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Abstract 

The concept of harvesting and storing urban stormwater runoff for the purposes of offsetting potable 
water demand has been implemented for some years now.  It is no longer a new concept, although 
many councils are yet to implement such a system and it is certainly not in mainstream design by most 
engineering consultants.  These systems require a significant amount of investment to implement with 
the expected return being providing a sustainable source of water. 
 
There is an increasing amount of systems which are failing and not providing the expected return on 
investment.  Storm Consulting has been engaged to review many stormwater harvesting systems post 
construction.  The owners/operators instigate these assessments for various reasons from “we just 
aren’t getting enough water” or “it is giving us a lot of trouble” to “we built it a while ago but haven’t 
turned it on yet” or ultimately “it just does not work properly”. 
 
We draw from this experience as well as designing and constructing dozens of other systems to 
identify the typical issues that are hindering effective operation. 
 
Harvesting systems in the Melbourne metro area and Geelong were reviewed in detail and various 
common issues have emerged which hinder effective operation.  These systems will be presented as 
well as some solutions that we have recommended or implemented, including changes in hydraulic 
configuration, treatments, specific components or controls. 
 
The presentation will highlight common issues in planning, design, construction and maintenance of 
stormwater harvesting systems.  It will also be beneficial for those who are looking to implement new 
stormwater harvesting systems as critical components are often removed in the early stages of a 
stormwater harvesting project under the guise of value management which can have significant 
impacts on the future performance of the system. 

1. INTRODUCTION  

With the need for more sustainable sources of water, stormwater harvesting (SWH) systems have 
become more prevalent. They can provide a significant amount of sustainable water to replace potable 
water in applications such as irrigation and industrial water use. Although the cost to implement SWH 
systems is still relatively high, the technology required is becoming more readily available and costs 
are reducing. This together with the significant environmental and social benefits makes SWH an 
increasingly viable alternative to potable water.  
 
A substantial number of SWH systems have now been implemented in Australia with many successful 
examples. Modern SWH systems are relatively new and with it comes implementation issues which 
need to be resolved to ensure the system is reliable and working as intended. This is expected of new 
technologies. However, there is also an increasing number of SWH systems which are failing or not 
working as expected. 
 
Storm Consulting has been involved in the design and development of over 100 SWH systems and 
have seen the technology improve significantly. We have also been involved in investigations of failed 
SWH systems to determine the causes of failure and how to repair them. This is an increasing trend 
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and although technology and knowledge in the field is improving, the number of failed or inadequate 
SWH systems is on the rise.  
 
The common concerns from SWH asset owners are that the systems are not harvesting as much 
water as expected, that they aren’t working at all or that they just don’t know how to use them. This 
paper is a summary of the common issues found in underperforming or failed SWH systems. The key 
areas of investigation are: 
 

• Water Balance Modelling 

• Design and Documentation 

• Construction 

• Operation and Maintenance 
 
It is common for underperforming systems to have had errors in some or all of the above areas. 
Sometimes it is one significant failure, while more commonly it is the culmination of a number of 
smaller errors which compound into a significant operational issue. Being smaller errors, they are often 
undetected until the SWH system does not perform as intended.  

2. INVESTIGATIONS 

2.1. Water Balance Modelling 

Once a SWH location has been identified, one of the first steps is to develop a water balance model to 
determine the amount of water that can typically be harvested from the contributing catchment. This is 
balanced against the demand of stormwater where the system ‘reliability’ is determined to represent 
the percentage of yearly water demand that is met by the proposed harvesting system. A typical water 
balance model calculates the required storage volume and stormwater offtake rates to try and achieve 
a desired reliability (typically 70-80% reliability as a minimum). Other factors such as transfer pump 
rates may also be considered and refined.  
 
MUSIC (Model for Urban Stormwater Improvement Conceptualisation) is often used in the industry to 
prepare a water balance. MUSIC is a good tool for this, however it does have limitations and can be 
overly simplistic.  For example, unless manually specified, it will average out the chosen irrigation 
demand in equal increments, essentially creating a constant baseline irrigation demand throughout the 
whole modelling timeframe. In reality, the irrigation demand is likely to be varied in accordance with 
the weather and soil moisture conditions immediately preceding the application. MUSIC demand 
modelling does not consider the actual timings of irrigation and rainfall events.  The constant demand 
that is automatically assumed by MUSIC typically yields an overstatement of yield as there is a 
constant creation of airspace to store runoff from the next storm event.  
 
MUSIC requires the user to input most parameters such as irrigation demand and it remains a mostly 
static figure regardless of the rainfall pattern. Some modelling options, such as ‘PET – Rain’ will at 
least consider the incoming rain to reduce the demand from the water storage while it’s raining.  
 
The majority of SWH systems are used to supplement irrigation systems. MUSIC does not take into 
account soil moisture, crop factors, irrigation efficiency, etc, which all have an effect on the amount of 
water that is actually required for irrigation. As an example, in drier years the water demand will be 
higher to keep the same level of turf/crop quality as in average or wetter years. Having a static water 
demand does not take this into account and is usually misleading by stating a higher system reliability. 
The use of a static water demand should be avoided in any model type unless it’s for high 
level/concept assessments. MUSIC usually provides a more optimistic reliability (demand met) 
estimate and overstates the performance. 
 
Another common error in water balance modelling is the use of inadequate or inappropriate rainfall 
data. The industry standard generally uses only an average rainfall (amount) year or a series of 
average rainfall (amount) years for modelling. Drier years are often not modelled. With the ever-
changing rainfall patterns and effects of climate change, it is important to model a range of years to 
get a better understanding of the overall system performance. It cannot be assumed that the average 
reliability will correlate the modelling of the average rainfall amount year. Figure 1 below is a graph of 
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Yield vs Annual Rainfall Amount from an actual water balance assessment of a SWH system using 
various years of rainfall ranging from low to high rainfall. The modelling parameters remained the 
same with only the rainfall data changing. 
 

 

Figure 1 Yield vs Rainfall Intensity using a variety of years 

As can be seen in Figure 1, low rainfall years can produce high yields and high rainfall years can 
produce low yields. As an example from Figure 1, two different years had a similar rainfall amount 
(around 700mm) but a vastly different reliability (~51% vs ~86%). If only one of these years was used 
in the modelling, it would provide a very different reliability expectation to the user. The reason for this 
difference is the distribution of the rainfall. For the ~51% reliability year, a significant portion of the 
yearly rain fell at times when water was not required (e.g. winter) while for the ~86% year, the rain fell 
at times when irrigation was mostly needed (e.g. summer). Due to this, it is important for the rainfall 
data to be analysed and a range of mean and dry years used to obtain a more realistic system 
reliability. 
 
Another common mistake made in water balance modelling is the use of open water bodies for water 
storage. Often these may be wetlands or ponds which cannot be drawn down beyond a certain level 
for aesthetic or operational reasons. Even specifically built storage dams need a minimum amount of 
water left in them to ensure the damn liners are not affected by drying out. This is often not discussed 
or considered during the early modelling stages but can have a significant impact on reliability. Figure 
2 below shows an example of this from a water balance model which harvested from a wetland. 
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Figure 2 Limitations of harvesting from an open water body with extraction limitations 

 
For the above example, the expected wetland water levels were modelled to fall below the allowable 
extraction level. This means that beyond that point, water was no longer available for irrigation. If this 
is not taken into account, the expected reliability of the system can be severely affected.  
 
Overall, the water balance modelling seen on various projects has been far too simplistic or 
inadequate. It is typical for the modelling prepared in early stages of the project cycle to be adopted for 
the final product. It is important that the model be updated based on increasingly available data and 
updated throughout the project cycle to ensure any changes do not affect system reliability. The water 
balance model is one of the single most important components of a SWH system. There is an 
increasing amount of evidence showing that systems which have been constructed and designed 
correctly are achieving significantly lower reliabilities putting the project viability into question. 
 

2.2. Design 

The design of SWH systems can be quite complex. Modern SWH systems are still relatively new and 
the technology of the components required is improving. SWH systems require a mix of 
environmental, civil, mechanical and electrical professions, in conjunction with many other design 
inputs from landscape architects, geotechnical engineers, cultural/heritage advisors, etc. Some of 
these have direct impacts on system performance while others are more aesthetical or culturally 
significant. This paper discusses the technical requirements related to the components which may 
impact system reliability. 
 
The main design components are listed below: 

 
In general, the design of a SWH system is a balance of yield (reliability), water quality and cost. As an 
example, if cost is the biggest driver, then the yield and water quality are generally lower. The main 
components stated above are the key factors determining the yield, water quality and cost. They also 
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have a significant impact on system performance and, if not done correctly, can have a strong impact 
on the system yield and the overall function of the system. The following is a more detailed 
assessment of common mistakes found for each of these main components. 

2.2.1. Offtake 

As discussed in Section 2.1, the water balance determines the most appropriate offtake rate from a 
stormwater drain. This is sized in conjunction with the receiving storage tank and other system 
components. The design should ensure that the modelled offtake rate is achieved, yet it is one of the 
biggest contributors to yield loss in constructed systems. Construction issues are further discussed in 
Section 2.3 
 
From the assessment of failed harvesting systems, the main issues with offtakes lie within three main 
categories: 

1. Inappropriate offtake structure. 
2. Incorrect survey data. 
3. Unforeseen hydraulic choke points. 

 
Inappropriate offtake structures are where an inadequate method of offtake is used. This can usually 
be as simple as undersized offtake pipes or orifices which cannot transfer an adequate amount of 
water to storage. Another common example is offtake blockages. Blockage can occur from the use of 
small, easily blocked offtake pipes extracting water from a large pipe/waterway or from blockage of 
screens intended to stop larger debris from entering the offtake pipe. This is also commonly seen in 
offtakes where a sump is constructed in a pit to offtake water from a larger pipe. If the incoming water 
has a significant amount of sediment/pollutants, the sump can easily act as a settling pond for 
pollutants which quickly block the offtake pipe. It is important to consider the quality and 
characteristics of the incoming water to determine the appropriate offtake structure and method. 
 
Incorrect or inadequate survey data has been found to cause issues during construction. This is 
usually due to the existing pit and pipe levels being incorrect or service clashes which were not picked 
up in the survey. While this is also discussed in Section 2.3 (Construction), these errors should be 
picked up during the design stage so that the offtake can be designed appropriately. Having correct 
and complete survey data is a relatively small cost compared to the potential impact that an error can 
have to the cost of construction and loss in project benefit due to less water being harvested. 
 
Similar to the inappropriate offtake structures, creating hydraulic choke points can have a large impact 
on the offtake rate. This may be due to higher than expected hydraulic losses through the offtake, 
insufficient pressure head to drive water through the orifice at the required rate or pre-treatment 
devices which have a higher than expected hydraulic loss coefficient. The offtake needs to be 
specifically designed by tracing the journey of water through the offtake to ensure that any hydraulic 
losses are accounted for. Likewise, any changes to the design throughout the project life cycle need to 
be re-assessed to insure adequacy.  
 
In general, offtake structures are relatively low-cost so safety factors should be included into the 
design. This may include the use of blockage factors (e.g. 50% blockage factor) or increase 
orifice/pipe sizes to ensure a higher offtake rate is achieved. This is all provided that the increased 
flowrate would not have a detrimental impact on downstream components.  
 

2.2.2. Pre-Treatment 

To reduce pollutants entering the water storage, which is more difficult to maintain, it is best to have 
pre-treatment to capture at least gross pollutants. This way they can be easily cleaned from one point 
source rather than trying to clean a large water storage. This reduces overall maintenance costs and 
ensures the SWH system is working more efficiently. Even with rainwater harvesting systems (i.e. 
runoff from non-trafficable roof areas) which are typically cleaner than stormwater, it is prudent to have 
at least basic pre-treatment as pollutants are easily carried into the water storage systems. Photos 1 
and 2 are evidence of a rainwater harvesting system which was constructed with the belief that no 
pollutants would enter the system because only roof water was harvested.  
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Photos 2 & 2 Inlet pit and underground storage tank pollutants 

 
When the pits and storage tanks were opened, a significant amount of fine and gross pollutants were 
found. In this case, the large gross pollutants were blocking the flow of water into the underground 
storage tanks. This was an oversight in the design making it difficult to retrofit a treatment device in a 
built-up area.  
 
In all cases, it is very important to consider the types and amount of pollutants which are expected to 
flow through the system. An investigation of the contributing catchment can provide the designer with 
a good understanding of the types and volumes of pollutants expected to enter the system. This can 
help to determine appropriate pre-treatment devices. In general, common pre-treatment devices range 
from proprietary products (e.g. gross pollutant traps, coarse screen filters) to biological treatments 
such as wetlands and raingardens. These vary in price, treatment effectiveness and space required.  
 
Proprietary devices such as gross pollutant traps (GPTs) are generally recommended regardless of 
further downstream treatments (e.g. raingardens/wetland). The use of raingardens and wetlands 
needs to be carefully considered as they are relatively expensive to build and maintain while 
increasing water losses and removing nutrients which would otherwise be beneficial for irrigation. 
Several examples have been assessed where raingardens or wetlands were reducing system 
reliability due to evapo-transpiration and seepage losses, which only exacerbates issues where the 
system reliability was already low.  
 
The pre-treatment chosen should have minimal hydraulic losses, provide adequate treatment for the 
catchment size and characteristics, be easy to maintain and also not contribute to water losses if 
reliability is low. Biological devices can provide environmental benefits beyond what is required for 
SWH and their use can be beneficial when looking for holistic environmental solutions. However this 
should be modelled and considered so that the impacts on system reliability are clear.  

2.2.3. Storage 

Water storages can be a significant portion of the overall project cost so mistakes have a significant 
budget impact. Typically storages are either underground (concrete or plastic tanks, usually 
modular/precast), in-ground (wetlands, ponds, etc.) or above-ground tanks. All storage types are 
adequate provided they are specified in an appropriate way. Underground tanks are discrete, take little 
to no surface space, but are expensive and also sometimes difficult to install. In-ground storages such 
as ponds/wetlands have a considerable land-take but are significantly cheaper and can provide 
amenity. Above-ground tanks are generally the cheapest, but at the cost of surface area and 
aesthetics.  
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As mentioned in Section 2.2.2, open water storages/treatment devices can have significant evapo-
transpiration and seepage losses which need to be considered in the design and modeling of the 
system. They also generally have limitations to drawdown which may limit extraction at times when the 
water is needed most. Open water storages can also have other detrimental water quality impacts 
such as algal blooms, poor water circulation, animal feces and weeds. They can also be difficult and 
expensive to maintain if not designed correctly.  
 
Photos 3 and 4 below are examples of algal blooms and stagnant water. Through water quality 
testing, it was found that turbidity was relatively high and water quality was poor even though it is 
filtered through a wetland system.  
 

Photos 3 & 4 Open storage algal and stagnant water impacts 

From the investigation of several open water storages, the water quality in some systems degraded to 
the point where operation ceased. This was due to the potential public health hazards, detrimental 
impact on turf and the clogging of tertiary treatment devices through the build-up of algae and other 
organic components. 
 
These issues are generally the result of improper basin design (water short circuiting from inlet to 
outlet) and the lack of water movement during periods of low water use. Open water storages should 
consider ‘dead zones’ where water does not mix adequately and remains stagnant. On top of water 
quality impacts, this can also cause other issues such as mosquito infestations. As a starting point, the 
water extraction point should be on the opposite end of the storage inlet. Pumps can also be used to 
either aerate or move water around the open storage to reduce stagnation. 
 
Below ground storages generally avoid mixing and stagnation issues but can still impact system 
performance. Some systems can be compact and deep, making them difficult to clean. Other systems, 
such as crate style tanks, are not intended to be entered and cannot be fully cleaned. Photos 1 and 2 
in Section 2.2.2 are taken just prior to the inlet of a crate style system. Flexible pollutants can easily 
weave through the crates and be permanently lodged which reduces volume, has a potential impact to 
water quality and may block the inlet to the tank. Photos 5 and 6 below are examples of an 
underground storage system without adequate pre-treatment.  
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Photos 5 & 6 Difficult to clean underground storages 

Fortunately this underground tank was able to be cleaned, however it was done at great expense and 
needed several treatments to clean the tank. In some instances, pre-treatment was provided however 
pollutants were able to enter the tank system by other means. Regardless of the pre-treatment 
provided, an underground tank should have the ability to be adequately cleaned. Even with devices 
such as GPTs, finer sediments will enter tanks and settle over time. Having the ability to clean the tank 
will ensure the system operates as intended and the storage tank life is prolonged. 
 
Inadequate tank liners have also been the cause of significant loss in stored water. Cracks, tears or 
missing liners can seep water into the surrounding soil profile. This is further impacted in areas with 
higher soil permeability. Seepage losses are a concern for open water storages as well, however 
underground storages require the excavation of the tank sides to be fixed and can be difficult to find 
making it all the more important to ensure that appropriate liners are used and installed correctly.  
 
In general, when considering the design of storages, the upstream components should be closely 
considered to ensure water can flow freely (if via gravity) to the storage system. It was commonly 
found that inlets to storages were below (sometimes significantly below) the normal/top water level. 
This creates a tailwater effect which impacts the inflow rate due to increasing head acting against the 
inlet as the storage fills up. It is ideal for the inlet to be at or close to the top of the storage system, or 
at least that the tailwater effects be taken into consideration during the design.  
 

2.2.4. Tertiary Treatment 

Tertiary treatment generally consists of components which treat water to a higher degree once 
extracted from the water storage. This can be a mix of screen/particle filtration and disinfection (UV, 
ozone, chlorine dosing). The aim is to remove the finer sediments, heavy metals, chemicals, 
pathogens, etc, making the water clean and safe for irrigation. The tertiary treatment of stormwater is 
commonly misunderstood, is relatively new to the stormwater industry and is typically beyond the 
scope of stormwater management. However, it is important to note that tertiary treatment products for 
stormwater are becoming more prevalent, which is expected to reduce system failures in this area of 
design. 
  
The majority of the treatment components are commonly designed to treat much cleaner (i.e. potable) 
water while other treatment devices are targeted for sewerage. Stormwater sits somewhere between 
sewerage and potable water which therefore requires the designer to know which components are 
most appropriate to treat water to a suitable level for irrigation/use (usually Class A). From the 
assessed harvesting systems, it was common for the tertiary treatment to be inadequate. Most 
comprise of only a basic screen filter and possibly an undersized Ultra-Violet (UV) disinfection unit.  
 
Typical screen filters allow water to flow through a fine mesh/screen with perforations (perforations are 
measured in microns). The screen detains most particles larger than the perforations. As it operates, 
the screen filter will measure the water pressure differential between the inlet and the outlet and when 
there is a significant enough pressure difference (i.e. the screen is significantly clogged), the filter will 
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begin to backflush. Basic screen filters which are often used in SWH systems clean themselves by 
having water flow in the opposite direction to dislodge the build-up on the screen. This can be very 
ineffective in cleaning the blockages of the screen, which in turn causes the filter to frequently 
backflush and impact operation. Screen filters should have a large screen area and a self cleansing 
(usually brush) function which mechanically cleans the entire screen. If the harvested water has a high 
sediment concentration, consideration should be given to multi-stage screens where the first screen 
filter filters the larger fine particles (say 200-500 micron) and the following screen filter then filters the 
finer particles (e.g. 50 micron). 
 
UV units have traditionally been used in more potable water applications. A UV unit kills pathogens by 
shining UV light through a column of water passing through the unit. It requires the water to have a 
certain level of clarity (transmissivity) so that the light can penetrate through the whole column of 
water. If light cannot shine through, it cannot kill the pathogens making the water unsafe for interaction 
with the public. For UV units, the transmissivity of the water is usually measured by UVT (UV 
Transmittance/Transmissivity) which is the amount of UV light that passes through a sample harvested 
water compared to a sample of pure water. The higher the UVT of a water sample, the closer it is to 
pure water which allows for light to pass through easier.  
 
Particularly in the recent past, UV units required the water to have a UVT of ~98% to be able to 
effectively kill pathogens. This is close to pure (i.e. drinking) water. Even with pre-treatment, harvested 
stormwater can typically fall down to 50% UVT, with the typical range being 60-80% based on the type 
of pre-treatment. If a typical 98% UVT rated unit is used, it would have limited effect in killing 
pathogens in the stormwater. The design must ensure adequate UV filtration is used for the expected 
UVT of the harvested water. It is also recommended that the units are lab tested to ensure they can 
treat the desired UVT. Formulas are often used to determine the amount and power of light required 
for a typical 98% UVT rated unit to penetrate lower UVT water. These formulas can provide inaccurate 
results meaning the treatment may be less than required.  
 

2.2.5. Controls and Telemetry 

The controls and telemetry are the brains of a SWH system. It can be a powerful tool in ensuring that 
the system is working as it should and can assist operators in running the system. While this is 
generally not the cause of complete systems failures, a comprehensive control and telemetry system 
can provide a lot of benefits. Often there is little to no control of a system making it highly mechanical 
which requires operators to visit the site regularly and ensure everything is working. 
 
Common feedback from harvesting system operators is that they don’t know if the system is 
functioning or if there are any failures. Generally there is also a lack of knowing how the system is 
performing in terms of pump rates, pumped volumes, water levels in storages, etc. There are also 
concerns that the water quality may be detrimental to turf or public health. 
 
Investment should always be made into a control and telemetry system which can monitor the function 
and faults of all the major components such as pumps, valves, sensors, irrigation, electricity supply, 
etc. This should also be connected to an appropriate cloud/server based control and monitoring 
system. With this, the operator can also receive warnings if there are any faults, via email or SMS. 
That way they can promptly respond by either controlling the system via the cloud/server or physically 
visiting the site. By knowing when there are faults and if the system is operational, this negates the 
need to regularly visit the site to check up on the system which saves resources and reduces the 
overall system operational cost.  
 
Furthermore it is recommended that sensors be used to at least monitor water levels, water pH and 
water EC (salt levels). UV units should have a UVT monitor to ensure that the unit can treat the 
incoming water. The UVT alarm should be linked to the control and telemetry system to ensure any 
faults are communicated with the operator.  

2.3. Construction 

Even with a well-thought out and designed harvesting system, it can fail if not constructed properly. 
SWH systems are typically constructed by civil contractors with the assistance of irrigation and 
landscape contractors. Issues in construction are very common as it is difficult to account for 
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everything at the design stage. This requires an experienced contractor who understands how the 
system operates and how to achieve it. Currently there is limited experience in the industry with only a 
limited number of contractors having carried out completely successful installations.  
 
With the increase in implementation of SWH systems, inexperienced contractors are becoming 
increasingly involved in their construction. While more experience in the field is required, contractors 
must be supervised more heavily to ensure the system is built as per the design. It is recommended 
that the designer of the system be involved in the construction. That way, any issues that arise can 
quickly be resolved with the designer, who understands the design intent and goals. This is often 
overlooked and the contractor is supervised by a superintendent that also does not have adequate 
experience in the delivery of SWH systems. Likewise, an experienced and capable contractor can pick 
up design issues which have been missed.  
 
As briefly discussed in Section 2.2.1, inadequate survey and investigations during design can have a 
significant impact on the constructability of a SWH system. This may be in the form of missed services 
which clash with SWH components or geological issues such as difficult to excavate rock or unstable 
soil. This can add significant cost by having to move services, excavate and dispose of rock or 
stabilise soil for construction. The solution to such issues is commonly resolved by compromising the 
SWH system to fit within the constraints. This may be the reduction of water storage volumes or pipe 
sizes, moving pipelines and offtakes causing inefficient water flow or adjusting levels of components 
which compromise flow capacity. An example of this is shown in Figure 3 below.   
 

  

Figure 3 Amended pipeline during construction 

 
Figure 3 above shows a gravity pipeline which directs water from Pit 3 to Pit 0 (storage tank). The 
lighter grey pipe lines represent the original pipe design and the bolder black pipe lines represent the 
constructed pipeline. As can be seen, the section between Pit 2 and Pit 1 is higher than the incoming 
pipeline at Pit 2. This requires the water to fill inside Pit 2 until the point that it reaches the new pipe 
level before it spills to Pit 1. This was done because the services were not confirmed prior to design 
and they clashed with the proposed pipeline. The solution at the time was to have the pipe section 
between Pit 2 and Pit 1 be constructed above the services at a cost of efficient pipe flow. This has 
resulted in a lower offtake rate and sediment accumulation in Pit 2. It is very important to confirm as 
many details during the design stage as possible. It’s a relatively small upfront cost compared to the 
potential issues to the viability of the SWH system. 
 
Another regular occurrence during construction is the substitution of system components by the 
contractor. This is usually done because the contractor can source a certain component quicker and 
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cheaper than the one specified in the design. It is often difficult for organizations like local 
governments to force a certain product to be used. Designers are often instructed to note “or approved 
equivalent” next to any specified proprietary product to prevent the perception of bias or corruption. 
However, the designer will often specify and design with a certain product based on suitability, 
performance and sometimes the client’s budget. By using a different product, the performance is likely 
to be different and the system will not perform as intended. 
 
As an example, gross pollutant traps can vary significantly. Some are more efficient than others, most 
differ in the particle sizes that they capture, in the ability and way that water flows and bypasses, in the 
performance as it is filled with pollutants, in the hydraulic losses, etc. Furthermore, the claims and 
testing of these components all differ with limited industry testing standards. Designers will often rely 
on components which have been tested on site and feedback provided from users with experience. 
Two different manufacturers can claim the same performance while in reality they may not perform the 
same. This makes it difficult for a designer to create a specification to exclude known underperforming 
or inappropriate units. In any case, the designer should be consulted if any components are proposed 
to be changed. It is not uncommon for contractors to quote on projects with the assumption that they 
will change components for something cheaper so they can be more competitive in price. Any 
proposed product changes should be deemed non-conforming with the contractor having to justify the 
change.  
 
At the end of construction, it is important for a detailed inspection and commissioning to be carried out 
to ensure everything has been built and functioning according to design. This is often overlooked with 
the end user accepting a non-conforming asset.  

2.4. Operation and Maintenance 

Once the construction of the SWH has completed, the system should be handed over from the 
contractor to the end user. It is often the case that the end user is from a different department from the 
team that delivered the project. The end user is often not involved in the design and construction and 
has little knowledge of the system. While it is not always practical, the end users should be involved in 
key decisions and meetings during the entire project cycle. That way, a handover from the contractor 
will be more beneficial. In many cases, an adequate handover is not even conducted.  
 
These systems are often operated by irrigation staff which adds significant complexity to their role that 
is often outside their expertise. Training is rarely provided to ensure operators have the skills to 
operate a complex system. Furthermore, operation and maintenance plans are not provided by the 
designer or contractor, usually in an effort to reduce costs. Sometimes they are provided but are either 
overly complex or simplistic.  
 
Staff should always be trained by the designer and contractor on how to use the system, how to 
maintain the system and how to deal with errors and faults. A good operation and maintenance 
manual should always be available to refresh staff on how to operate and maintain the system. It is 
also a good tool in handing over the operation and maintenance if staff leave. 

3. CONCLUSION 

A successful SWH system requires a high level of planning, design, construction and operation. Even 
relatively small errors can have significant impacts on the final product. While this is true for most 
projects, SWH systems are highly specialized with a heavy reliance on the project staff to have the 
required experience with minimal to no external review and checks.  
 
Prior to the development of a design, thorough planning and water balance modeling should be 
carried out. This can be done as part of a feasibility study with the major components determined to 
ensure there is adequate opportunity and budget available to create a feasible SWH system. The 
water balance modeling should be detailed and numerous average and dry rainfall years used. The 
model should also be updated as changes are made in design and construction.  
 
The design of the SWH system should be prepared by experienced designers who have experience in 
the whole project cycle. All components used should be custom designed to suit the specific 
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challenges of the site. This includes the use of components which are suitable for the application, such 
as GPTs, that can retain sufficient pollutants, and UV units, which can treat water that is a lower UVT. 
The design should involve the end user so they know what will be required of them and how the 
system works. 
 
The construction of SWH systems should be carried out by experienced contractors under the 
supervision of experienced superintendents. In particular, the designer should be involved to ensure 
all components are built to specification and that any required changes can be made within the original 
design intent. Any proposed changes to specified products should be declared by the contractor 
during the tender stage to ensure contractors are weighted like-for-like in the tender process. Each 
system should undergo a detailed commissioning and final inspection to ensure everything is built and 
working correctly. Budget contingencies should always be allowed for to ensure adequate funding is 
available if unforeseen circumstances arise.  
 
Following this, the system should be handed over to the end user with training provided by the 
contractor. A detailed and clear operational and maintenance plan should be prepared by the designer 
and updated by the contractor to ensure knowledge of the system is maintained with changing 
operational staff.  
 
Overall it is important that input is provided from all stakeholders throughout the project cycle. A 
collaborative effort usually results in more buy-in form all involved, which in turn results in a well 
thought out and practical SWH system.  
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