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Background 

ISC Services have provided services to the wastewater industry since 2002 with a focus on helping water 

authorities to identify areas for improving longevity of wastewater assets as well as reducing long term 

operational costs and maintenance of sewage collection systems. 

We have provided odour and corrosion consulting advice as well as condition monitoring and inflow and 

infiltration assessments for over 15 years and these training notes and examples are intended to help 

wastewater managers and operators to understand the implications and risks associated with inflow 

and infiltration as well as how to identify and manage these problems. 

While this document includes a broad range of examples as well as a significant amount of detail, it 

should be noted that it is not practical to cover all conditions or problems that could be encountered. 

These training notes are provided for information purposes only to help water authorities to better 

understand I&I. ISC Services accepts no liability for the accuracy or completeness of information nor the 

interpretation or use of this information. 

 

1. What is Inflow and infiltration ? 
Inflow and Infiltration (also referred to as I/I or I&I) is unwanted ground water or stormwater entering 

sewerage collection networks. 

Contribution to inflow and infiltration can occur from private residences & businesses as well as from 
various points along the sewerage collection and transport system. These contributions could be from 
illegal or accidental stormwater connections, faulty and failed sewer connections as well as cracked 
pipes, joints and sewer manholes or pump stations. 

Inflow is defined as stormwater that directly enters the sewer system through downpipes from roofs, 
MH covers/ frames, drains & catch basins. Inflow is typically characterised by a rapid increase in 
sewerage flow during a rain event, followed by a relatively quick return to normal Average Dry Weather 
Flow (ADWF) after the rain event has passed. 

Infiltration is defined as stormwater or ground water that indirectly enters the sewer system through 
cracks and failed joints in pipes, laterals and manholes. Typically infiltration is characterised by an 
increase in sewerage flow during rain events followed by a much slower return to ADWF. The ADWF 
may also be constantly elevated due to a higher ground water table or tidal impacts. 

 



 

 

 

 

Figure 1 Schematic showing typical sewer components and I/I sources 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 
Figure 2 Inflow – Downpipe discharging to Overflow Relief 

Gully 

 
Figure 3 Inflow – Downpipe discharging to Overflow Relief 

Gully 

   

 
Figure 4 Infiltration at a pipe joint 

 
Figure 5 Infiltration at manhole joint 

 

  



 

 

 

2. Why is I/I a problem ? 
Inflow and Infiltration is a major problem facing water authorities and the community across Australia 
with costs running into millions of dollars wasted in treating unwanted water. 

Not only is it necessary to deal with the excess water, but when water moves, it often moves soil and 
sediment, resulting in sediment/ soil entering sewers and stormwater systems which can cause the 
formation of voids and subsequent ground subsidence as well as surface and pavement damage around 
structures. 

Problems caused by I/I include: 

• I/I takes up valuable capacity of the sewerage collection and transport system 

• Causes sewage overflows 

• Environmental impacts of overflows 

• The costs and lost work hours associated with cleaning up, managing and reporting overflows  

• Cost of pumping and treatment of I/I 

• Increased wear and tear on pump stations 

• Increased emissions due to pump operations and treatment 

• Overloading sewage treatment plants 

• In ground assets degrading faster 

• Soil ingress and deposits reduce network capacity, block sewers and exacerbate pump wear. 

• Formation of voids in and around sewer, stormwater pipes and manholes resulting in surface 

damage and road collapse 

• Increased insurance and litigation risks 

 

 

 
Figure 6 Soil ingress 

 
Figure 7 Road collapse near stormwater 

 

 

 

 



 

 

 

 

 

 
Figure 8 Road damage around manhole 

 

 
Figure 9 Road damage around manhole 

 

 
Figure 10 Overflow 

 

 
Figure 11 Environmental impacts 

 
Figure 12 Image and report posted by ssellen, 10 January 

2017, Daily Mercury "subsidence around a sewer manhole 
caused by stormwater infiltration" 

 

 
Figure 13 Road collapse at Stormwater inlet 

 



 

 

 

3. What is the cost of I/I ? 
 

The NSW Performance Monitoring Report for 2015/2016 details a statewide median sewerage 

operating cost (SOC) of $2.08* per kilolitre. This cost is made up of costs for operations, maintenance, 

energy, chemical and management. 

*NSW Department of Primary Industries – Water - NSW Water Supply and Sewerage Performance Monitoring 2015/2016 

During rain events, it’s not uncommon for sewage flows to increase by 3-5 times ADWF with up to 10x 

ADWF reported as occurring in some networks. 

For a treatment plant that has an ADWF of 10ML per day, if the plant increases to just 3x ADWF, this 

increase equates to 20ML/d of I/I. At a SOC of $2.08 per kL, the cost of this I/I equates to $31,200 per 

day. 

 

A 1.5mm crack can allow more than 12Lpm or 17kL per day of infiltration while a 3mm crack can allow 

up to 68kL per day of I/I into the sewer which equate to $1,780 & $7,100 respectively in wastewater 

treatment costs. (Data extrapolated from the Gorman-Rupp Company, Engineering Data, June 1999 

edition and based on a 685mm diameter MH and based on 50 rain event days per annum @ $2.08/kL 

SOC) 

Coastal areas of Australia can experience as much as 50-75 or more rain event days per year 

  
Figure 14 Average Rainfall Data - Source Australian Bureau of Meteorology 

 

Reducing I/I will have the benefits of improving the return on assets & helping water authorities further 

improve their triple bottom line with improved financial, social and environmental outcomes. 

Reduced volumes to be transported and treated, reduced siltation and lost capacity of sewers, reduced 

erosion, delay in capital expenditure to either increase pipe sizes or install temporary storage to manage 

rain events, reduced overflows, less time lost by managers and operators in dealing with clean-ups and 

environmental reporting, reduced surface and road damage and a reduced likelihood of insurance 

claims. 

  



 

 

 

4. What causes I/I 
The causes of I/I are many and varied. While older pipes and manholes are often very likely to be 
contributing to I/I, new infrastructure can also be significant sources. 

Manhole contribute a disproportionately large amount of I/I with US EPA estimates of 30-40% of all I/I 
through MH’s. Physical damage, poor construction and materials, ground movement and differential 
expansion/contraction of different materials and root intrusion all contribute to failure of joints, covers 
and structural components of Manholes. 

• Cross connection to stormwater 
• Different materials – concrete & cast iron have different thermal expansion and contraction 

coefficients. This means that they expand and contract at different rates and as neither material 
is flexible, the interface or joint is doomed to fail and in some cases can do so in a matter of 
months from new. 

• Pavement expansion and contraction – gaps forming around the outside of the frame 
• Physical damage soon after construction – this occurs through construction machinery  & 

vehicles running over or near the structure causing joint failure and in worst cases breaking 
frames, risers and causing joint failure. 

• Ground movement – both through compaction and settling and through expansion and 
contraction of reactive clays as ground water levels change. 

• Wear of the bearing surface between the lid and the frame 

Causes of I/I in Manholes  

• Poorly fitting or damaged lid 
• Frame to riser joint 
• Displaced frames / risers 
• Covers located in depressions or stormwater runoff areas 
• Precast Joints 
• Failed mortar on brick risers 
• Failed mortar at joints 
• Poorly placed/ broken bricks 
• Broken / cracked risers, frames and shaft sections 
• Compressed or poorly seated butyl rope 
• Failed joint rings 
• Damaged inlet / outlet connections 

Causes of I/I in pipes 

• Settling / movement of pipe bedding resulting in joint failure 

• Joint damage during construction 

• Poorly fitting or damaged joint seals 

• Root intrusion 

• Failed or cracked mortar 

• Cracked or broken pipe sections 



 

 

 

 
Figure 15 Broken Cover 

 
Figure 16 Cracked Concrete Adjustment Ring 

 
Figure 17 Poorly Sealed Penetration 

 
Figure 18 Cracked manhole shaft 

 
Figure 19 Broken manhole 

 
Figure 20 Displaced Frame & dropped butyl rope 

 
Figure 21 leaking pipe joint 

 
Figure 22 Leaking manhole joint 



 

 

 

5. How to identify / locate I/I 
Most networks will have some degree of I/I and there are a number of processes that you can follow to 

identify and locate I/I sources and hot spots.  

1) Does your sewerage flow increase when it rains ? 

2) Do your pump station run times increase during wet weather? 

3) Do you have an increase in sewerage overflows during rain events ? 

If you’ve answered yes to any of these, inflow and infiltration are an issue. 

Most water authorities can access data on pump run times from sewage pump stations. Where this data 

is not automatically recorded, there are simple monitors available that can be temporarily installed to 

collect run time info. Reviewing and analyzing the data taken during dry periods and during rain events 

can quickly give an indication of which pump stations are impacted during rain events and help identify 

which ones are impacted more severely, allowing for a more targeted follow-up investigation. 

Methods to identify leakage points also include: 

• Interrogating data collected from customer complaints about sewer overflows and backups 
during rain events 

• Smoke Testing (properties and manholes) 
• Vacuum Testing manholes 
• Dyed Water Testing 
• Targeted Flow Gauging 
• Routine inspections 
• Manhole Inspections during & immediately after rain events 
• CCTV surveys 
• 3D manhole scanners  

Even if there is no active inflow or infiltration, I&I will often leave telltale signs and visual indicators 

which can be picked up during routine inspections. In manholes, wall staining, deposits and growths at 

joints, root intrusion along with accumulation of sediment on benches will show where I&I is occurring. 

 

 

 

Figure 23 Smoke Testing Set up 



 

 

 

 
Figure 24 I/I occurs where roots ingress 

 
 

 
Figure 25 Cracked concrete allows leakage 

 
Figure 26 Wall stains and weeping show I/I 

 
Figure 27 Wall staining shows I/I 

 
Figure 28 Dye testing shows I/I 

 
Figure 29 Smoke shows inflow points 

  



 

 

 

6. How to quantify / Measure I/I 
While initial investigations may identify significant sources of I/I and it can be a simple exercise to start 

implementing some immediate fixes to the network, part of a more comprehensive I/I assessment and 

management program would include quantifying the I/I across the network. The advantage of this 

approach is the ability to develop a longer term management strategy that prioritizes short, medium 

and longer term network repairs and upgrades as well as evaluating the effectiveness of rehabilitation 

works. 

While it is not going to be possible to totally eliminate I/I, and attempting to do so would be a costly 

exercise, each water authority and their network are different and reducing I/I to a cost effective and 

manageable level is a good practice approach. 

Methods of quantifying I/I include flow gauging (in pipe), rainfall dependent flow monitoring and 

analysis of ADWF vs PWWF at specific points in the network.  

Pump station flow gauges are also available that record pump run times. 

CCTV operators can estimate I/I at the time of inspection if there is active flow while estimating the area 

contributing to low lying manholes and gully can assist in prioritizing mitigation strategies. 

 

 
Figure 30 Flow Gauging 

 
Figure 31 Camera Inspection 

 

 

  



 

 

 

7. How to Fix I/I 
There are a number of approaches to repairing leaking pipes, manholes and pump stations with the final 

decision dependent upon the severity of the leak, the location and type of leak, if there are multiple 

leaks in close proximity and if there are other factors such as concrete corrosion that may need to be 

addressed. 

Public education 

Where it has been identified that significant inflow is occurring at private residences and business (for 

example due to downpipes connected to sewer and low gullies draining yards), direct letter campaigns 

requiring the property owner to correct the defect can be met with resistance. A public education 

campaign detailing the problems, costs and environmental impacts caused by I/I can help encourage the 

community to be more accepting to undertake repairs of their own assets. 

Point Repairs 

Pipes, Manholes and pump stations can be repaired using point repair methods such as chemical 

grouting and crack injection techniques using expanding polyurethane grouts may be suitable. A benefit 

of using expanding polyurethane grouts is they can fill voids, preventing further subsidence and surface 

damage. 

There are a number of cementitious materials also sold as plugs that can be effective in stopping leaks 

Internal mechanical Joints Seals are a very effective method of quickly providing a permanent seal of 

joints in pipes and manholes without the need to excavate. 

Where there is likely to be movement of the crack or failed joint over time, leaks may redevelop so a 

more flexible product such as a polyurea that allows the crack to move without the joint failing may be 

preferable. 

Sections of pipe and laterals can be patched using resin impregnated material to cover multiple cracked 

sections or locations where full pipe repair is not warranted. 

Pipe Replacement or Relining 

Full lengths of pipe can be repaired between manhole sections via a range of methods including Cured 

in place pipe (CIPP), Slip Lining, Close Tolerance Pipe Slurrification (CTPS), pipe bursting, Spiral winding 

Manhole Repairs  

Depending on the specific defect(s) and if there is additional problems due to hydrogen sulphide 

corrosion, you may need to do a full manhole rehabilitation or it may be possible to do a localized repair 

using either an expanding grout, polyurea or a mechanical joint seal. 

If it is deemed necessary to fully rehabilitate a manhole, methods can include either relining or coating 

of the structure. Coatings can include a range of hand applied or machine applied polymeric coatings 

(polyurethanes, polyurea’s & epoxies) cementitious coatings (Fibre reinforced cements, calcium 

aluminates, geopolymer concretes) and Fibre reinforced epoxies. 

Liners can include CIPP style inserts, HDPE, hybrid polyurea resins, PP or FRP Thermoplastics. 

While coatings are applied directly onto the existing structure (after suitable surface preparation), liners 

will often be installed and then a form of grouting injected in between the new liner and the original 

structure.  



 

 

 

8. When to fix I/I 
In short, the sooner you can address I/I the better. Leaks are not going to repair themselves and will only 

get worse with time. The longer it takes to address a leak, the more it is costing the water authority in 

terms of treatment and transport of water, soil ingress and the higher the risk of overflows due to lost 

capacity. 

The best time to fix I/I will depend on the severity of the I/I, the source and cause and the accessibility 

to make the repairs. 

Often, conducting repairs will necessitate a confined space entry which will require planning and may 

not be able to be done with short notice or in a short period of time. 

If the leak is slower, then the risks of leaving it for a few days or weeks to allow more detailed planning 

are lower than if there is a larger leak with severe infiltration which would need to be addressed a lot 

quicker. 

The type of leak will also dictate how quickly you can respond. You may have a large leak from a crack in 

a manhole wall which can be quickly stopped using an expanding polyurethane injection grout or 

cementitious plug.  

You may have a length of pipe which has slow leaks at each joint but the pipe lengths themselves are in 

good condition. Rather than relining the whole pipe length, it may be more beneficial to utilize an 

internal mechanical joint seal like HydraTite at each of the leaking joints. 

 

9. How to Prevent I/I 
It is often said that prevention is better than cure and this definitely applies to sewer networks.  

A lot of leaks develop at joints in both pipes as well as vertical assets including manholes and pump 

stations for reasons that can include ground movement, poor materials and poor workmanship. Once 

these are installed (and obviously there are a large number already in the ground) it is an expensive and 

difficult prospect to uncover and apply preventative systems from the outside. 

External joint seals and wraps can be used during the construction phase to provide additional 

protection for joints which will ensure that in the event of joint movement leaks are less likely to 

develop. 

For already installed assets, it is more practical to base maintenance on regular inspections and 

observations of changes in conditions. Where I&I is observed to be developing, this information should 

go into an asset management schedule and prioritized accordingly.  

“For new sewer systems, it is possible to significantly reduce inflow and infiltration by adopting 

improved or alternative approaches in the design and construction of pipes, appurtenances and 

maintenance structures. Investigations undertaken by Authorities into I/I in new developments have 

also indicated that a new sewerage system can be highly vulnerable in the period post sewer 

construction while building works are undertaken” 

Increasing Predictability of Inflow-Infiltration Reduction Outcomes: Some Definitive Guidelines  Steve Carne1* , Jaimie 

Hicks2 , Alton Whittle3 . 1 GHD Limited, Auckland, New Zealand, steve.carne@ghd.com 2 Water Services Association of Australia, 

Melbourne, Australia 3 GHD Inc, Harrisburg, Pennsylvania, USA 

  



 

 

 

10. Frequently Asked Questions 
 

Q. What is the main source of Inflow and infiltration? 

A. Each sewerage network is different however sewer manholes generate a disproportionate amount of 

I/I, assessing and identifying major contributors is an important tool to help water authorities take 

action to mitigate problems. 

 

Q. How can I quickly check to see if I/I is occurring in my network & where should I start? 

A. The simplest approach is to look at how sewage flow changes during and immediately after rain 

events. If sewage flow increases (either at the treatment plant or at pump stations) then rainwater and / 

or ground water is entering the network 

 

Q. If sewage flow increases but we don’t get many overflows, does I/I really matter ? 

A. Any additional water that is allowed to leak into the sewerage network increases the operational 

costs, the wear and tear on sewerage assets through increased power consumption, erosion and 

siltation and risks environmental impacts in the event of an overflow. It may also result in excessive 

capital and unnecessary over design of infrastructure to accommodate I/I, all of which needs to be paid 

for and typically, this ends up as a higher user charge. 

 

Q. We do not have experience or equipment to investigate I/I what can we do ? 

A. There are options for councils and water authorities to get specialist contractors to do preliminary 

investigations through to detailed studies. Working with specialists and contractors experienced in I/I 

will allow you to determine what your I/I assessment and management goals are and tailor a staged 

plan and program to suit your specific circumstances and budget. 

 

Q. Do we need to do Flow gauging, 3D scanning and CCTV inspections to measure I&I before addressing 

problem areas ? 

A. While the more information you can get, the better you can develop a long term plan, it is not 

necessary to do a detailed investigation upfront. More detailed investigations will cost more and you 

can gather a good deal of preliminary information from treatment plant and pump station flows, 

operator and field crews experience as well as smoke testing and visual inspections. Having said that, 

depending on the size and complexity of your network, it can be very useful to collect information from 

CCTV inspections, 3D scanning and flow gauging to help manage your I/I management strategy. Most 

water authorities do have a regular CCTV inspection program and with good operators and proper 

coding, you can develop a good  level of knowledge of locations that may contribute to I/I. 

 

Disclaimer: The information in this document is based on a number of assumptions and is for use as a guide for information purposes only. The author makes no 

claims to the completeness of information contained in this document and is not responsible for actions or lack of actions taken by individuals or corporations based 

on this information. Readers are advised to obtain more detailed information from product manufacturers and suppliers based on their own specific circumstances. 


