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ABSTRACT 
To compare the historical performance of different sewer systems or evaluate a system 

against a pre-defined functional criterion (e.g., protection from flooding), wastewater utilities 

commonly use performance indicators (e.g. number of blockages/sewer length). Current 

alterations in the composition of wastewater, such as increasing levels of fat, oil, and grease 

(FOG), infiltration/inflow (I/I), and effluents from food waste disposers (FWDs), lead to 

reoccurring blockages at specific sewer locations. Therefore, this study examined to what 

extent locations were being assessed on an indicator basis by six municipalities with varying 

characteristics (rural/urban). A framework was also developed to estimate the levels of 

documentation for individual pipes and past events in the GIS databases used by the 

municipalities, and three hierarchical data levels were identified: attributes connected to 

pipes, blockages, and complaints. No monitoring of blockages at specific sewer locations on 

an indicator basis was found. However, two of the urban municipalities possessed GIS 

databases with sufficient linked data to allow for such initiatives. Thus, one recommendation 

was to stipulate functional criteria for reoccurring blockages. Further, one of the rural 

municipalities had made greater progress than one of the urban municipalities, demonstrating 

the ability of smaller organisations to create a relatively advanced database. 
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INTRODUCTION 
To increase the sustainability of wastewater systems, functional criteria and performance 

indicators can be applied in the management of these systems (Matos et al., 2003). For sewer 

systems, a number of explicit functional criteria can be found in the ISO standard EN-752 

(European commission of standardisation, 2008); examples include protection from flooding 

and maintaining the flow. To monitor the compliance with functional criteria or to compare 

the efficiencies of different municipalities with similar characteristics, performance indicators 

such as blockages/sewer length can be assessed. These performance indicators generally 

require a considerable amount of data concerning the physical components of sewer systems 

and past events, such as blockages. Hence, a GIS database with a high level of objectification 

with linked attributes would seem to be beneficial to allow for good monitoring. Apart from 

the objectification of individual pipes with general attributes linked to them (e.g., material, 

dimension), authors have highlighted the importance of documenting, and giving attributes 

to, blockages (Malm et al., 2011) and complaints (Fenner, 2000).  
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Societal and infrastructural changes have caused alterations in the composition of wastewater 

flowing in sewer systems. Three examples of such changes that have been linked to increased 

levels of blockages are given here: (i) Due to changes in dietary habits, an increasing level of 

fat, oil and grease (FOG) has been documented in wastewater (Marvin and Medd, 2006). 

FOG has been known to form soap-like deposits in sewers when reacting with calcium (He et 

al., 2013). These deposits have been observed to form at specific sewer locations, such as 

sags (Dirksen et al., 2012) and pumping stations (Mattsson et al., 2014). (ii) The introduction 

of food waste disposers (FWDs) in households is becoming increasingly popular for 

wastewater utilities. However, food waste not sufficiently ground up by the FWD has been 

observed to accumulate in pipes with sags and poor inclination (Mattsson and Hedström, 

2012). (iii) As part of a general deterioration of sewer systems, the infiltration/inflow (I/I) of 

water with different origins has become more widespread (Malm et al., 2011). Infiltrating 

water in particular has been observed to cause iron precipitate blockages at the sewer location 

corresponding to the point of entry of the infiltrating water (Swedish Water & Wastewater 

Association, 2006).  

 

Given the above-described examples of changes in wastewater composition, there seems to 

be a tendency towards increased blockage formation at specific sewer locations. In the 

literature, performance indicators have been suggested that would explicitly allow for a 

comparison of the level of blockages at specific sewer locations (Matos et al., 2003; Cardoso 

et al., 2006). Implementing these performance indicators would mean that municipalities 

would need to continually document data at that level of detail. Further, it is likely a cost-

effective measure for municipalities to closely follow up and fix the cause of reoccurring 

blockages (Orman and Clarke, 1994). Hence, there is a need to explore the capacity of 

municipalities to document reoccurring blockages and monitor sewer locations on a 

performance indicator basis. There is also a need to assess which functional criteria are being 

used by municipalities to evaluate monitoring programs of assessed performance indicators. 

 

 

METHOD 
 

Selection of municipalities 

Six municipalities in northern Sweden were selected for further analysis. Three of these could 

be characterised as rural with scattered populations and no large cities (RM1, RM2, and 

RM3), whereas the other three could be characterised as urban with denser populations within 

larger city centres (UM1, UM2, and UM3) (see table 1). In terms of type, material, 

dimensions, and year of installation, the sewers could all be regarded as fairly representative 

of Sweden compared with national statistics (c.f. Malm and Svensson, 2011).  

 

Table 1. General characteristics of the selected municipalities and their respective sewer 

systems (RM = Rural Municipality; UM = Urban Municipality). 

Municipality Population % sanitary 

(separate) sewer 

Total length of 

sewer (km) 

% inhabitants 

connected to sewers  

RM1 10 000 >95 50 70 

RM2 16 000 97 150 79 

RM3 8 000 >99 100 50 

UM1 75 000 >95 430 87 

UM2 118 000 >97 609 92 

UM3 72 000 >99 588 80 
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For all six municipalities, concrete and plastic were generally the most common pipe 

material, with the older concrete pipes being installed from the first half of the 20
th

 century 

onwards and the more recent plastic pipes becoming more common in the 1970s. Cast iron 

and clay pipes were also present to a smaller degree. All municipalities had experienced 

problems with FOG deposits. Further, restrictions were in place regarding the use of FWD, 

although there were on-going discussions about implementing these restrictions.  

 

Study of functional criteria and performance indicators 

A study of specified functional criteria and associated performance indicators were carried 

out for the six municipalities included in this study. Short interviews with water engineers 

who had been assigned duties related to sewer systems were performed to identify the 

explicitly stated functional criteria for their respective municipality. Further, historical 

statistics for each municipality were examined to identify which performance indicators with 

an explicit relevance for sewer systems had been continuously documented for the previous 

five years.  

 

Framework to assess level of documentation of past events 

As a part of this study, a framework was developed to assess the level of documentation for 

pipes in the ground and past events in the different GIS databases used in the six 

municipalities. The framework consisted of three hierarchal levels, with each level reflecting 

the objectification within the GIS databases of pipes, blockages, and complaints with their 

respective associated attributes. The framework was designed based on previous publications 

on important attributes involving sewer systems (Orman and Clarke, 1994; Fenner, 2000; 

Vollertsen, 2006; Malm et al., 2011). Level 1 involved the individual pipe having been turned 

into an object in the GIS database with attributes linked to it (e.g., dimension, material). 

Level 2 specified that a past blockage event had been made into an object with attributes 

linked to it (e.g., type of deposit, cause). Lastly, the transformation of incoming complaints 

from customers into an object with linked attributes constituted Level 3 (e.g., type of 

complaint, severity). Following this framework, all municipalities could be classified using 

Level 1 to 3 (see Figure 1). 

 

 
Figure 1. The framework used for classifying municipalities based on the extensiveness of 

the documentation on physical sewer systems and past events as objects in GIS databases 

with examples of linked attributes. 
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RESULTS AND DISCUSSION 
 

Functional criteria 

None of the municipalities used explicit functional criteria for their sewer systems. All six 

interviewed water engineers representing the municipalities stated that they did not see the 

relevance of applying these types of criteria. 

 

The fact that no municipality had explicit functional criteria in place deviates from what 

previous studies have underlined about clear objectives for wastewater services (Stahre and 

Adamsson, 2002). On this topic, Bertrand-Krajewski et al. (2000) noted that any monitoring 

program should first determine which questions need to be answered before considering 

which data are needed. It is clear from the responses from the water engineers in this study 

that the performance of the municipalities could only be evaluated in relative terms, i.e., via 

comparisons to other municipalities. 

 

To explain the differences in the importance of various criteria, Palme (2007) compared the 

significance placed on criteria by researchers and by water engineers employed at Swedish 

municipalities and concluded that these two groups were very different, with the former 

group tending to advocate for long-term multi-dimensional approaches and the latter group 

more occupied with short-term economical-technical aspects. Further, Ashley et al. (2004) 

have noted that researchers tend to publish their findings in publications rarely read by water 

engineers, creating polarity for the sector. Hence, in line with the findings of this study, there 

are reasons to assume that the use of functional criteria within municipalities to assess sewer 

systems is limited. 

 

Given the impact of the changing composition of wastewater on blockage formation at 

specific sewer locations and the likely cost-effectiveness of fixing reoccurring blockages 

(Orman and Clarke, 1994), a possible solution for municipalities that choose to use functional 

criteria would be to stipulate the criteria such that they would also cover reoccurrences. Two 

of the municipalities (UM2 and UM3) had GIS databases in place that would allow 

monitoring at that level of detail (see ‘Reached hierarchical levels’).   

 

Assessed performance indicators 

The performance indicators for sewer systems that were currently assessed on a regular basis 

for four of the municipalities (RM2, UM1, UM2, and UM3) exhibited a high level of 

conformity, with only marginal differences concerning the number and type of indicator (see 

table 2). RM1 and RM3 continually only assessed a minor number of performance indicators. 

While many performance indicators allowed for comparisons of blockages over time, none of 

the municipalities went further and applied indicators that identified sewer locations and 

could be used for comparisons of reoccurrences.  
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Table 2. Performance indicators for sewer systems continually assessed during the last five 

years by the included municipalities. 

Performance indicators RM1 RM2 RM3 UM1 UM2 UM3 

Operation and maintenance cost for sewers 

(Swedish crown/m
3
) 

 X  X X X 

Operation and maintenance cost for sewers 

(Swedish crown/connected person) 
 X  X X X 

Operation and maintenance cost for sewers 

(Swedish crown/meter sewer line) 
 X  X X X 

Operation and maintenance cost for 

pumping stations (Swedish crown/station) 
 X  X X X 

Blockage on main sewer line 

(number/meter pipe length) 
X X  X X X 

Blockage on lateral sewer line 

(number/1000 laterals) 
 X  X X X 

Infiltration/inflow (m
3
/km and day)  X  X X X 

Infiltration/inflow (litres/person and day)  X  X X X 

Electric consumption sewer system 

(kWh/m
3
) 

 X  X X X 

Electric consumption sewer system 

(kWh/connected person) 
 X  X X X 

Basement flooding (number/1000 laterals)  X  X X X 

Pumping stations (number/10,000 

connected persons) 
X X  X X X 

Ratio of TV-inspected pipes (% of total 

sewer length) 
 X   X X 

Wastewater inflow into sewer systems 

(litres/person and day) 
 X X X X X 

Renovation of sewer system (% of total 

sewer length) 
   X X X 

 

Among the performance indicators assessed by the municipalities, none explicitly involved 

the specific location within the sewers. However, in other parts of Europe, these types of 

performance indicators are continually assessed, and water engineers have stated that the 

importance of these indicators was comparable to the more generic blockage per pipe length-

indicators (Cardoso et al., 2006). Cardoso et al. (2006) provided one example of a 

performance indicator that could be used for comparison purposes when evaluating the 

number of blockage reoccurrences for sewer systems: repeat sewer blockage locations 

(Number/100 km sewer/year). By applying similar performance indicators, municipalities can 

compare the relative frequency of reoccurring blockages among themselves or compare them 

to functional criteria stipulated on reoccurrences.  

 

In this study, the assessed performance indicators exhibited few differences in terms of the 

type and number of indicators between four of the municipalities (RM2, UM1, UM2 and 

UM3). This can be explained by the fact that all of these four municipalities reported their 

respective values to a central database, VASS, controlled by the Swedish Water and 

Wastewater Association (SWWA), which in turn specifies which type of indicator-data 

should be submitted. These four municipalities demonstrated excellent compliance with these 

demands. Hence, as SWWA did not include indicators relating to specific locations, these 

were in turn not assessed. There are therefore reasons to assume that other Swedish 
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municipalities reporting to VASS were using the system in a similar manner, and it follows 

then that only rarely would municipalities be mapping performance indicators for sewer 

locations. However, for performance indicators assessing blockages in sewer locations to be 

reported to a national database in the future, it would be necessary for these types of 

indicator-data on sewer locations to be systematically assessed by the municipalities, which 

two of the municipalities in this study were doing (see section below, ‘Reached hierarchical 

levels’). 

 

Stahre and Adamsson (2002) stated that many causes of sewer blockages have been inherited 

from the original system design. However, other authors have noted that given enough time, 

there is an increased probability of defects, which could lead to potential sewer deposition 

zones (Fenner, 2000). This is an additional argument in favour of monitoring performance 

indicators in terms of sewer locations, as there are sewers in many parts of Europe that are of 

considerable age and that are approaching the end of their expected functional periods. 

 

Reached hierarchical levels 

The municipality RM1 was transitioning towards Level 1 (i.e., attributes connected to a pipe) 

because they were upgrading their GIS database to be able to link attributes to pipes (see 

table 3). The municipality of RM2 was also undergoing a transition, in this case, between 

Level 1 and 2, as its GIS database was being upgraded to be able to handle attributes relating 

to blockages. RM3 did not meet the Level 1 specifications but had plans to install a GIS 

system corresponding to Level 2. UM1 was at Level 1 but stated that they were planning on 

upgrading their system to reach Level 2 in the near future. UM2 and UM3 were classified as 

Level 2, as their GIS database included both attributes relating to individual pipes and 

attributes linked to blockages. No municipality reached Level 3, i.e., the objectification of 

complaints. All municipalities had a separate system to handle complaints, and there was no 

link between this system and the GIS database. However, UM3 was entertaining future plans 

on this issue that would allow for greater accessibility between departments. 

 

Among the municipalities with GIS databases containing attributes linked to individual pipes, 

all included dimension, material, length and inclination. UM2 and UM3 additionally had TV-

inspection, maintenance records, and pipe sagging linked to individual pipes at Level 1. For 

Level 2, the attributes were location and type of blockage for the two municipalities.     

 

Table 3. An overview of the hierarchical levels reached by the different municipalities. 

Marks within brackets signify that the municipality was in a state of transition to the specific 

level indicated (RM – Rural municipality; UM – Urban Municipality). 

Level of objectification RM1 RM2 RM3 UM1 UM2 UM3 

1 – Pipe w. attributes (X) X  X X X 

2 – Blockage w. attributes  (X)   X X 

3 – Complaint w. attributes       

 

The municipalities exhibited a high level of interest in turning past events into objects with 

linked attributes in one GIS database. All four of the municipalities that had not reached 

Level 2 were either in a state of transition or planning to reach a higher hierarchical level in 

the future. Malm et al. (2011) found that rural municipalities were generally less organised 

when dealing with wastewater services compared with urban ones due to fewer financial and 

organisational resources. However, in this study, RM2 was observed to have made greater 

progress than UM1, indicating that it is possible for relatively small municipalities to possess 

a rather advanced system with the ability to identify past events. The two main reasons 
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behind the progress observed in RM2 were as follows: (i) the retiring of water engineers with 

considerable individual knowledge about the sewer system that the municipality had to 

compensate for and (ii) the employment of a GIS-skilled technician who contributed the 

necessary “know-how”. 

 

To document sewer locations likely to be vulnerable to increased deposition, tools have 

recently been developed for predicting FOG deposits (Yousefelahiyeh et al., 2013) and build-

up from FWDs (Mattsson et al., 2013). However, these tools presuppose that specific sewer 

characteristics are known. For the tool targeting FWD, pipe sagging must be known, and this 

was found to not be the case for four municipalities included in this study. For the 

municipalities that did have sagging as an attribute in their GIS database, this information 

was only known for a small number of pipes, as it presupposed that CCTV-inspection had 

been performed. 

 

The attributes that only UM2 and UM3 included in their respective GIS database were readily 

available from the standardised jetting and CCTV-inspection protocols. This implies that with 

relatively little effort, information from these sources could be marked and transferred to the 

GIS database. The most thorough method to document sewer blockage locations is to use 

CCTV-based inspection. However, for the municipalities in this study, this method was 

regarded as expensive and time consuming, resulting in very few pipes being visually 

inspected. An alternative is the use of a manhole zoom camera, which can have an 

observation distance of up to 30-50 meters and, based on previous case studies, have been 

demonstrated to be cost effective for the prioritisation of pipes with reoccurring build-up 

(Plihal et al., 2013). This method would allow for quick-scans that could be used at a later 

stage for the prioritisation of sewer segments for maintenance. A well-organised 

documentation system that pinpoints reoccurring blockages to specific locations would 

clearly be beneficial for planning jetting campaigns.  

 

 

CONCLUSIONS 
In this study, it was found that the capacity to document and monitor sewer locations for 

blockages was low for most municipalities. Generally, the sewers were documented in GIS 

databases on a generic level with very little site-specific data. Information about reoccurring 

blockages at specific sewer locations was instead in most cases present in the minds of a few 

key employees. However, in most of the municipalities, these problems were acknowledged, 

and steps were being taken to document more site-specific data. The use of performance 

indicators addressing sewer locations was non-existent; however, two of the urban 

municipalities had a documentation system in place that would allow for the monitoring of 

such indicators. The national databases to which the municipalities report the values of 

performance indicators could be influential in suggesting which indicators municipalities 

should report centrally. It has further been demonstrated that rural municipalities lacking 

financial and organisational resources could still progress to a relatively extensive database 

containing past events given the right circumstances. Explicit functional criteria were not 

stated for any municipality in this study, which suggests that the only way the performance 

can be evaluated is in relative terms. A recommendation from this study that would help 

prioritise and minimise reoccurring blockages would be to stipulate functional criteria for 

reoccurring blockages. 
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