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Abstract 

As the implications of outcome delivery incentives (ODIs) become more prevalent it is now, more than 

ever, important to understand the risk of collapse in sewers so proactive maintenance strategies can 

be focused to those sites with the biggest outcome impact. A major consideration for a potential 

collapse is the impact of high hydrogen sulphide (H2S) levels in the sewer system. RPS Clear have 

been working in partnership with Severn Trent Water to develop a catchment wide septicity tool that 

not only highlights the likelihood of a collapse at each sewer but also defines the associated risk by 

understanding the associated consequence. To give further confidence to this catchment wide tool, 

H2S sniffer loggers and a programme of CCTV survey has been undertaken throughout Derby and 

Leicester to compare the observed levels of H2S against the model predictions.  

The use of this tool is now incorporated into Severn Trent’s SMP (Sewerage Management Plan) main 

processes to understand risks at a catchment wide level and thereby promote schemes.  

This paper would firstly discuss the development of the model and tool, and its validation against 

sniffer monitors. The paper will then move on to discuss how this new process has impacted on the 

development of the catchment strategy for the SMPs and thereby contribute towards reaching ODI 

targets in AMP6. 
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Introduction 

A key role of the Severn Trent Sewerage Management Plan Consultants (SMP-Cs) in AMP6 is to 

understand the risks within the catchment, and then subsequently promote risks at an individual level 

or as part of a long term strategic plan for each SMP catchment.  

The potential for a collapse to occur from H2S corrosion is a long standing risk that has been reviewed 

and assessed multiple times during previous AMPs. This risk of a collapse has, in a few cases, 

become a reality resulting in millions of pounds spent to resolve collapses on rising mains and on 

mainline trunk sewers. In readiness for AMP6, available research has been reviewed on the main 

indicators of H2S and septicity. This lead to developing processes so that this research could be 

applied using the available SMP data to provide a high level understanding of the likelihood of H2S. 

This potential for H2S could then be collated with a consequence analysis to define the risk of H2S 

collapse at an individual pipe level. 

Although the link between the sewer collapses has generally been allocated directly to high values of 

H2S, the presence of H2S by itself does not cause the collapse. In essence the collapse is caused by 

the corrosion of the pipe material thereby causing a structural weakness which can become a sewer 

collapse. The corrosion of the pipe is caused by sulphuric acid which is created when the H2S is 

oxidized on solid surfaces (Jensen et al, 2008). In moist conditions a species of bacteria oxidizes the 

H2S to sulphuric acid by an anaerobic reaction.  
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Although the general process can be simply put, the whole process of oxidation by bacteria and 

factors which influence the bacterial corrosion of the pipe material are complex (Pomeroy, 1992). 

Therefore a catchment wide analysis will, at some level, be a simplification to understand the potential 

for H2S to occur rather than an in depth analysis into the expected level of H2S at any location and the 

expected rate this H2S would react to become the acid.  

Septicity and H2S corrosion, in general, are taken hand in hand simply because it takes time (in a 

septic environment) for the anaerobic oxidation to occur and longer still for the sulphuric acid to 

permeate through the pipe material. Additionally, as with any acid, the temperature and pH of the air 

(and sewerage) needs to be within the optimum ranges for the reaction to occur. Also, as this is an 

anaerobic biological reaction BOD level needs to be relatively high. These additional factors can 

thereby also be added into any catchment wide analysis. 

Defining the Likelihood 

From the research it was found that a main contributor to the understanding of the relative impact of 

H2S on an individual pipe was Dr R D Pomeroy. Pomeroy reviewed and assessed the potential from 

the 1970’s and defined the ‘Z score’ system which takes the main contributors into the presence of 

H2S into account. Additionally he states that the upstream conditions are important in understanding 

the potential for sulphide production (Pomeroy, 1992). 
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• EBOD = effective BOD, which is defined as the standard 5-day, 20⁰C biochemical oxygen demand multiplied by the 
temperature factor 1.07(����) 

• T = Sewage temperature, ⁰C  

• S = slope of the pipeline 

• Q = sewage flow, l/s 

• P/b = ratio of wetted perimeter of the pipe wall to surface width of the stream 

Although Pomeroy defined this as a ‘rather crude qualitative indicator’ this equation can help highlight 

the risks in a comparative manor. Pomeroy stated the following Table in equating a Z score to 

forecasting septicity. 

Z Score Conditions likely to be observed 

Z below 5,000 Sulphide rarely present or only in very small concentrations. 

Z around 7,500 Peak concentrations of a few tenths of a mg/l of dissolved sulphide may be reached; slight 
corrosion of concrete and masonry in structures may occur. Substantial corrosion may 
sometimes be observed in the vicinity of points of turbulence. 

Z around 10,000 Sulphide sometimes may develop in sufficient proportion materially to increase odours, and 
concrete and masonry structures may suffer substantial damage, especially near points of 
turbulence. 

Z around 15,000 Odour of sewage will increase markedly at times. Rapid attack of concrete structures is to be 
expected at points of turbulence, with significant attack elsewhere. With concrete pipe of 
25mm wall thickness, there is a strong possibility of failure within 25 years. 

Table 1 – Z Score Banding 

A more recent analysis had been undertaken in 2010 by WRc with contributions from Anglian Water, 

Northern Ireland Water, Severn Trent Water, South West Water and Water Service Training Group, 

Ireland. This analysis included a series of levels to assess the risk of septicity in the catchment. As 
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the required output from the Severn Trent tool was an initial indicator of septicity the ‘Level 1 

questions’ from the WRc report (WRc, 2010) can be used to help collated the likelihood for an 

individual pipe. 

These Level 1 questions are outlined in Table 2 and take into account some of the upstream network 

characteristics in regards to upstream pumping stations (presence of one or more pumping stations, 

and time flow is held in the wet well and rising main), the presence of upstream trade effluent 

discharges, the BOD level in the upstream catchment and the temperature of the sewage. At a high 

level, it also takes into account the catchment characteristics in regards to being costal or inland; rural 

or urban and potential for ingress (Seawater, ground or river). 

 

Page 53 WRc Ref: CP 408/P8355 - December 2010 

Table 2 – WRc ‘Level 1 questions’ scoring and weighting 

 

Although collating the ‘Z Score’ and the ‘Level 1 questions’ would give a reasonable collation of the 

septicity likelihood, additional characteristics could be simply collated from available Severn Trent 

datasets; these being the length of upstream rising main and the pipe material. Additional parameters 

were created to supplement the Z score and WRc scoring as shown in Table 3.  

 

Table 3 – Additional parameters scoring and weighting 

 

Relative score = 0 (low 

impact on septicity 

potential)

Relative score = 1 (medium 

impact on septicity 

potential)

Relative score = 4 (high 

impact on septicity 

potential)

Factor influence 

translated in weight

Total length of rising main upstream Less than 1km Between 1km and 5km Greater than 5km 15

Pipe material Not susceptible Unknown Susceptible (e.g. concrete) 14

z-Score Less than 1,000 Between 1,000 and 10,000 Greater than 10,000 4
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Tool Development 

As the desired output was a catchment wide analysis, this led to the development of a MapInfo tool 

that collated data from the Infoworks CS model for any catchment and amalgamated this with various 

Severn Trent corporate and mapping data sets. This tool could then be used on any SMP to help 

understand the likelihood, consequence and risk of an H2S ‘attack’ on the pipe. 

The following information could be exported from the model results for each individual location 

 Model peak dry weather flow 

 Model pipe gradient and ratio of wetted perimeter of the pipe 

 Sewer system definition (i.e. foul, combined or surface water) 

 Upstream pumping station locations and pump regime 

 Rising main discharge points and chainage 

 Trade flows discharging into the network 

 Pipe Material 

On a wider level the SMP catchment characteristics can be collated to define the following criteria 

 Average BOD level 

 Average sewerage temperature 

 Average sewerage pH  

 Ingress from tide, river and groundwater 

 Location and urbanisation of the catchment 

By utilising the modelled network the tool was written to collate all of the scores for the parameters 

outlined in the Tables 2 and 3 at a pipe by pipe level for any defined catchment. This collation within 

the tool thereby gives a likelihood score for each pipe between 0 and 496. 

The consequence module is based around key factors that were perceived by Severn Trent Asset 

Creation to be significant from an engineering perspective in regards to a collapse to a pipe. These do 

not include consequence in terms of serviceability (flooding or pollution). This took into account the 

geography of the pipe (i.e. closeness to major roads, railways, buildings, conservation areas and 

watercourses) along with the sensitivity of the watercourse and conservation area and also took into 

account the asset type, ground condition, pipe size, depth and material. 

Deployment of the tool 

To gain confidence in the tool, and to understand how the tool could be used in conjunction to the 

other datasets available within Severn Trent, testing of the tool was undertaken on two catchments, 

Derby and Leicester.  

The tool highlighted the areas expected to have high likelihood such as downstream of pumping 

stations and along main trunk sewers. Although this desktop review between catchment knowledge 

and tool output gives confidence to the tool, the following questions were still outstanding. Does the 

calculated likelihood score increase as the H2S increases within the catchment or is there a threshold 

value for the likelihood score that can be applied to highlight areas that are beneficial to take forward 

for further investigation. 
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Figure 1  – Derby and Leicester H2S Likelihood Score 

To gain more confidence in the tool outputs a review of 

the available AMP3, AMP4 and AMP5 CCTV was 

undertaken to help understand where the characteristic 

deformation of the sewer pipe was seen. As the current 

structural classification from CCTV surveys does not 

specifically include defining the location of H2S this 

involved a manual review of the CCTV videos. 

Additionally, to gain a better understanding into the 

current condition of pipes shown to have a high 

likelihood, further CCTV was undertaken. 

When the historic and project specific CCTV was 

collated together the following results in Table 4 were 

defined. These showed that in general the higher 

likelihood pipes predicted by the model had a higher proportion of H2S corrosion signs. A few 

anomalies were found when collating the tool score against the survey results. Firstly the surveyors 

remit was to continue to survey the sewers until the signs of corrosion had lowered. Therefore in a 

number of locations the length of sewer with the high signs of corrosion was longer than the tool 

expected. This meant the sewers with a low likelihood score and significant signs of H2S corrosion 

where directly next to sewers with a high likelihood score. Additionally, as there is dosing occurring in 

sections of both catchments there were locations where there was a high likelihood and no signs of 

corrosion simply because the dosing was reducing the impact of the H2S within the sewers.  

Likelihood 
Score 

No. of 
Gravity 
Links 

% of 
total 
pipes 

No. 
CCTV 

reviewed 

No. with 
Significant 
H2S Signs 

% with 
Significant 
H2S Signs 

No. with 
Initial 

corrosion 
signs 

% with 
Initial 

corrosion 
signs 

No. with 
typical 
sewer 

markings 

% with 
typical 
sewer 

markings 

No. of 
clean 
pipes 

% with  
clean 
pipes 

0-200 34,712  98.2% 217 11 42% 68 69% 133 72% 5 100% 

200+ 622  1.8% 98 15 58% 30 31% 53 28% 0 0% 

Total 35,334    315 26   98   186   5   

Table 4 – CCTV review against Likelihood Score 

Although the CCTV results showed where the corrosion had occurred, due to the points mentioned 

above, it does not directly show where H2S could be found. Rather it was showing where the impact 

of H2S was occurring. With this in mind H2S sniffer loggers were deployed in the catchments to 

Corrosion into the sewer above TWL 

Figure 2 Typical signs of H2S corrosion 
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understand what levels of hydrogen sulphide in parts per millions (ppm) could be detected in the air 

within MHs. 

The sniffers were installed for a fixed period of 6 weeks throughout Derby at 6 locations with varied 

levels of likelihood score. Within Leicester 3 loggers were available throughout a 6 month period. 

These loggers were moved throughout the catchment to help understand the limitations of the loggers 

and understand the H2S levels in different locations throughout the catchment. 

Based on the review of previous research, a threshold value of 2ppm was utilised to understand 

where and for how long the H2S level increased. The maximum value recorded at each location is 

graphed against the tool defined likelihood with the size of point being how long the monitor was 

above the threshold. In this simple assessment it can be seen that the locations with the predicted 

higher likelihood value have, in general, the higher recorded H2S and that these higher readings were 

maintained over longer periods of time. Figure 3 outlines the sniffer results against the tool likelihood 

score for Derby and Figure 4 outlines the same for Leicester. For Derby the sniffer results showed a 

general trend within the sewers with the highest likelihood score for all of Derby showing a relatively 

high H2S value occurring for over the longest period of time. 

 

Figure 3 – Derby Sniffers – Likelihood score vs max recorded H2S 

For Leicester the recorded H2S values were generally higher throughout the catchment. Again the 

location with the highest likelihood score gave the highest recorded value with these high values 

being sustained for periods over 2 days. 
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Figure 4 – Leicester Sniffers – Likelihood score vs max recorded H2S 

 

Along side the sniffer monitors metal tags were placed in the MHs to show the rate 

of corrosion. These metal tags helped show the corrosion potential at the 

locations. In conjunction with the sniffers, this therefore allowed an assessment at 

each location to show the levels of H2S and the potential for this gas to then 

become sulphuric acid at each location. 

The sniffer logger results, along side the metal tags, showed a reasonable 

correlation between the locations outlined by the tool to have a high potential for 

H2S attach and where H2S was observed (and corrosion could occur).  

High Risk Sites 

A number of sites were found to have significant signs of corrosion, validating the tool predictions. In 

particular the sewer with the highest likelihood for H2S issues within the Derby SMP had the some of 

the most corroded pipes found from the CCTV surveys and had the longest period of high H2S (ppm) 

recorded within the catchment. Following Asset Creations metholdology to promote sewer rehab 

schemes the RPS Clear rapid overland flow tool ‘PondSim’ was utilised to understand the service 

consequence and ODI implications if the collapses were to occur.  

 

Figure 5 – Potential Consequence of failure (PondSim) 

After 

Before 

Max PPM at this location 
62.5 
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This tool is a rapid analysis tool, and was set up to apply dry weather flow rates at any location within 

a network and the LiDAR data to define the overland routes. The dry weather flow rates were used to 

represent the likely flow during a collapse that would emanate from the system. As an example of the 

benefit of the H2S tool, for one sewer with significant signs of corrosion the PondSim results showed 

that if this sewer was to collapse, assuming a 6 hour response time, the nearby estate could be 

impacted with internal flooding predicted at 14 properties and external flooding perdicted at 15 

properties. Additionally, with time, the overland flow would drain through the estate to the nearby 

watercourse.  

Using the PondSim outputs the Cost Benefit Analysis (CBA) looking at the ODI impact of collapse 

verses the cost to replace has been undertaken by Asset Creation to promote these high risks sites 

within the sewer rehab programme. 

The wider picture 

The combination of the sniffer results and the metal corrosion was taken as a relatively good 

validation exercise of the tool and generally showed that the tool would highlight the potential high risk 

locations.  

But what of the catchment strategy and how does this one assessment site within this strategy?  

As the two trial catchments showed a reasonable correlation this high level assessment is now being 

undertaken throughout all Severn Trent SMP catchments, thereby giving a risk based prioritisation to 

highlight areas for further assessment and possible pro-active intervention. These assessments will 

include undertaking surveys to understand the current status of the sewer lines and undertaking root 

cause analysis to understand why the high H2S levels are occurring. For example, is there a trader 

upstream increasing the BOD, temperature or pH levels? Is there a pumping station upstream with a 

high wet well retention time or long a rising main? Has any mitigation been undertaken previously? 

Has a high impact pipe material been installed at a high risk site?  

As a catchment planner the SMP-Cs are charged with developing a catchment strategy along with 

supporting Service Delivery with any day to day operational issues. This tool can be used to help 

both. By adding this dataset into the SMP GPL (Geoinformatics Planning Library) the SMP-Cs for all 

catchment have the outputs from the tool at ‘their finger tips’. As the SMP-Cs develop the overall long 

term intervention strategy for a catchment this understanding of high risk sites will be one more facet 

in helping to develop a sustainable long term catchment plan and can sit alongside the hydraulic 

impact assessments in undertaking any local root cause. 

Conclusions 

 For the first time the SMPs have a predictive tool to highlight the risk of H2S prior to any site 

investigations 

 The development of the high level tool has given a better understanding of where H2S 

corrosion could occur within a catchment 

 Better understanding of when to deploy CCTV and sniffer loggers to determine impact and 

signs of H2S 

 Confidence has been gained to deploy the tool on a water company level to then help 

prioritise further surveys, root cause analysis and pro-active intervention development 

 Benefits already realised in finding high risk sites in the two trail SMPs 



  UDG Autumn Conference 2015 

 
 

9 
 

References  

Dr.R.D.Pomeroy & ED.A.G.Boon (1992) Clay Pipe Development Association Limited Website 

(http://www.cpda.co.uk/) -The Problem of Hydrogen Sulphide in Sewers 2nd edition 

WRc report (2010) Septicity and Corrosion in Sewers and Rising Mains (Final Report No. P8355)  

H.S Jensen, A. H Nielson, T. Hvitved-Jacobsen and J. Vollertsen, (2008) 11th Internation Conference 

on Urban Drainage, Edinburgh – Hydrogen sufide initiated corrosion in concrete sewers – conceptual 

approach for prediction  

SMP Procedure - STSMPP712 Procedure Hydrogen Sulphide Risk Tool 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


