-return valve 
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twofold: on the one hand, it strengthens the cover against loads 
coming from the surface; on the other hand, it serves as a fixing 

point for lifting work to be carried out in the well. A 200 mm thick 
layer of reinforced concrete has been placed at the bottom of the 

well, into which the pumps and the vessel can be fixed, and the 
weight of the concrete also has a positive effect against the well 

floating. 

4. Conclusion

I examined the most important parts and properties of pumping 

stations through examples of market equipment. Considering the 
literature sources, the needs of the market, and the requirements of 

the relevant standards, I designed a dry well sewage pumping 
station with solids separator. 

For the designed station shown in Fig. 3 has an outer diameter 

of 2200 mm and an inner diameter of 2000 mm, and a height of 

5000 mm. The machinery in the well can transport incoming 
wastewater with a volume flow of 18 m3/h at the height of 13.7 m. 

With the help of the parametric model and the available mechanical 
elements, the machine family consisting of the current construction 

is suitable to meet the following needs: HDPE well external 
diameters 2.2–3.6 m; transport height 8–30 m; incoming wastewater 

volume flow 10–300 m3/h. 

During the technical calculations, I also performed the 

mechanical sizing and hydraulic testing of the well. The hydraulic 
resistance of the sewage pump on the discharge side and the 

inspection of the wall under the effect of ground pressure were also 
determined. I determined the minimum weight needed to keep the 

well underground, thus eliminating the risk of floating.  

Dry well sewage pumping technology is not widespread in 
Europe at all. Because of this, not only is the research potential 

great but entering a well-prepared market can be very lucrative. 

Replacing wet well pumping stations improves the operational 
safety of wastewater transport, reduces the burden on the 

environment, and makes operation and maintenance safer. 

5. Acknowledgments

I greatly appreciate the financial funding provided by Gedeon 
Richter Plc. Centennial Foundation and Gedeon Richter’s Talentum 

Foundation (H-1103 Budapest, Gyömrői str. 19-21., Hungary). This 

work was supported by the International Youth Conference 
Scientific Competition of the Hungarian Academy of Sciences and 

the Hungarian Ministry of Human Capacities (NTP-NFTÖ-20-B-
0015). Special thanks to Szabolcs Plenter and Ádám Gripp for their 

help in this work. I also greatly appreciate the technical support by 
Ble-SYS HEWA Kft. 

6. References

1. “Utility systems; Digital Textbook.”

https://regi.tankonyvtar.hu/hu/tartalom/tamop412A/2010-

0019_Kozmurendszerek/index.html (accessed May 12, 2021).
2. “Design Standards for Sewage Pumping Stations and Force

Mains - Section 3,” p. 7.
3. “Wastewater Technology Fact Sheet: Sewers, Pressure,” p. 9.

4. KSB, “AmaDS3 Solids Separation System 
Installation/Operating Manual.” [Online]. Available: 

https://shop.ksb.com/ims_docs/00/00215A9B0E3B1ED881D94

C6D9D2FA722.pdf
5. “Hydro-Vacuum S.A. Grudziadz -.” http://www.pumps-

hv.com/sewage_pumping_station.php#ad-image-0 (accessed
May 31, 2020).

6. TALIS, “STRATE Catalogue 2020.” [Online]. Available: 
https://www.strate.com/fileadmin/downloads/STRATE_Katalog

_2020_EN_complete.pdf
7. “Dry well pumping stations ETS,” Ecol-Unicon. https://en.ecol-

unicon.com/products/pumping-products/dry-well-pumping-

stations/ (accessed May 12, 2021).
8. “ID1600 SSS Pumping station for wastewater,” Innovative

Water Systems. https://www.iwsgroup.ee/en/products/sss-
pumping-stations/id1600-strong-sss-pumping-station-for-

wastewater/ (accessed May 31, 2020).
9. “wilo56366.pdf.” Accessed: May 31, 2020. [Online]. Available: 

https://cms.media.wilo.com/dcidocpfinder/wilo56366/1542130/

wilo56366.pdf
10. “Dry well pumping station,” Instalcompact sp. z o.o.

https://instalcompact.pl/en/technologies/wastewater-
technologies/dry-well-pumping-station/ (accessed May 12,

2021).
11. “Kordes KLD Wasser- und Abwassersysteme GmbH | Über

uns.” https://www.kordes.de/pumpstationen/pumpstation-mit-
feststofftrennung (accessed May 31, 2020).

12. “ME72010.pdf.” Accessed: Sep. 23, 2019. [Online]. Available: 

https://dmrvzrt.hu/static/internet/download/ME72010.pdf
13. György S., “Műszaki egységesítési irányelv közüzemi 

víziközművekre,” p. 150.

INTERNATIONAL SCIENTIFIC JOURNAL "MATHEMATICAL MODELING" WEB ISSN 2603-2929; PRINT ISSN 2535-0986

58 YEAR V, ISSUE 2, P.P. 55-58 (2021)




