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1 Introduction 
High pressures in sewer tunnel systems are caused by rapidly rising water levels combined with 

insufficient escape routes for trapped air pockets. Any intervention in an existing sewer system, such as 

replacement of covers with a different type, has the potential to increase the risk of dangerous pressure 

build-up. There is a wealth of guidance literature related to ensuring new systems are designed with 

adequate venting but there is a poor understanding of risks associated with existing, older systems, and 

of issues around retrofit solutions. 

This paper looks at an incident with an exploding manhole cover that occurred in Gloucester in 2017 and 

the subsequent work that was undertaken to understand the causes, assess the risk of future repetition, 

and to design and implement measures to mitigate the risk. 

 

2 The near miss 
On 25 July 2017 a very intense and localised storm passed over north and central Gloucester. Radar 

rainfall analysis suggested that some localised areas experienced 60mm of rainfall in 90 minutes and had 

a return period in excess of 300 years. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.1 – Radar rainfall analysis of 

the 25 July storm 

Gloucester 
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The storm caused widespread surface water flooding contaminated in some locations with foul sewage 

flooding. Severn Trent Water recorded internal flooding incidents at 22 properties, and three manhole 

covers blew off. 

 

 

 

 

 

 

 

One of the blown cover incidents was caught on video and posted on the local news website. 

Fortunately, nobody was injured but it was a near miss for some members of the public. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.2 – Flooding caused in 

Gloucester by the storm 

Figure 2.3 – The near miss 

incident in Gloucester 



 
It is noteworthy that immediately after the cover blew off, the video showed no water was visible within 

the manhole. It was therefore high-pressure air that lifted the cover. Subsequent analysis suggests that 

the water level in the manhole did not get close to ground level, but that it rose about 4 metres in 10 

minutes.  

The incident caused a great deal of concern – particularly due to the uncertainty over the likelihood of a 

repeat incident at this or other locations. Severn Trent Water quickly put in place an action plan to 

address the issue. This included looking at the possible contributing causes, understanding the 

mechanism, identifying a list of ‘at risk’ locations and investigating short term mitigation options. Black 

& Veatch were asked to carry out an analysis of the incident, identify other high-risk locations, and assist 

with an assessment of the likely effectiveness of suggested solutions. 

 

3 Mechanism 
When sewer tunnels fill during wet weather, there are two phases to the filling – tunnel fill and shaft fill. 

During the tunnel fill phase, air can move along the tunnel and escape from any well vented shaft. 

 

 

 

 

 

 

 

 

When the system becomes surcharged, air can become trapped in individual shafts. Incoming high-level 

branch sewers provide additional escape routes for trapped air. However, the branches themselves may 

become surcharged due to local capacity issues and this seals off the air escape route. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.1 – Tunnel fill phase 

Figure 3.2 – Shaft fill phase 

Without branch 

With branch 



 
Where there are no incoming high-level branch sewers, the air pressure builds up as the water level 

rises and compresses the air into the smaller available volume. 

 

Theory for unvented manholes: 

 Initial pressure = atmospheric 

 Air pocket pressurises according to Boyle’s law:     =     (assuming isothermal conditions) 

 50% reduction in trapped air volume results in 2x atmospheric pressure 

 90% reduction in trapped air volume results in 10x atmospheric pressure 

 Theoretical pressures approach infinity as water level approaches ground level but this ignores 

natural leakage and local ‘push down’ 

 

In theory just a 2% reduction in trapped air volume creates sufficient up-lift pressure to lift a typical 

metal manhole cover that is not stuck in place. 

 

External pressure:  1 atmosphere  

Internal pressure after 2% compression of air column: P2 = P1*V1/V2 = 1 atmosphere * 1 / 0.98  

Net uplift pressure: (1/0.98 - 1) atmospheres = 0.0204 atmospheres = 2,068 N/m2 

Plan area of typical single metal manhole cover (675x675): 0.456m2 

Uplift force: 2,068 x 0.456 = 943N    = 96kg 

Weight of typical single metal manhole cover (675x675):  70kg 

 

This fact is initially surprising as it suggests an expectation that blown manhole covers should be a 

widespread and common occurrence over most of the country’s sewer systems even during low return 

period rainfall events. The fact that it is not common suggests that natural leakage of air provides 

sufficient mitigation of pressures to avoid problems in most cases. Blown covers tend to occur at deep, 

large plan area shafts where the initial volume of air is large and the natural leakage cannot provide the 

required air displacement rate. 

 

Characteristics of an at-risk manhole: 

 Deep sewer tunnel 

 Large chamber plan area  

 No high-level branch sewers 

 Covers with no vents including at lifting eyes, gap between cover and frame jammed with dirt 

 Shaft in good condition (no cracks) 

 Experiences high percentage surcharge 

 Experiences rapid water level rise 

 

 

 

 

 



 
6 Identification of high risk locations 
Deep trunk sewer tunnels form the backbone of the foul sewer system in Gloucester.  

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The Severn Trent hydraulic model of the foul sewer system was used to assist in identifying high risk 

locations. Simulations were carried out for a range of return period storms as well as for the 25th July 

storm. These were used to identify locations with high peak surcharge levels. As a first stage in 

identifying high risk locations, the manhole list was filtered to extract all manholes meeting the criteria: 

 >4m deep 

 >1m tunnel diameter 

 manholes with high peak surcharge levels 

 manholes with high predicted air displacement rates 

 manholes where mitigation due to branch sewers would be unlikely 

A prioritisation exercise based on these criteria resulted in a list of 50 potentially at-risk manholes. All 8 

known locations of previously blown covers were flagged by this process. 

Discussions were held on the best way forward and site visits were carried out to high priority sites to 

confirm the type of manhole covers and whether they were already vented in any way. 

 

Figure 6.1 – Gloucester sewer tunnels 

Near miss incident 



 
7 Analysis of vented manholes 
Installation of new manhole covers featuring small vent 

holes was suggested as the most rapid way of achieving 

mitigation of the risk. However, nobody knew whether 

the amount of ventilation that these covers supply would 

be sufficient. The number and size of vent holes is limited 

for structural reasons since the covers are in areas where 

traffic loading requirements apply. Vented covers are 

available from suppliers with 6 no. vent holes per single 

cover, each 21mm diameter. 

A time-step based calculation spreadsheet was set up to 

calculate the internal pressure as it varies with time for a 

manhole with vent holes in the manhole cover. The 

spreadsheet uses the manhole dimensions and the water 

level hydrograph from the InfoWorks simulations as 

inputs. The output is a predicted peak internal pressure 

and a verdict on whether the manhole will still be at risk. 

Individual calculation sheets were set up for each manhole being analysed and customised for 

dimensions. Location-specific depth hydrographs exported from the InfoWorks runs were applied. 

Orifice flow equations were used to calculate the amount of air lost through the vent holes for each time 

step. The rate of air loss is dependent on the internal pressure. A conservative approach of ignoring air 

loss due to natural leakage was taken since it is a factor that is difficult to quantify. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7.1 – Vented manhole cover 

Figure 7.2 – Vented manhole analysis - method 



 

Figure 7.3 – Vented manhole analysis -calculation sheet 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The calculations revealed a number of interesting findings: 

 Having 6 small vent holes 21mm in diameter in the cover dramatically reduces the predicted 

peak internal pressures as compared to the unvented case. 

 The vented covers were shown to be sufficient for some manholes, but some were still shown as 

potentially unsafe and will require vent pipes. 

 Whereas peak water level is the critical factor in totally unvented manholes, rate of fill is the 

critical factor in vented manholes. Peak pressures tend to occur during early stages of filling and 

ease off later despite water level being higher. 

 Installing double manholes covers on a large manhole shaft is of benefit since the number of 

vent holes is doubled but the safe pressure threshold stays the same. 

 



 
8 Installation of vented covers 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 8.1 shows one of the vented covers with six vent holes that was installed at one of the high-risk 

locations. 

Figure 8.2 shows an alternative solution that was installed at the manhole which featured in the video. 

The calculations showed that the normal vented cover may not be adequate for this location. Also, it 

would not fit with the block paving. Therefore, the original cover was retained but the manhole shaft 

was connected to a small chamber with a vented grille installed adjacent to the cover. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 8.1 – Vented manhole cover installation – before and after 

Figure 8.2 – Adjacent vented grille installation – before and after 

 



 
9 Discussion of contributing causes 
Well intentioned interventions in a sewer system can have the unintended consequence of increasing 

air pressures to critical levels where previously there was not an issue. Examples of this are: 

 Closure of CSOs. 

 Deliberate sealing of manhole to prevent flooding. 

 Replacement of standard ductile iron manhole covers containing open lifting eyes plus gaps 

around the covers with infill covers featuring sealed lifting eyes and close fitting covers which 

quickly fill with sand/debris resulting in a tight seal. 

 At the property level replacing external soil and vent pipes with internal one-way air valves. The 

vent pipes allow air to escape from the sewer but the air valves do not. 

It is probably not common practice for this kind of risk to form a part of any risk assessments undertaken 

prior to such interventions. 

 

 

8 Conclusions 
The work carried out following the near miss incident in Gloucester has brought to light some 

interesting findings that aid awareness of the little understood issues related to pressure build-up in 

rapidly filling drainage systems. The tools that have been developed to help understand and quantify the 

risk will be of benefit to anybody responsible for underground drainage assets where covers have blown 

in the past, or who is concerned about this occurring on their patch. 

Lessons for the industry: 

1. Incidents of blown covers, while they may be rare, can have severe consequences in terms of public 

safety and adverse publicity. 

2. Systems at high risk tend to feature large tunnel/shaft volumes combined with a high rainfall 

response rate to the flows. 

3. Well intentioned interventions in a sewer system can have the unintended consequence of 

increasing air pressures to critical levels where previously there was not an issue. Risk assessments 

undertaken for these interventions should include the risk of increased air-pressures. 

4. Where there is a verified hydraulic model it is possible to assess the minimum venting requirement 

to provide protection against given return periods of rainfall. 
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