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ABSTRACT 
A large number of studies have shown the need, worldwide, to invest significantly more in the 
rehabilitation of sewer and drinking water networks in order to maintain acceptable levels of 
service, limit risks and cope with increased stresses due to urban population growth and climate 
change (Marlow et al. 2010, ASCE 2016). Long term deterioration modelling tools are therefore 
needed to manage those infrastructures in a pro-active way (change assets before they fail) by 
planning economically for the length of pipes that requires rehabilitation in the coming decades. In 
the last two decades, major contributions have been made in the field of water infrastructure asset 
management (Saegrov 2005, AWARE-P 2013) to develop deterioration modeling tools to be used 
by water utilities at the strategic decision level (Alegre, 2013). One of these tools, a cohort survival 
model developed by Herz (1996) and implemented in the software package CARE-W LTP 
(Saegrov 2005),  is used in several countries for long term rehabilition planning. The model can 
make use of the water utility’s historical record of pipe replacements (i.e. decomisioning statistics) 
to derive survival functions for different asset cohorts. Asset cohorts are groups of pipes sharing 
similar characteristics (e.g. material, diameter, installation era). The survival functions are then used 
together with the age distribution of the cohorts in the existing pipe network, to estimate future 
rehabilition needs.  The approach has gained popularity because it requires little inspection data, no 
GIS information (only the installed pipe length per decade per cohort is needed as input data), and 
because it can be applied on both sewer and drinking water networks. 
 However, as pointed out by Malm et al. (2012) and Large et al. (2015), cohort survival functions 
are usually calibrated on raw decommissioning data and capture not only the deterioration of the 
assets but also past urban developments, special policies, hydraulics capacity upgrades and 
coordination strategies with other infrastructures. Such strategy could for example be “if drinking 
water pipes were replaced due to poor performances, the adjacent sewer pipe was systematically 
replaced, independently of its condition”. This limits the applicability of the method to making 
predictions based on “same as in the past” scenario (Large et al. 2015) which is not satisfactory as 
past coordination practices were not necessarily optimal.  
There is therefore a need to develop methods for the estimation of survival function closer to the 
actual deterioration behaviour of the cohorts. These functions could later be used to compare 
different coordination scenarios for the rehabilitation of sewer and drinking water networks from an 
economic (e.g. capital costs), social (e.g. impacts on traffic, air quality, noises) and environmental 
(e.g. climate burden of excavation works) point of view. Recently, two authors have developed 
methods to limit the impact of historical context when estimating pipe cohort survival functions. 
Malm et al. (2012) proposed to focus on recent decommissioning data where the reason for 
replacement is known to be poor performances. However, the approach has the drawback to discard 
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a large part of the available data together with the robustness it could potentially provide to the 
survival curves.  Bruaset et al. (2017) developed and tested a method to account for the difference 
between historical (i.e. observed) and target (i.e. desired) service levels. Yet, the latter does not 
correct the survival curves for the impact of historical factors such a cordination policies or 
hydraulics capacity upgrades. 
The objective of this study is to develop and demonstrate a method to better derive the deterioration 
behaviour of sewer and water pipe networks from historical decommissioning statistics by 
correcting for the impacts of previous coordination between these infrastructures. The principle of 
the approach is presented in Figure 1 below. A statistical model representing the historical decision 
process that led to pipe replacements activities is set up. The outputs of the model are yearly 
replacement rates of sewer and drinking water pipe cohorts while the inputs are the survival 
functions, initial pipe inventory and other parameters (see figure 1). The inputs, exept the survival 
functions, are estimated by examining documentation of past replacement projects in Swedish water 
utilites and by interviewing practicing engineers that were in charge of the networks rehabilition 
during the study period (e.g. 1990-2019). The inversion process aims at infering input survival 
functions which produce model outputs as close as possible to the historical (observed) pipe 
replacement rates of the water utilities during the study period. The obtained survival functions, 
focused on the pipes’ deterioration, can be used in a later stage to predict future replacement rates 
by forward use of the conditional decision model, considering various cooordination strategies. 

  
Figure 1. Workflow of the survival functions estimation. 1Objective,   2From databases,   3From interviews. 
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