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Abstract—This paper describes the fault management at a 

distribution system operator (DSO) including all steps, from 

detection to restoration. Differences in this work depending on 

equipment available are compared such as remote versus manual 

disconnectors. Often, in reliability models of power distribution, 

a restoration time is assumed; sometimes divided into parts such 

as an identification time and a repair/switching time. The 

approach is to describe the actual work by interviewing several 

people working at a DSO. Furthermore results from a former 

study at the same DSO are summarized to provide a complete 

picture of the asset management at a DSO. 

The aim of this study is to provide a detailed description of 

actual work to use as reference when developing more 

comprehensive analysis methods. Another possible usage is to 

improve current asset management by e.g. identify potential 

improvements in working methods using existing equipments or 

to use as input to project planning. These kinds of studies 

decrease the gap between theoretical models and the reality of 

workers at DSOs, which probably is the most important 

contribution of this paper. 

Keywords-component; asset management; customer outage; 

fault management; fault-sectionering; power distribution; 

reliability 

I. INTRODUCTION 

There is an international tendency towards adopting new 

performance-based tariff regulation methods [1]. Hence, the 

focus on customer outages has increased and consequently the 

interest in introducing reliability assessment applied to electric 

power distribution systems (DS) [2], [3], [4]. An increased 

fear of more extreme weather events in the future, following 

from the current climate-change debate, focuses additional 

attention on reliability and risk analysis in DS, which are often 

vulnerable to weather conditions [5]. A Swedish law on the 

compensation for power supply outages lasting longer than 12 

hours is established since 2006 and from 2011 outages longer 

than 24 hours are even illegal [6]. Other countries, such as the 

UK, have also adopted new laws on customer compensation 

that work in parallel with the regulation of customer network 

tariffs [7]. Outages are hence expensive. To meet current and 

future requirements, new methods and tools to perform good 

risk analyses are needed [8], [9].  

Sectioning is a way to shorten the outage time for some of 

the customers without executing comprehensive investments. 

There are several alternatives for investments in sectioning 

equipment and different ones will be used for the two lines in 

a project which results partly are input to this paper (a project 

within the RCAM research group [10] at KTH). Examples of 

fault-sectioning investments: 

• Make disconnectors remote controllable 

• Installing more disconnectors 

• Installing breakers 

• Fault diagnostics 

• Better knowledge and routines using existing system 

In order to choose the best risk reducing investments, it is 

important to understand the actual fault management such as 

people working on different positions at DSO experiences it. 

Expensive investments in new equipment may not always be 

the answer; sometimes changing the routines might have a 

greater effect. New equipment may also not help cutting the 

total outage time if the task that can be performed faster is 

normally done while waiting for something else. If, for 

example, cable equipment is upgraded so that the coupling and 

preparation for cable fault location can be done easier and 

faster, it might still not save any time, since the measurement 

equipment must be called to the place. This normally takes a 

while, leaving the workers with enough time to prepare the job 

even without the new equipment. Knowing the routines will 

prevent such misfortunate investments. 

This work complements a previously performed application 

study at the same DSO whose results also are summarized in 

this paper. That study systematically described the overall 

working process of project planning with risk management 

and finally an evaluation including ideas of future 

developments. The long term goal of the application studies is 

to develop risk and asset management based on both 

experience from the industry and from more academic 

methods. 

II. FORTUM DISTRIBUTION 

This project investigates risk management in general and 

fault-sectioning management particularly at Fortum 

Distribution, one of the largest DSOs operating in Sweden and 

the largest DSO in the Nordic countries. Fortum is an investor 

owned utility where the Finnish government is the majority 

owner (more information at www.fortum.com). Fortum has a 

long term goal that SAIDI should be less than 1 hour for rural 

and semi-rural areas. This corresponds to more than a 50 % 



 

 

improvement from historical SAIDI values of about 2-4 hours. 

To ensure cost-efficiency the work of developing a more 

knowledge based and quantitative network planning using risk 

management is necessary and in fact crucial. 

Traditionally, the prioritization was done locally in the 

company. Now the decisions instead should be taken based on 

equal metrics in an objective fashion. The same information 

and the same methods are used for the whole company. The 

prioritizing of risk reducing projects has become centralized 

and knowledge based, i.e. resources are divided from the 

whole Fortum to areas and project which need them the most. 

The new guiding principles regime of knowledge based 

methods are more cost efficient. Most likely the risk 

management would had been designed differently and 

implemented less rapidly without incentives such as 

compensation for interruption longer than 12 hour. Many 

reliability projects are still not directly profitable unless 

measures such as goodwill are included 

III. SECTIONING INVESTMENTS 

A. Introduction  

A lot of time can be saved if the disconnectors can be 
operated from the operating central and that the fitter already 
knows on which line segment the outage has occurred when he 
reaches the line. If there are more disconnectors along the line, 
the line segments that are needed to be checked for faults will 
be smaller. On the other hand, there would be more 
components in the grid that could introduce new risks. With 
fault diagnostic techniques the fault can be located immediately 
and accurately and the fitter can go directly to the fault and 
repair it, but this approach is however relatively expensive and 
unproved at these voltage levels. Finding ways of better 
utilizing existing resources is of course a cheap and cost 
effective alternative if possible.  

B. Modeling fault-sectioning management 

In this project an effort is made to try to model the outage 
time by: (i) sectioning time, (ii) fault location time and (iii) 
repair time. The aim is to investigate if this will have an impact 
on the result. If the sectioning and fault finding time is found to 
be a relatively large part of the entire outage time and if the 
repair time is hard to determine, it might be considered to 
model the fault finding process carefully. A study visit has 
been made including accompanying and interviewing one of 
the fitters at Fortum Distribution. The model is built on the 
fitters estimations of the time it takes to perform the different 
tasks (i-iii). A second visit has also been made, where the 
sectioning has been simulated as if an outage was really 
happening. During the simulation the different tasks were be 
clocked. 

To be able to make a model of the procedure to find and 
repair a fault, it must be assumed that the operators and fitters 
follow the exact same steps every time, and wherever, an 
outage occurs. Since sectioning and fault finding are more 
based on experience and a professional feeling for where to 

look for the fault, this is a simplification. There exists however 
a couple of heuristics, which are described in section C-E. 

C. Breakers 

A breaker can disconnect the outer parts of a line and 
customers on the side closer to the substation will not notice a 
fault that causes outages for some customers. Such investment 
would reduce both SAIFI and SAIDI. It must however be 
installed to have a lower fault tolerance than the breaker at the 
substation. Otherwise they would both break the power 
because of the fault in the outer part. But if the breaker is too 
sensitive it might break even though there’s not a fault. This 
would of course increase SAIFI and SAIDI. 

D. Remote controlled disconnectors 

This kind of technique is installed in same parts of the 
system. The current fault-sectioning management using this 
technique is as following: (a) Open all of the disconnectors. (b) 
Close them one at the time until the power goes out again. (c) 
Isolate the failing line segment. (d) Close any secondary 
feedings if exists. (e) Send a fitter to the failing segment. 

E. Lines with manual disconnectors 

The current fault-sectioning management using this 
technique is as following: (a) Send a fitter to the area. (b) Begin 
the sectioning with a disconnector about halfway into the grid 
to section it in two halves. (c) Then section the half where the 
fault is until it is found, one disconnector at the time.  

The latter part, for manual disconnectors, is where the skills 
of the operators and fitters are needed and this is harder to 
model. It cannot be “automatically” done, but for every line the 
best sectioning way has to be determined.  

IV. SUMMARY OF PREVOUSLY PUBLISHED STUDY 

This study is based on Per Bengtsson (local system) and 

Jörgen Hasselström (regional system). Both worked at Fortum 

Distribution 2008, but now Jörgen Hasselström is working at 

Sweco and Per Bengtsson with regional systems at Fortum 

Distribution. 

An application study investigating the risk management at a 

DSO was performed during 2008. The application study 

describes and evaluates the risk management principles at 

Fortum Distribution. From 2006 to 2011, Fortum has been 

running a large project in the Nordic countries referred to as 

the “Reliability Program”. The goal is to cost-efficiently 

reduce SAIDI to 60 minutes for rural and semi-rural areas by 

2011 (the outcome can be calculated during 2012). This 

corresponds to more than a 50 % reduction from historical 

SAIDI values of about 2-4 hours. To ensure cost-efficiency, 

work on developing a more knowledge-based network 

planning, is necessary (and in fact crucial) to the success of 

the Reliability Program. Most likely the reliability program 

would be designed differently and implemented less rapidly 

without incentives such as compensation for interruption 

longer than 12 from 2006 hours and a functional requirement 

of 24 hours from 2011.  



 

 

Depending on the voltage level, Fortum Distribution applies 

three levels of risk assessment policies for the DS today (see 

[11] and [12] for detailed descriptions of these policies):  

1. Local DS, low voltage (LV) [0.4 kV] (only an overall 

risk policy is applied at this level).   

2. Local DS, [1.0-24 kV], see TABLE 1/Figure 1 [8] 

3. Regional DS [>24 kV], see TABLE 1/Figure 2 [8] 

 

TABLE 1 – Overall comparison of risk policies between 

local- and regional DS 
 Local DS Regional DS 
Reliabilit
y focus 

On customer 
outages and volume 
(number of affected 
customers). 

On individual components 
(e.g. power transformers) 
and on the N-1 criterion 
[13], complemented by 
probabilistic measures such 
as EEAR [14] (Expected 
Energy At Risk). 

Project 
priority 
approach  

Use of historical 
outages data as an 
important input for 
project selection. 

A forward-looking 
approach, i.e., “what can 
happen in the future if the 
system remains in today’s 
configuration?” 

Redund-
ancy  

Operated radially in 
rural areas which can 
include passive 
redundancy using 
normally open 
disconnectors. 

Active redundancy. 
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6a. Investment- (and 
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Figure 1- Overall illustration of the risk management at 

rural local DS  

 

Risk policies and the project planning process for different 

voltage levels are described in more detail in [11] and [12]. 

The current reliability model only estimates the consequences 

for one line at a time without the system perspective. Hence, a 

consequence of this simplification is that the model ignores 

dependencies in the systems such as taking passive 

redundancy into consideration if it exists.  
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Figure 2 – Overall illustration of the risk management at 

regional DS 

V. FAULT MANAGEMENT AT FORTUM DISTRIBUTION 

This Chapter is largely based on interviews with: 

 Daniel Heidkamp (fitter at Infratek): about how to 

find the exact location and repair a fault. 

 Bo Andersson (Process Manager at Fortum) and Mats 

Estéen (operator at Fortum): most of the other parts. 



 

 

A. Overview 

The breaker 
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Close F10
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Figure 3 – Overview of sectioning at one of the lines owned by Fortum Distribution 

 

If the fault occurs at medium voltage, the breaker will 

detect the fault and break the power. This will be registered by 

a SCADA system and sent to the grid operators. Faults that 

occur on lower voltages will not be detected by the SCADA 

system and can hence not be sent to the grid operator. In this 

case the information has to come from the customers. Figure 4 

overall illustrates all steps within fault section management at 

Fortum distribution.  

 
 

Power cut 
detected

Analyse and 
switch

Fault repair
Electricity 

back

Information to customers

 

Figure 4 – Process for fault management at Fortum 

Distribution 

B. Succel 

Succel is a Distribution Management System (DMS) 

created to help system operators. Succel was created in the end 

of the 1990’s as a way to enhance the information to the 

customers and to take better statistics. 

C. Medium voltage fault detection 

A grid operator receives the message from the SCADA 

system that an outage has occurred and files this in the 

computer tool Succel by entering the name of the actual 

breaker. This opens a so called “fault notation”, a file where 

all the different switching of disconnectors and breakers will 

be noted.  

D. Low voltage fault detection 

The system has no way to automatically detect outages at 

this level and hence the customers have to inform the DSO by 

calling to a call center that receives their call and sends a 

message to the operators. The operators try to determine 

where the outage is, first through the phone number of the 

caller before the call is even answered. If the outage in this 

area is already known, through other customers, information is 

given to the customer.  

The customer will be asked to answer a couple of 

questions like: do the neighbors have power? Has the main 

fuse in the house gone? The customer is also informed that if 

the problem is in his own building, and the Fortum fitters are 

sent out anyway, he will be charged with the costs. Fortum is 



 

 

not responsible for the customer’s residential grid. The 

operator also checks if the lack of power can be related to 

unpaid bills. If many customers are calling, the call center can 

make an announcement through media and on the phone.  

E. Fault location and remote operations 

The operator opens the “fault notation” and checks if there 

is any work being done on or close to the line at the moment. 

This is a safety aspect; workers could be hurt if the operator 

tries to turn the power back. If there is no such risk, the 

operator can try to put the power back. Many outages occur 

because of faults that “fix themselves”; for example, tree 

branches that blow into the line and cause outages. Another 

example could be moist that gets into the equipment and 

causes an electric short circuit and that the resulting arcing 

burns the moist away.  

If a simple re-closing does not solve the problem (i.e. only 

led to that the breaker opening again), the problem has to be 

fixed. The operator then normally studies the existing network 

plan of the area. If there are remote controlled disconnectors, 

the operator opens them all and then closes them one by one. 

By doing this, the broken line segment is identified and if 

possible, isolated by the remote controlled disconnectors. The 

operator then calls the fitter responsible for the area. 

Information about who to call can be found in a computer 

system that is continuously updated.  

The fitters were earlier employed by Fortum, in the 

division “Fortum Service”, but the repairs and maintenance is 

now outsourced. In their contract with Forum it is stated how 

fast they must reach the area where there is an outage. The 

maximum time allowed to get to the place is 90 minutes in the 

studied systems (but this figure varies between distribution 

systems owned by Fortum). The actual time to reach the fault 

varies a lot, depending on e.g. time of the day and the weather. 

According to interviews with a system operator the average 

time during normal conditions is about 60 minutes.   

When the operator calls the fitter, the operator tells him 

which disconnector to go to and open. In many cases the fitter 

also suggests which disconnector to start with. The fitters are 

often very accustomed to the parts of the grid where they work 

and have a lot of experience of where the faults normally 

occur, which is often impossible to know from looking at the 

network plan. 

F. Manually Sectioning 

If the disconnectors are manual, they have to be opened by 

the fitter. In this case it is important to figure out the best order 

to section the line to save as much time as possible. The 

remote controlled disconnectors can easily and fast be opened 

and closed, but it takes a lot of time to go back and forth along 

the line to open and close disconnectors, even when working 

in team. The normal procedure is to first send the fitter to 

somewhere in the middle. This will determine on which half 

of a line the fault is located. Often, the other side can then be 

fed from a secondary feeding. The first disconnector to be 

opened does not always have to be the one in the exact middle. 

If the line consists of both a part of underground cable and a 

part of overhead line, then it is often considered as best to start 

the sectioning in the middle of the overhead line part because 

of a significant higher failure rate. The decision where to start 

is based on the experience and knowledge of the operators and 

fitters.  

When the first disconnector is opened, the fitter can then 

work his way through the next couple of disconnectors on the 

affected half. Often a second fitter is called to help out with 

the sectioning. At one point the power will go out again and 

then the segment of the line where the fault is located is found. 

The fault is then isolated with disconnectors and the operator 

will close the breakers of any alternative feedings or send the 

fitter to close any open disconnectors to other lines.  

G. Finding the exact location of the fault 

When the segment has been identified, the process of 

finding the exact location of the fault starts. The fitter always 

considers if there are any places where a fault is more likely to 

occur. Have trees in the area recently been cut down? When 

forest workers are cutting down trees they sometimes leave the 

trees close to overhead lines in fear of mistakenly felling them 

on the lines. The trees that are left are totally exposed to the 

wind and may fall on the line by themselves. Is there a part of 

the line that is failing a lot? If there is both overhead line and 

cables, then it is better to start by examining the overhead 

lines. The overhead lines will be checked by going by car as 

far as possible and when the line no longer can be seen from 

the road the fitter walks along it.  

If the fault is not on an overhead line, but likely on a cable, 

measure equipments are called to the place. The fault will be 

found by leading a lot of current into the line which enables a 

measurement of the exact location of the fault.  

H. System restoration 

The fault is then repaired. Common reparations are 
removing trees or splicing. Then disconnectors and breakers 
are restored to normal states and all customers are connected. 

I. Administrative work after system restoration 

When the fault is repaired and all customers have the power 
back, there is still some work to be done. The “fault notation” 
must be archived. When archiving the errand, the operator 
answers questions on the cause of the fault and what 
components were damaged and so on. The operator also 
positions the fault in a computer tool entitled PoDIS, where it 
later can be seen together with all other previous faults on the 
line. Other things the operator does after an outage is for 
example to stop the automatic phone messages about the 
outage and inform the media that the power is back on. The 
operator also checks if there is still work to be done on the line, 
some customers may be fed by a temporary line because the 
original one is still broken. The work on the broken line is then 
ordered in another computer tool. 



 

 

J. Annual reporting to national statistics 

Swedenergy, an association representing e.g. DSOs, 

annually collect outage data on a voluntary basis covering 

most of Sweden's electricity customers including Fortum’s. 

This resulting in a comprehensive database and an annual 

publication referred to as the DARWin project and is helpful 

for both academic and commercial use. By understanding the 

fault management at a DSO strengths and weaknesses in this 

widely used national statistics can be identified. Furthermore, 

the Swedish regulator also mandatory demands failure 

statistics from all DSOs since some years to use within e.g. 

tariff reviews.  

VI. CLOSURE 

This paper presents results from an application study and 

are based on several interviews with personnel at different 

positions at a DSO, documents provided from the DSO 

combined with academic knowledge and literature. This 

includes a description of the work of detection, the work of 

finding the location and then the restoration process. The 

objective is to investigate, evaluate and systematically 

describe the work with fault management at a DSO to give 

inputs in the work of developing and improving methods 

applied to DS that both are manageable to use in the reality 

and provide significant improvements for the company.  

The benefit of studying this particular part of risk 

management is the possibility to identifying also cheap 

solutions, for example the work routines at DSOs between 

when an outage occurs and when the system is restored. 

Furthermore, by better understanding the reality at DSOs, e.g. 

the switching time in existing reliability models of DS can be 

more reliable and detailed. Instead of using a template value, 

there can be several switching times depending on equipment 

etcetera. 
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