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Abstract 
BSN Medical (Pinetown) requested a proposal for a rainwater harvesting system for their factory at GillitsRoad in 
Pinetown. Rainwater from hard-surface areas totalling 16000m2 flows to a single storm water manhole by two 
subsurface storm water lines, one 160mm diameter line and one 440mm diameter line. The 440mm line is located 
2530mm below the ground level, and the 160mm pipe is located approximately 1000mm below the ground level. For 
cost reasons the rainwater needs to be stored in above ground tank(s). Above ground tanks are significantlycheaper to 
construct than underground tanks. In order to get the rainwater from below ground to above ground, a system 
comprised of a holding tank and sump pumps is required. The sump structure is designed around the WFF300 vortex 
filters. The filters form the heart of the system and the final design was arrived at through several iterations of the 
concept. The system design follows Tizagenix’s design philosophy with rainwater harvesting systems.  
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Introduction 
This report serves to describe the design process and the construction process of the rainwater harvesting system at 
BSN Medical’s factory at Gillits road in Pinetown.This report details the engineering on certain key components of the 
design, as well as the physical design of the system.  
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Theory 

Tizagenix’s design philosophy 
Tizagenix’sdesign philosophy with rainwater harvesting systems focuses on water cleanliness within the tanks. This is 
achieved through the implementation of the following steps: 

1. Good primary rainwater filtration 
2. First flush diversion 
3. Calming inlets 
4. Floating suctions 
5. Surface skimming overflows in the tanks 

Primary Rainwater Filter 

Much research and experience lead Tizagenixto the Wisy® range of primary rainwater filters. These filters screen all 
particulates larger than 0.28mm in the smaller filters and 0.38mm in the larger filters from the water before it enters 
the tanks. This greatly limits the amount of contamination that can occur in the water. The operation of the filter also 
removes the need for a first flush diverter. When the filter is dry the first amount of water flows freely over the filter 
mesh. Only when the screen is wet, and water starts flowing through the filter does it start becoming effective. This 
characteristic provides a first flush mechanism.  

The self-cleaning operation of the filters also means that decaying bio-matter is not left in the path of water flowing into 
the tanks, only for the contaminants to be transported into the tanks in the next rainfall, as is the case with inline 
screens. There are two mechanisms which drive the water through the filter screen. Water adhering to the perforated 
layer behind the filter screen and the negative pressure created by the filtered water flowing through the sealed 
transport piping. The operation is very effective and results in an average annual efficiency of 95%. The 5% of water lost 
is what is used to flush the filtered debris away. This efficiency has been independently verified by in house testing. 

First Flush Diversion 

Between rainfalls the collection surface collects contaminants like leaves, animal droppings, dust ect. The first lot of rain 
that comes off the roof carries the highest concentration of these contaminants. A first flush diverter discards this first 
lot of water. As discussed in the primary rainwater filter explanation, the Wisy® achieves a degree of first flush diversion 
through their operation.  
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Calming Inlets 

Fine sediment carried in by the inflowing water settles on the floor of the tank. This layer harbours microbes that 
provide a natural treatment to the water inside the tank, thus the layer is referred to as the bio-layer. A calming inlet 
slows the incoming water and diverts it up away from the bio-layer, thus preventing the inflowing water from disturbing 
the bio-layer. The calming inlet is placed at the bottom of the tank. This improves the quality of water in two ways: the 
first by providing oxygen rich water to the bio-layer which encourages aerobic microbial action, and the second by 
reducing the distance any fine particulates need to travel to settle out of the water. In biological water treatment, two 
types of reactions occur: aerobic and anaerobic. Aerobic reaction consumes gaseous oxygen, is much more effective and 
the by-products of these reactions are mostly H2O (water) and CO2 (Carbon dioxide). Anaerobic reaction is less effective 
and produces primarily CH4 (Methane) and H2S (Hydrogen sulphide, rotten egg smell) as by-products. This is what gives 
old grey water and stagnant water its smell.  

Floating suction 

The floating suction sits just below the surface of the water. This top layer of water is the oldest and cleanest water in 
the tanks. It has the lowest concentration of entrained particulates, and has had the longest 'treatment' time with the 
healthy natural microbes. The floating suction also prevents suction vortices from disturbing the bio-layer and therefore 
also prevents settled sediment from being drawn into the supply system. The floating suction also ensures proper water 
circulation, as the tanks are essentially filled from the bottom, and being emptied from the top.  

Skimming overflows 

Some of the debris and contaminants float to the surface and form a layer of floating debris. Debris such as pollen and 
oil based matter form a floating layer on the water surface. This builds up over time and eventually insulates the water 
from the air. This prevents the transfer of oxygen into the water, reducing the amount of aerobic microbial action that 
takes place. The overflows are designed so that the floating debris will get discharged out the tank when the tanks 
overflow. The overflows generally have a P-trap and an insect screen to prevent the possibility of any vermin from 
entering the tank. It is for this reason rainwater tanks should be sized to overflow at least twice a year.  

By ensuring the above steps are implemented in a rainwater harvesting system, the quality of water will be vastly 
improved, even before the water undergoes any post filtration. 

Post Filtration 

In potable systems the following post filtration steps are implemented: 

1. Fines filtration 
2. Activated carbon and KDF treatment 
3. Ultra-Violet Sterilisation 

Fines filtration 

Various methods are used for removing the fine particulates from the water. We generally filter all particulates larger 
than 1 micron from the water. In some domestic installations a back-washable sand filter which removes particulates 
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larger than 80 micron is the first step, then a 20 micron pleated cartridge filter followed by a 1 micron pleated cartridge 
filter. 

Activated Carbon and KDF 

The activated carbon and KDF unit treats the water for any residual colour and odour that might be present in the 
water. It also removes chlorides and heavy metals from the water.  

Ultra-Violet Sterilisation 

The UV steriliser kills 99.9% of all microbes that might still be present in the water.  

The above steps are scalable and can be applied to large industrial scale installations as well as small domestic systems.  

Water tested from systems installed with the above steps, consistently produce water of better quality than that of the 
municipal supply. 

In non-potable systems only fine’s filtration is necessary.  

  



7 
 

Wisy® Vortex Filter Operation Explained 
 

 

Figure 1: Wisy® WFF300 filter next to 1.85m tall mannequin for size comparison 

 
The Wisy® WFF300 vortex filter forms the heart of the system. The filter makes use of a vertical mesh screen to separate 
the entrained debris, larger than 0.38mm, from the rainwater.The filtered debris gets flushed out the 316mm discharge 
nozzle at the bottom of the filter. The filter is on average 95% efficient, i.e. 95% of the rainwater entering the filter 
leaves through the 200mm filtered water discharge nozzle.  

The principles that govern the operation of the filter are not obvious and can be somewhat counter-intuitive. 

The filter element is constructed with an outer perforated layer which is crucial to its operation as well as the inner 
mesh screen. Figure 2 shows the filter element. 
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Figure 2: Filter Element depicting inner mesh and outer perforated layer 

The primary function of the vortex action is to distribute the water evenly across the filter screen. There are three 
mechanisms which drive the water through the filter.  

The first mechanism exploits waters affinity to adhere to hard surfaces. When water is flowing through the filterit 
adheres to the outer perforated layer and the water is drawn through the mesh screen as the water flows down the 
outer layer.  

The second mechanism uses the continuity of water flowing through the filter element to draw the water through the 
filter mesh. The chamber in the filter body in which the filtered water flows into immediately after leaving the filter 
element is sealed. Water exiting the discharge nozzle lowers the pressure within the chamber. The difference between 
atmospheric pressure and the pressure within this chamber drives water through the filter mesh. This mechanism can 
be enhanced by the piping design of the 200mm line conveying the filtered water away from the filter. An 87.5deg 
elbow, facing downwards, fitted directly to the 200mm discharge nozzle, increases the effectiveness of this mechanism. 
A piping design which breaks up the water falling through the vertical discharge piping section, will entrain air, which 
helps evacuate the air in the chamber, thus further lowering the pressure in the chamber. Figure 3 shows a cut-away of 
the filter, which depicts the sealed chamber. 
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Figure 3: Wisy WFF 300 cut-away 

The third mechanism which drives the water through the filter, is the centrifugal force exerted on the filter mesh, due to 
the vortex action of the filter. This mechanism is only significant at higher inlet flow rates. The tangential velocity of the 
water swirling around and against the filter element causes an increase in water pressure near the filter mesh. This 
further raises the pressure difference between the water just inside the filter mesh and the sealed chamber within the 
filter body.  

If the installation guidelines of the manufacturer are followed and the filter element is cleaned regularly, then the filter 
will return the efficiencies the manufacturer claims. 

A useful trait of the filter design is that water stops flowing through the filter element when the filtered water chamber 
is full. This can be used for level control of the tank, by setting the filter at the same height as the maximum fill level of 
the tank.   
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Defining Parameters 
1. Total rainwater capture surface area of rain-water harvesting system: 16 000m2 

2. Total tank volume as specified by BSN: 500 000 litres 

3. Specified maximum demand flow rate of plant: 10m3/hr (166.67 litres/min) 

4. Average daily water consumption: 65 000 litres. 

5. Average annual rainfall: 1000mm 

6. System needs to allow for future expansion to 1000 000 litres storage capacity. 

Concept of system 
The concept of the system is: Intercept the underground storm-water line, divert the storm water to a bank of primary 
filters to separate the rainwater from the entrained debris, hold the filtered water in a holding tank, and pump the 
water to the main above ground storage tank(s).  

 

Figure 4: Flow diagram of Initial concept 
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The system would have all the elements of Tizagenix’s rainwater harvesting system design philosophy. The calming inlet 
would be situated in the main storage tank and the water would be drawn out of it via a floating suction. The water is 
being supplied to non-potable services and therefore needs only fines filtration.  



 

Simulation of system using Matlab® Simulink®
 

A simplified model of the system was created on Matlab® Simulink®.
the systems expected performance, and to establish the expected efficiency of the

A Rainfall input signal was created that had the same characteristics

Since only 4 Wisy WFF300 filters are specified for the system the average efficiency of 9
specified surface area per filter of 3000m
Durban’s rainfall patterns are very similar to Germanys. Each filter will be handling 4000m
chart the average flow rate of 9 l/sec was adjusted by 1.33 to 12l/sec, and the new efficiency was found to be 92%.
applicable curve is curve D.  

A daily water consumption of 65 000l was used for the simulation. 

imulation of system using Matlab® Simulink® 

A simplified model of the system was created on Matlab® Simulink®. The objective of the simulation was to investigate 
the systems expected performance, and to establish the expected efficiency of the overall

had the same characteristics as the recorded average for Durban

Since only 4 Wisy WFF300 filters are specified for the system the average efficiency of 9
3000m2 for German rainfall patterns would return an average efficiency of 95%

patterns are very similar to Germanys. Each filter will be handling 4000m
chart the average flow rate of 9 l/sec was adjusted by 1.33 to 12l/sec, and the new efficiency was found to be 92%.

000l was used for the simulation.  

12 

The objective of the simulation was to investigate 
overall system.  

as the recorded average for Durban. 

 

Since only 4 Wisy WFF300 filters are specified for the system the average efficiency of 92% was used in the model. The 
would return an average efficiency of 95%. 

patterns are very similar to Germanys. Each filter will be handling 4000m2. So using Wisy®’s efficiency 
chart the average flow rate of 9 l/sec was adjusted by 1.33 to 12l/sec, and the new efficiency was found to be 92%. The 
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A screen shot of the Simulink model is shown on the following page. The inputs are on the left and the outputs are on 
the right. The outputs are the overall efficiency of the system, the total quantity of rainwater harvested by the system, 
and the resultant tank level vs time graph.  
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The Simulink results show the system to have an overall efficiency of 78.1%. 8% of the rainwater is lost through the filter 
flush line and the remaining 13.9% is lost as a result of the tanks reaching full capacity and no longer being able to 
accept water. The results show that 12.5 million litres of rainwater is expected to be harvested a year by the system.  

 

Figure 5: Rainwater input signal, x-axis: days, y-axis: mm of rain 

 

Figure 6: Resultant 500kl Tank level, x-axis: days, y-axis: litres of water in tank 
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The inputs were changed to reflect the expansion of the system.  The filter efficiency was set at 96% and the tank 
volume was changed to 1000 000 litres.  

The Simulink results show the upgraded system to have an overall efficiency of 90.9%. The results show that 14.48 
million litres of rainwater will be harvested a year by the upgraded system.  

 

Figure 7: Resultant 1000kl Tank level, x-axis: days, y-axis: litres of water in tank 

It can be seen that the upgraded system only reaches full capacity on two periods in a year. This is a characteristic of a 
system with correctly sized tanks.  
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Cost saving analysis based on results of system simulation 
The total cost per Kl of water at current tariffs is R31.55 (2016/2017 financial year). This amount includes wastewater 
disposal tariffs and VAT.  If the trend of above inflation tariff increases is not used and the tariff increases are assumed 
to be equivalent to inflation, then the annual water savings will be: 

1. R394 375.00 for the 500kl tank system. 
2. R456 844.00 for the upgraded 1000 kl system. 

This equates to a return on investment period of 4.69 years for a the initial system with a project value of R1 850 000.00 

The upgraded system would be approximately R850 000.00 extra, translating to a total project cost of R2 700 000.00. 
This would translate to a return on investment period of 5.91 years.  

The following table shows the tariff prices from 2010 to 2017, and the above inflation increases that have been 
imposed. 

Year Water Charge 
R/kl (Ex Vat) 

% Increase over 
previous year 

Inflation % Above inflation of 
increase 

2010 R 8.87 10.11% 3.37% 6.74% 
2011 R 9.98 12.51% 6.41% 6.10% 
2012 R 11.23 12.53% 5.71% 6.82% 
2013 R 12.97 15.49% 5.30% 10.19% 
2014 R 14.59 12.49% 5.32% 7.17% 
2015 R 16.47 12.89% 5.23% 7.66% 
2016 R 18.59 12.87% 6.50% 6.37% 
2017 R 21.55 15.92% 6.50% 9.42% 

 

The average above inflation increase works out to be 7.56%. If this is used in the calculation of the return on investment 
period then the payback periods work out to be: 

- 3.61 years for the 500kl system 
- 4.32 years for the upgraded 1000kl system 

Running costs were not included in the calculations of the above figures. There is very little maintenance required for 
the system. Running costs include electricity for the different pumps and repair/replacement of various components.  
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Design Process 
The first conceptual idea was to use polypropylene rotor-moulded tanks. Figure 8 depicts the concept. The concept was 
rejected due to the suspect reliability of plastic tanks, difficulty with tying the system into the storm water line and not 
being able to expand the system in the future.  

 

Figure 8: Initial sump tank concept 

Subsequent concepts were considered involving underground headers and concrete tanks. A final concept was arrived 
at that would allow simple future expansion of the system, ready access to the equipment for maintenance and repair 
and simple monitoring of the water flow to the inlet of the filters. The filter inlet manifold is an open channel where the 
flow behavior can be monitored and modifications can be simply and cheaply implemented should the need arise. The 
following images depict the final concept.  
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Figure 9: Angle depicting sump tank internals 

 

Figure 10: Angle depicting primary rainwater filters and piping 
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Figure 11: Angle depicting distribution channel 
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Figure 12: Sump tank in context of site 

The final concept would make use of four Wisy® WFF300 primary vortex filters, two 30l/sec sump pumps, one low level 
jockey pump and one 500kl rainwater storage tank. The intention is to upgrade the system in future to six Wisy® 
WFF300 primary vortex filters, three 30l/sec sump pumps and two 500kl rainwater storage tanks. The final design allows 
for the simple installation of the two additional vortex filters and a third sump pump.  

The sump pumps have been sized to match the maximum inflow rate of water into the tanks. Each vortex filter has a 
maximum throughput of filtered water of approximately 15.2l/sec.  

The system has been designed such that when the storage tank is full, the large sump pumps are turned off, (The jockey 
pump still runs, so that the storage tank overflows and discharges the floating debris). In heavy rains this will result in 
the sump tank filling up. The sump structure has been designed to make use of the WFF300’s level control capability. 
This means that water cannot overflow out the manholes of the sump tank. When the sump tank is full, water stops 
flowing through the filter element, and flows directly through the flush-line of the filter into the flush-line manifold. 
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Figure 13: Cut-away showing maximum fill level of sump tank 
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Sizing of equipment supported by engineering analysis and manufacturing information 
 

Analysis of head loss in transfer line between the sump pumps and tank diffuser. 
Each sump pump discharges into a 110mm PVC line which consists of a wafer check valve, elbow, ball valve and a 
110x200 tee. Figure 7 shows these components. The maximum flow rate through this line at design conditions will be 
30l/sec. The design conditions used for the analysis are; when maximum flow occurs when the tank is near full, such 
that the maximum possible static head is used in the system curve of the transfer line. 

The 110 branch lines feed into a 200mm header line. The header line consists of two 90deg elbows, a gate valve and a 
distributer.  

Pressure drop calculations were done on the line and a suitable pump was selected that could provide the desired flow 
rate at the calculated pressure.  

Pressure drop calculations 

110 line 

Static Head Loss 
 

Hs = 0 m 

      Pipe Internal Diameter 
 

Di = 100 mm 
Flowrate 

 
Q = 1800 l/min 

Average Velocity of Fluid 
     V = Q*16,67*4 / (π*Di

2) 
 

V = 3.82 m/s 

      Density of Water 
 

ρ = 996 kg/m3 
Dynamic Viscosity of water (20°C) 

 
μ = 0.001002 Pa·s 

Reynolds Number 
     Re=ρVDi/μ 
 

Re = 379703 
 

      Material Roughness 
 

e = 0.0015 mm 
Relative Roughness of pipe 

 
e/D = 0.000015 

 Resultant Friction Factor from Moody Diagram 
 

f ≈ 0.014 
 

      Length of pipe being considered 
 

L = 3.45 m 

      Head Loss due to pipe 
     hl=f*L/D*V2/2 
 

hl = 3.5 m2/s2 

Hl=hl/g 
 

Hl = 0.36 m 
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Figure 14: Moody diagram 
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Fittings Equivalent Pipe Length 
Per Fitting     

     Valves (Fully Open) 
   

Le/D Le (m) Count Total 
 Gate Valve 

   
8 0.8 0 0 

 Globe Valve 
   

340 34 0 0 
 Angle Valve 

   
150 15 0 0 

 Ball Valve 
   

3 0.3 1 0.3 
 Globe Lift Check Valve 

   
600 60 0 0 

 Swing Gate Check Valve 
   

55 5.5 1 5.5 
 Poppet disk foot valve with strainer 

   
420 42 0 0 

 Hinged disk foot valve with strainer 
   

75 7.5 0 0 
 90 Standard Elbow 

   
30 3 0 0 

 45 Standard Elbow 
   

16 1.6 0 0 
 Return Bend  

   
50 5 0 0 

 Standard Tee: Flow through run 
   

20 2 0 0 
 Standard Tee: Flow through Branch 

   
60 6 1 6 

 
         Total Equivalent length of fittings 

 
LeT = 11.8 m 

   
         Head Loss due to Fittings 

        hl2=f*LeT/D*V2/2 
 

hl2 = 12.1 m2/s2 
   Hl2=hl2/g 

 
Hl2 = 1.23 m 

   
         
         Total System Head loss 

 
HT = 1.5878 m 

   
 

or 
 

= 15.55 KPa 
   

 
or 

 
= 0.155 Bar 

   The total friction head loss of the 110 branch is calculated to be 1.59m. 
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200mm line 

Static Head Loss 
 

Hs = 0 m 

      Pipe Internal Diameter 
 

Di = 184 mm 
Flowrate 

 
Q = 5400 l/min 

Average Velocity of Fluid 
     V = Q*16,67*4 / (π*Di

2) 
 

V = 3.38 m/s 

      Density of Water 
 

ρ = 996 kg/m3 
Dynamic Viscosity of water (20°C) 

 
μ = 0.001002 Pa·s 

Reynolds Number 
     Re=ρVDi/μ 
 

Re = 619080 
 

      Material Roughness 
 

e = 0.0015 mm 
Relative Roughness of pipe 

 
e/D = 8.15217E-06 

 Resultant Friction Factor from Moody Diagram 
 

f ≈ 0.0125 
 

      Length of pipe being considered 
 

L = 22 m 

      Head Loss due to pipe 
     hl=f*L/D*V2/2 
 

hl = 8.6 m2/s2 

Hl=hl/g 
 

Hl = 0.87 m 
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Fittings Equivalent Pipe Length 
Per Fitting    

    Valves (Fully Open) 
   

Le/D Le (m) Count Total 
Gate Valve 

   
8 1.472 1 1.472 

Globe Valve 
   

340 62.56 0 0 
Angle Valve 

   
150 27.6 0 0 

Ball Valve 
   

3 0.552 0 0 
Globe Lift Check Valve 

   
600 110.4 0 0 

Swing Gate Check Valve 
   

55 10.12 0 0 
Poppet disk foot valve with strainer 

   
420 77.28 0 0 

Hinged disk foot valve with strainer 
   

75 13.8 0 0 
90 Standard Elbow 

   
30 5.52 2 11.04 

45 Standard Elbow 
   

16 2.944 0 0 
Return Bend  

   
50 9.2 0 0 

Standard Tee: Flow through run 
   

20 3.68 2 7.36 
Standard Tee: Flow through Branch 

   
60 11.04 1 11.04 

        Total Equivalent length of fittings 
 

LeT = 30.912 m 
  

        Head Loss due to Fittings 
       hl2=f*LeT/D*V2/2 
 

hl2 = 12.0 m2/s2 
  Hl2=hl2/g 

 
Hl2 = 1.23 m 

  
        
        Total System Head loss 

 
HT = 2.0990 m 

  
 

or 
 

= 20.55 KPa 
  

 
or 

 
= 0.206 Bar 

  The total friction head loss of the 200mm line is calculated to be 2.10 m. 

The maximum static head is approximately 9m. This gives a total head of 12.69m. Each sump pump is required to deliver 
a flow rate of 30l/sec (1800 l/min) at 12.69m head, in order for the system to deliver maximum efficiency. It’s worth 
noting that the static head varies between 4.8m when the tank is empty and 9m when the tank is full, so the pumps are 
to a certain degree over-specified. The following image shows the pump curve and duty point of the selected pump at 
the design conditions.  

(Fox, Pritchard, McDonald.Introduction to Fluid Mechanics,  7th Edition, Wiley.) 
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Pump Selection 
 

 

Figure 15: Sump pump curve 
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Figure 16: Selected sump pump shown next to a 1.85m tall mannequin for scale 
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Figure 17: Render of calming inlet/diffuser, which is placed inside the main storage tank 

 

Figure 18: Cutaway of the diffuser showing the slots in the 200mm pipe. The total cross sectional area of both slots is greater than the cross 
sectional area of the pipe. 
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Figure 19: Sump cutaway depicting the 110 branches of the transfer line header manifold 
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Final PFD 
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Operation logic of sump pumps 
 

The sump pumps are configured such that one sump pump (Pump 1) is driven by a variable frequency drive (VFD) and 
the other sump pumps (Pump 2 and Jockey Pump)are set to run at synchronous speed. The VFD receives a 4-20mA 
signal from an ultrasonic level transducer via an indicator. The indicator has the operation logic ofPump 1 and Pump 2 
programmed into it. The indicator sends the 4-20mA signal to the VFD.  

The water level within the sump tank is used to control the sump pumps. The minimum allowable water level is limited 
by the sump pumps requirement that half the motor needs to be submerged for cooling. The maximum allowable water 
level is limited by the filter discharge piping.  The following image depicts the water levels within the sump tank. 

 

Figure 20: Water levels within sump tank 

The water level within the operating range is used to control the VFD pump. P, PI or PID control can be used to control 
the speed of sump pump. Since it is not required that an exact water level is maintained, proportional control is 
sufficient. The output frequency of the VFD can be directly proportional to the water level. The minimum allowable 
frequency of the pump is 15 Hz, The maximum allowable frequency is typically +-95% of input frequency, so 48 Hz. A 
water level of 550mm can equate to an output frequency of 15 Hz, while a water level of 715 can equate to an output 
frequency of 48 Hz. The water levels are arbitrary. The relationship would be F = 0.2(H-550)+15, 550 ≤ H ≤ 715, where F 
is the frequency in Hz and H is the water height in mm. 
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The jockey pump is set to run whenever the water level inside the sump tank is higher than a preset level.  

The Direct-on-line (DOL) Pump (Pump 2) is configured such that it is turned on at a high level, and off at a low level. In 
this system it can be set to turn on when the water level reaches850mm, and off when the water level drops to 560mm. 
When the inflow rate exceeds the discharge capacity of Pump 1, the water level will rise to 850mm. Pump 2 will start 
and run at synchronous speed. The water level will drop and the discharge flow rate of pump 1 will drop until the 
combined discharge flow rates match the inflowing rate from the filters. When the inflow rate drops again, the water 
level will drop to 560mm and Pump 2 will stop. The water level will rise until the discharge rate of pump 1 plus the 
discharge rate of the jockey pump matches the inflow rate from the filters. 

A Simulink® model of the sump system was created in order to test the response of the system. See appendix A for 
more information on the Simulink model. The input rainwater signal was replaced with a simplified ramp up and ramp 
down signal to test the response of the system. The system was modeled with the high level float switch deactivated 
and the storage tank full, to give the maximum static head. The input signal, the sump tank level and the flow rates of 
the three pumps were plotted on the same graph to depict the systems response. Figure 21 shows the resultant 
response of the system to the input signal. 

 

Figure 21: Resultant sump pump flow rates to ramped input flow rates 

The blue curve is the input signal, the inflow rate (l/sec), the purple curve is the resultant tank level (cm), the green 
curve is the jockey pump flow rate (l/sec), the turquoise curve is the VFD sump pump (Pump 1) flow rate (l/sec), and the 
red curve is the DOL sump pump (Pump 1)flow rate (l/sec). It can be seen that the modeled system responds as per the 
described logic. 
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Sump tank performance analysis 
 

A model of the sump tank system was created on Matlab® Simulink®. See Appendix A. The objective of the simulation 
was to investigate the systems expected behaviour in a heavy rainfall event, and to verify whether a third sump pump is 
necessary as this represents a significant upgrade cost. It was suspected that a third sump pump was not necessary as 
the main storage tanks would fill up either way in the kind of rainfall events that would require a third sump pump. 

On the 25 July 2016 approximately 207mm of rain fell in Amanzimtoti in a 24hr period. The Amanzimtoti rainfall data-
logger records the amount of rain that falls over 5min periods. This data was used as the input signal to the Simulink 
model of the sump tank to test the response of the system to this kind of extreme rainfall. It is expected that the VFD 
driven sump pump would do the majority of the work in most rainfalls as the inflowing rainwater very seldom exceeds 
the pumping capacity of a single sump pump. The simulation is used to test how often the second sump pump, the DOL 
pump, comes on line. The simulation was run with a 1000 m3 storage capacity initially at zero, 6 WFF300 filters and two 
main sump pumps.  

 

Figure 22: Rainfall Data input signal X-axis: 5min intervals, Y-axis mm/5min 
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Figure 23: Resultant sump tank flow rates, Turquoise Curve is filtered water inflow rate, Red curve is VFD pump flow rate, Green curve is DOL 
sump pump flow rate, Blue curve is jockey pump flow rate. 

In Figure 23, it can be seen that the DOL pump only comes online for a very short time when the inflowing rate peaks. 
Both pumps soon turn off around the 175th 5min interval. This is due to the main storage tank reaching maximum 
capacity and the float switch turning the main sump pumps off. The jockey pump still runs, in order to discharge the 
floating debris out the main storage tank overflows. It can be seen from the simulation that a third sump pump is not 
necessary in the upgraded system, as it will make very little difference to the overall quantity of water harvested. 

In conclusion, the type of rainfall events that would require a third sump pump to have any effect on the quantity of 
water harvested is sudden, short, intense rainfall events, occurring at a time when the tanks are nearly full. Using sound 
engineering judgement it can be concluded that a third sump pump would not justify the costs involved. 

This represents a significant cost saving to the client as the total cost for an additional sump pump to be installed in the 
system would be around R150 000.00.  

NB. It must be noted that due to time constraints this investigation was done after the design was finalised, and 
therefore the design still makes allowance for a third sump pump.  
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Discussion 
During construction, the physical design of the system changed. The excavator hit bedrock before it could reach the 
intended depth. The result is that the sump tank was not as deep as originally intended. The original depth was 2m, and 
the revised depth became 1200mm. Due to the reduced height a more sophisticated sump pump control system was 
adopted. The original intention was to use float switches at various heights to turn the pumps on and off. The more 
sophisticated control system is a more energy efficient system, and therefore a better option.  

The client insisted certain changes be made to the design. One of the changes they wanted was that the jockey pump 
does not run when the main storage tanks are full, as they were unhappy with the amount of water that flows out of the 
tank overflows. There is a significant amount of oil that contaminates the harvested water which will form a floating 
scum layer within the storage tank. This layer can no longer be discharged as the tanks can no longer overflow, resulting 
in an inferior system. A smaller jockey pump, with a lower flow rate would have been a better option.  

Conclusion 
The design and design process of the rainwater harvesting system has been discussed and detailed in this report. The 
system was designed as per Tizagenix’s design philosophy and is expected to meet BSN’s performance requirements. It 
is expected that BSN will see a return on investment in water savings within 4 years. The system has been 
comprehensively designed and engineered and only small deviations from the expected performance are anticipated as 
a result. The rainwater system will help BSN achieve their environmental sustainability goals, as a result of their reduced 
water consumption.   
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Appendix A 

Sump Tank Simulink Model 
 

 

Figure 24: Sump Tank Simulink Model, Orange blocks represent the WFF300 Vortex filters, Red blocks represent the sump tank, Green blocks 
represent the VFD Sump pump, Magenta blocks represent the DOL sump pump, Yellow blocks represent the jockey pump, Dark greenblocks 
represent the transfer line and Turquoise blocks represent the main storage tank.  
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Figure 25: Sump-tank System broken down into Subsystems for clarity 

 

 

Figure 26: Wisy Filtration Subsystem 
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Figure 27: Transfer line pressure subsystem 
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Appendix B 

Flow analysis of distribution trough 
The 316mm discharge ports from the storm water pit are staggered by 10mm. The lowest port is on the end and the 
highest port is the first one. Ie. The first port in the trough is 50mm higher than the last one. The discharge ports were 
configured like this at the advice of the filter manufacturer. This configuration was not questioned.  

 

After observing the system in operation it was found that significantly more water was flowing through the last 
discharge port than then the first in moderate rainfall events, resulting in reduced efficiency of the last filter. It is 
thought that the flow of water into each filter should be roughly equal as this would return the best overall filtration 
efficiency. It is suspected that the first filter should have been the lowest and the last filter the highest, as the velocity of 
water decreases when it flows past each discharge port, which will result in a decrease in velocity head, and therefore 
an increase in static head, which will manifest itself in a higher water level. 

The purpose of this investigation is to find out what the change in height of water is after each discharge port, if the first 
discharge port was the lowest, and what corrective actions can be taken to improve the efficiency of the system, in the 
current configuration.  

The design flow rate of the system is the flow rate that returns an efficiency of 70% for the filters. This equates to a flow 
rate of 22l/sec per filter. This flow rate is used to find the approximate water levels at the discharge port of the last 
filter.  
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Bernoulli’s equation is used to find what height difference will give the flow rate of 22l/sec in the discharge port. Certain 
assumptions are made in order to arrive at a reasonable model of the flow conditions in the filter feeder pipe and the 
discharge port. These assumptions are based on observations of the system in operation. The model is considered 
adequate to arrive at a useful conclusion. 

 

The fall of the feeder pipe is 36mm. It is assumed that there is a 20mm drop between the static water level and the inlet 
of the discharge port, which results in a total of 56mm height difference. When observing the system in higher than 
average rainfall, the water level appeared to be a third of the diameter of the 316 pipe when entering the filter, when 
the water level was roughly halfway up the pipe in the distribution trough. These measurements were used in the 
calculation of flow rates. The height difference is approximately 103mm between the level in the trough and the level of 
water in the vortex filter. Using Bernoulli’s, this results in a velocity of 1.422m/sec. 
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Bernoulli's Equation 
    P1/ρg + V1

2/2g + z1 = P2/ρg + V2
2/2g + z2 

    
     Pressure at 1 P1 = atm pa 

Velocity at 1 V1 = 0 m·s-1 

Height at 1 z1 = 0.103 m 

Pressure at 2 P2 = atm pa 

Velocity at 2 V2 = ? m·s-1 

Height at 2 z2 = 0 m 

     V2
2/2g = z1 

    V2 = √(2g*z1) V2 = 1.422 m·s-1 
 

Using a flow rate of 22l/sec and an internal pipe diameter of 300mm the resultant height, h, of water at the end of the 
pipe is calculated. 

Q = A*V 
    A = Q/V 
    Velocity V = 1.422 m·s-1 

Flow Rate Q = 0.022 m3·s-1 

Area A = 0.0155 m2 

     
     Area circular segment  

    A = R2*cos-1((R-h)/R)-(R-h)√(2Rh-h2) 
    Diameter D = 0.3 m 

Radius 
    R =D/2 R = 0.15 m 

Level in pipe h = 0.0813 m 

     Cross sectional area of stream A = 0.0155 m2 
 

The height of the water above the bottom of the pipe is calculated to be approximately 81mm. The level of the water in 
the distribution trough is then calculated to be103mm above this level. A cut-out of the 3D model with the flow stream 
is shown in the following image.  
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Figure 28: Approximated flow behavior of stream in filter feeder line 

The water level in the trough that will feed 22l/sec into the filter is calculated to be 158mm above the trough floor.  
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The cross sectional area of the water in the trough is 1m x 0.152m = 0.152m2. If the overall flow rate is 22l/sec x 6 = 
132l/sec = 0.132 m3/sec, then the velocity of the stream will be 0.868 m/sec 

Q = A*V 
    V=Q/A 
    Flow Rate Q = 0.132 m3·s-1 

Area A = 0.152 m2 

Velocity V = 0.868 m·s-1 
 

The total head of the water in the trough works out to be 0.1964m or 196mm. 

Bernoulli Equation 
    P1/ρg + V1

2/2g + z1 = H 
    Water Density ρ = 996 kg·m3 

Gravitational constant g = 9.81 m·s-2 

Pressure at 1 P1 = 0 pa 

Velocity at 1 V1 = 0.868 m·s-1 

Height at 1 z1 = 0.158 m 
Total Head H = 0.1964 m 

 

If the static head at the first discharge port is 158mm at a flow rate of 132 l/sec, then the static head at the second 
discharge port works out to be 169.7mm or 170mm.  

z2 = H - P2/ρg - V2
2/2g 

    Water Density ρ = 996 kg·m3 
Gravitational constant g = 9.81 m·s-2 
Total Head H = 0.1964 m 
Pressure at 2 P1 = 0 pa 
Velocity at 2 V1 = 0.724 m·s-1 
Height at 2 z1 = 0.1697 M 
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Similarly the water levels work out to be: 

- Discharge port 1; 158mm  
- Discharge port 2; 170mm 
- Discharge port 3; 179mm 
- Discharge port 4; 187mm 
- Discharge port 5; 192mm 
- Discharge port 6; 195mm 

The flow behavior through the trough and the discharge ports is relatively complex and the behavior cannot be simply 
modeled based on the theory used in this analysis. The analysis does however answer conclusively the question to 
whether or not the discharge port heights were staggered incorrectly. It is concluded that the discharge port heights 
were staggered the wrong way for even distribution of the water through six filters. For even distribution of water at a 
flow rate of 132l/sec, the heights of the bottom of the ports above the trough floor should be should be staggered in the 
opposite way and not linearly.  

Simple access to the various components of the sump structure was part of the design criteria. Simple modifications to 
the discharge port inlets can be implemented cheaply as a result of the selected design. It is proposed that V-notch weir 
plates be added to the inlets of the discharge ports to evenly distribute the flow to the 6 filters. The design of the V-
notch plates in each inlet should differ slightly in order to keep the flow distribution roughly equal across the range of 
flow rates in normal rainfall. In higher flow rates the distribution can be uneven as it will have little effect on the amount 
of water flowing into the sump tank.   
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V-notch Weir Design 
The filters are on average 95% efficient. From the curve it can be seen that this equates to a flow rate of 9 l/sec for each 
filter. The weir plates will be designed according to this flow rate. 

 

Figure 29: Wisy efficiency graph. Curve D is applicable. 

To design the V-notch weirs the flow rate of 9l/sec or less is used. ie. The weirs must adequately distribute the flow for 
flow rates of 9l/sec or less. Above this flow rate the, the distribution can be uneven as these are uncommon flow rates 
and should not significantly affect the overall efficiency of the system. 

In order to accommodate the different inlet heights it is proposed that the angles of the V-notches be varied such that 
the flow through each weir is approximately equal when the level reaches a height that equates to a flow rate of 9l/sec 
through each weir. 

To do this a height was selected for the lowest inlet and the weir angle was calculated. A height of 190mm above the 
bottom of the inlet pipe was selected. The difference in height due to change in velocity was ignored. This was 
calculated to be 4.12mm at a flow rate of 54l/sec.  

The formulae that was used in the calculation of V-notch angle was the following: 

For 0 < H < 0.05; Q ≈ (0.44 + 0.9/(ρ2g3/2H7/2/μϒ)1/6)Tan(ϴ/2)g1/2H5/2 

For 0.05 ≤ H; Q ≈ 0.44*Tan(ϴ/2)g1/2H5/2 

(Frank M. White, Fluid Mechanics  7th Edition, McGraw Hill.) 
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Figure 30: V-notch weir configuration 

The top of the weir plate is flat. The flat part will be at the same height for all the weir plates. This is selected so that the 
flow is not overly restricted in storm conditions. The system still needs to handle high rainfall events. 

The formula was written into an excel spreadsheet and the angles that returned approximately similar flow rates at the 
selected height of 190mm was used. The following table shows the selections. The flow rates at lower heights are also 
highlighted. It must be noted that 190mm is the height selection for the last filter inlet. This equates to 180mm for the 
second last inlet, 170mm for the third last etc., down to 140mm for the first inlet. 
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  V-notch Angle (deg) 

 
Q (l/sec) 45 51 58 66 75 85 

H
ei

gh
t o

f W
at
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ot

to
m

 o
f V

-n
ot

ch
; H

(m
) 

0.01 0.01 0.01 0.01 0.01 0.01 0.02 
0.02 0.04 0.05 0.05 0.06 0.07 0.09 

0.03 0.11 0.12 0.14 0.17 0.20 0.23 

0.04 0.21 0.24 0.28 0.33 0.39 0.47 
0.05 0.36 0.42 0.49 0.57 0.67 0.80 

0.06 0.50 0.58 0.67 0.79 0.93 1.11 

0.07 0.74 0.85 0.99 1.16 1.37 1.64 
0.08 1.03 1.19 1.38 1.62 1.91 2.29 

0.09 1.39 1.60 1.86 2.17 2.57 3.07 
0.1 1.81 2.08 2.42 2.83 3.34 3.99 

0.11 2.29 2.64 3.07 3.59 4.24 5.07 
0.12 2.85 3.28 3.81 4.46 5.27 6.30 

0.13 3.48 4.01 4.65 5.45 6.44 7.69 
0.14 4.19 4.82 5.60 6.56 7.76 9.26 
0.15 4.97 5.73 6.66 7.80 9.22 11.00 
0.16 5.85 6.73 7.82 9.16 10.83 12.93 
0.17 6.80 7.83 9.10 10.66 12.60 15.05 
0.18 7.85 9.04 10.50 12.30 14.54 17.36 
0.19 8.98 10.34 12.02 14.08 16.64 19.87 

0.2 10.21 11.76 13.67 16.01 18.92 22.59 
 

The following image shows a cutaway of the sump assembly with the V-notch weir plates installed.  
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Figure 31: Cutaway of sump assembly showing weir plates of varying angles. 

Conclusion 

It is expected that the actual flow rates will differ from the calculated flow rates of the weirs. The deviations from the 
calculated flow rates are expected to be small and will not significantly impact the function of the weirs, which is to 
even out the distribution of flow to the bank of filters, in order to improve the overall efficiency of the system. 
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Appendix C 

Bypass Design 
 

In the design phase of the System, it was noticed that there was a constant stream of water that ran into the storm 
water system. This constant stream is from process equipment which discharges into the storm water system. These 
include dryer condensate, steam trap discharge, compressor blow down, air-conditioner condensate etc. The quality of 
this water was not known during the design phase, so provision was made to bypass this water. A drain in the beginning 
of the trough was cast into the floor and a 75mm pipe was cast into the tank wall in order to bypass this stream of water 
to the storm water system.  

The stream has been allowed to run into the system. It has been noted that the filter mesh is fouling due to the stream 
containing oil. It is suspected that the oil is coming from the compressor blow down, where lubricant for the compressor 
is getting into the condensate in the receiver. 

The design of the bypass will make use of the water level inside the sump tank to shut it off, in order to increase the 
efficiency of the system during rainfall events when the system is required to harvest rainwater.  

The bypass system will operate as follows: 

The jockey pump in the sump tank will keep the tank empty. During rain, the bypass will be overwhelmed, and the 
water will flow to the filters and into the sump tank. The inflowing water will exceed the discharge capacity of the jockey 
pump. The water level will rise and raise the float of the ball float valve. The float will push a ball up, within a 110 PVC T-
piece, against a orifice plate, which will close off the bypass. The bypass will remain closed as long as the level in the 
sump tank is above a certain point. 

When the rain stops,the jockey pump will empty the tank and the float will drop down. The ball will drop down to a 
lower orifice plate, which will prevent bypass water from running into the tank. 

For the system to work correctly, it is recommended that the jockey pump be replaced with a smaller unit as the current 
jockey pump pumps at up to 300l/min. We only require roughly 80-100l/min. A smaller jockey pump will also improve 
the efficiency of the system.  

The client insisted that the jockey pump not run when the main storage tanks are full. The jockey pump was designed to 
run whenever there was water in the sump tank in order to discharge the floating debris in the tank. The client was 
wrong. The system should be reinstated to the original design, with the only difference being that a smaller jockey 
pump be used. The bypass system cannot work in the current configuration. 
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Figure 32: Internals of shut-off valve 
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Figure 33: Shut off valve with transparent T-piece for clarity 
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Figure 34: By-pass system showing float and ball in the open and closed position 

Conclusion: 

The above design will ensure the constant run-off doesn't go through the system. It will prevent any contaminants 
which are being carried by the constant stream from fouling the system. The bypass system is designed with readily 
available PVC components, so should be relatively cheap to construct. 

 


