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Abstract 

The purpose of this thesis was to analyse radial networks in rural areas for the deployment of mobile 

generators that maintain electricity supply in the event of a forced outage. Maintaining the electricity 

supply in such a situation would minimise forced outage compensation costs a network operator has to 

pay after 12 hours of forced outage. The deployment of mobile generators will offer an important option 

in guaranteeing that both forced and planned outages in underground cable networks do not take longer 

than 24 hours. 

Through analyses of two case studies of radial networks, I have developed reference charts so that 

mobile generators can be quickly deployed and power supply returned within 12 hours. The mobile 

generators are to be connected to substations to feed other substations in the radial network through 

medium voltage cables. 

Only voltage drop and loadability have been considered in this study. The methodology I used for 

creating the reference charts can be applied to other radial networks and extended to include other 

limitations in the application of mobile generators. 

 

 

  

 

  



 

 

 

Sammanfattning 

Syftet med detta examensarbete var att analysera radiella eldistributionsnät på landsbygden för att vid 

strömavbrott kunna upprätthålla elförsörjning genom reservmatning med mobila reservkraftverk. 

Upprätthållandet av elförsörjningen i en sådan situation skulle minimera kostnaden för den 

avbrottsersättning en elnätsoperatör måste betala efter 12 timmars strömavbrott. Mobila reservkraftverk 

kommer att vara en viktig resurs för att garantera att avbrott i markkabelnätverk inte överskrider en 24 

timmars-gräns. 

Genom att analysera två fallstudier av radiella nätverk har jag tagit fram referenstabeller så att mobila 

reservkraftverk snabbt kan sättas i drift och strömmen kan återkopplas inom 12 timmar. De mobila 

reservkraftverken ska kopplas upp mot nätstationer och mata andra nätstationer i det radiella nätverket 

genom mellanspänningskablar. 

I denna studie har hänsyn enbart tagits till spänningsfall och belastningsförmåga. Metoden jag använde 

för att ta fram referenstabellerna kan användas för andra radiella nätverk och den kan dessutom utökas 

för att inkludera andra begränsningar vid implementering av mobila reservkraftverk. 
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1 Terminology 

Consumer unit – A connection point of an establishment to an electricity network. A consumer unit 

contains fuses, circuit breakers, metering devices etc. 

 

dpPower – A distribution network management system developed by Digpro.  dpPower utilises 

geographical information systems to visualise a distribution network both through maps and schematics. 

Asset data and analyses can be easily accessed through the map interface. 

 

EMC – Electromagnetic compatibility 

 

Forced outage – A period when there is no current flowing through an electrical network due to 

unforeseen circumstances. 

 

HEMAB – Härnösands Energi & Miljö Aktiebolag (Author’s translation to Eng. Härnösand’s Energy 

and Environment Limited Company). HEMAB is owned by the council of Härnösand and supplies 

Härnösand and its surroundings with services such as water, electricity, district heating and waste 

management. 

 

Low voltage networks – Electrical networks with a voltage level up to 1000 VAC 
 

Medium voltage networks – Electrical networks with a voltage level between 1 and 50 kilovolts AC. In 

this thesis the voltage level for the medium voltage is 10.4kV AC. 

 

Network concession – An obligatory permit for operating an electrical network. In Sweden, this permit 

is issued by the Swedish Energy Markets Inspectorate. 

 

Network tariff – The cost of transmitting electricity through a network to a customer’s consumer unit.  

 

Planned outage – A period when no current is flowing through an electrical network due to 

maintenance or network improvements. 

 

Tail end (of a network) – A substation situated farthest away from a cable fault or of a main grid 

connection in a radial network.  
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2 Introduction 

The electricity network supplies many functions of today’s society. We are dependent on electricity for 

health and medical services, water supply, heating, emergency operations, communication, food supply, 

commerce etc. We are so accustomed to power accessibility in the developed world that laws have been 

enforced, which penalise network operators economically for extended periods of forced outages.  

In Sweden, regulations that aim to reduce the number and duration of forced outages follow three main 

principles: 

1. Adjustments made to network tariffs are based on the average number and duration of outages. 

2. Customers are entitled to compensation when forced outages exceed 12 hours. 

3. All measures should be taken to avoid outages that last longer than 24 hours.  

Urban areas are not vulnerable to extended periods of forced outages due to the network structure in 

those areas, i.e. mesh network. Rural areas, which commonly have radial networks, are vulnerable to 

extended periods of forced outages due to limited options of connection points. In most cases radial 

networks rely on one single connection point to the main grid for their source of electricity. 

2.1 Question 

In the event of a forced outage mobile generators offer a source of electricity. Would it be possible to 

create a predefined deployment plan for mobile generators that feed the radial network through the 

medium voltage cables so that a network operator, in this case HEMAB, could avoid the penalties 

incurred due to forced outages? 

2.2 Background  

In December 2013 the storm Ivar caused a large number of forced outages in Scandinavia. This affected 

4000 customers supplied by HEMAB. The majority of the 4000 customers had electricity supply 

returned to them after two days of forced outage, but it took six days in all to repair the damages caused 
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by the storm. The forced outage incurred compensation costs for HEMAB amounting to  

c. 5.3 million SEK and c. 3 million SEK in reparation costs. HEMAB’s predicted profit for 2013 

amounted to 15 million SEK, so nearly one third of the company’s profit was used to pay compensation 

for forced outages. A previous storm, Dagmar, in 2011 inflicted a profit loss of c. 2.5 million SEK. 

To improve electrical security HEMAB has planned to change their overhead power lines to 

underground power cables by the year 2020. This will reduce forced outages caused by trees or debris 

falling on overhead power lines.           

2.3 Aims   

One aim of this thesis was to establish a predefined deployment plan with feed-in points on a medium 

voltage network for mobile generators, whereby the entire or parts of the radial network can maintain 

electrical security in the event of forced outages. 

Another aim was to make a reference chart that can be duplicated to other radial networks by using the 

same method of analysis as mentioned above. 

During the process of working on this thesis yet another aim presented itself – testing the dpPower 

network management system at HEMAB to see if the system could perform the same analyses with 

similar results. 

2.4 Boundaries 

I chose to analyse two radial networks, instead of one, to improve the versatility of the method used in 

this thesis. I am referring to these two networks as the Northern radial network and the Southern radial 

network, see chapter 5. The networks I have analysed are future radial networks with underground 

cables. HEMAB is aiming to replace all overhead lines by underground cables in its network by 2020.  

The mobile generators I have considered in the analyses are models that are currently owned and used 

by HEMAB, but the result in the charts are not limited to these specific models. 
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An analysis of short-circuit currents during the operation of mobile generators, so that the correct 

dimensioning for safety mechanisms, such as earthing and protection against electric shock, has not been 

included, but would be needed to complement the results in this thesis. The ability of safety mechanisms 

to clear a fault has not been considered in this thesis. I do, however, find this an important subject for 

future research. 

The analyses involve medium voltage cables between substations. Low voltage networks have not been 

considered, since the generators are to be connected to substations on the medium voltage side.  

The analyses of power requirements are based on a worst-case scenario with full use of the substations 

of the radial network and not on seasonal power requirements. The reason for this boundary is that many 

households connected to the network in the case studies are lived in during the summer months and 

power consumption data is not readily available to compensate for seasonal change.  

Electromagnetic Compatibility (EMC) has not been considered because of the lack of information and 

data about the network loads, and because EMC considerations are outside of the aim of this thesis.  

Cost analyses for operation and maintenance of networks and generators have not been included and 

neither have power losses in the mobile transformers as they have little impact for the short duration 

they are in operation. 

2.5 Method 

I have analysed two configurations of radial networks. This was to improve the versatility of the 

analyses. One of the networks has greater distances between the substations, while the other has shorter 

distances, but higher load average. 

I have used data retrieved from dpPower to evaluate the total power needed to feed all the substations 

upstream from the outer substation at the tail end of the network. Calculations have also been made for 

different feed-in points in the radial network to allow multiple generators operating, essentially creating 

several island networks in one radial network. 

For my last aim, which presented itself rather late in the process of working on this thesis; to compare 

my analyses with analysis obtained from the dpPower system, I connected a mobile generator into the 



 

5 

 

network schematics of the dpPower system, which then acted as a feed-in point to the system, whereby I 

could retrieve data. 

2.6 Disposition 

Chapter 1 contains the terminology that has been used in this thesis. In chapter 2 one will find an 

introduction to the thesis with background, aims, boundaries, method and disposition. Chapter 3 gives 

information about the compensation issues relating to forced outages. In chapter 4 two case studies of 

radial networks are outlined. Chapter 5 contains information about power, radial networks, cables, 

mobile generators, followed by standards and practices that are valid for mobile generators in Sweden. 

Chapter 6 presents the methodology used in the calculations and in the presentation of the results of this 

thesis. Analyses of the data and conclusions taken from the calculations will also be found in this 

chapter. In chapter 7, I present my final conclusions by specifying where on the network mobile 

generators are best suited. Chapter 8 contains references and, finally, chapter 9 contains appendices. 

2.7 Final results 

The results from my analyses are reference charts to be used in deployment planning. The method 

applied to the reference charts is flexible to different radial network structures. I applied the method to 

two different radial networks and the reference chart was functional to both network structures, which 

indicates that it could be used within other radial network structures. More data from other case studies 

need to be analysed to prove the reference charts versatility.   

I hope this result may assist network operational staff in deciding where specific mobile generators are 

best suited to be deployed in the event of a forced outage. It may also be used when maintenance 

operations will cause planned outages for extended periods of time. I hope that the results of this thesis 

can be of use for further analysis of other radial networks in the deployment of mobile generators in the 

future. 
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3 Penalties incurred by forced outages 

As mentioned in chapter 2 Introduction, the purpose of this report stems from the recent storms that 

have caused forced outages and profit losses for network operators.   

3.1 Power supply obligation  

The Electricity Act (1997:857) § 8.4 (Swed. Ellagen) states that the holder of a network concession 

permit must supply electricity to its consumers. 

3.2 Compensation for outages 

The Electricity Act (1997:857) § 10.9 stipulates that a consumer is entitled to compensation after 12 

hours of interrupted power supply. The compensation amounts to 12.5 % of the consumer’s annual 

network tariff or a minimum of 900 SEK, and it increases with every 24 hours of continual forced 

outage. 

Example:  

If the annual network tariff of a household is 10 000 SEK the household is entitled to a compensation of 

1 250 SEK after 12 hours. After 24 hours the percentage increases to 37.5 %, which in this case equals  

3 750 SEK. After the initial 24 hours of forced outage the compensation rate increases every 24 hours by 

12.5 % until the compensation rate reaches a maximum of 300 %, which is incurred after 288 hours or 

12 days of forced outage, see table 1 below. 

If a customer uses less than what equals 900 SEK in compensation, the consumer will still receive a 

minimum compensation of 900 SEK. The minimum compensation level increases by 900 SEK every 

compensation interval of 12, 24, 48 hours and so on, see table 1 below.  
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Compensation costs 

Compensation 
rate % 

Minimum 
compensation 

SEK 

Customer’s network tariff 
costs 

Example 
5 000 SEK 

Customer’s network tariff 
costs 

Example 
10 000 SEK 

12.5 900 625 1 250 

37.5 1 800 1 875 3 750 

62.5 2 700 3 125 6 250 

87.5 3 600 4 375 8 750 

112.5 4 500 5 625 11 250 

137.5 5 400 6 875 13 750 

162.5 6 300 8 125 16 250 

187.5 7 200 9 375 18 750 

212.5 8 100 10 625 21 250 

237.5 9 000 11 875 23 750 

262.5 9 900 13 125 26 250 

287.5 10 800 14 375 28 750 

300 11 700 15 000 30 000 

Table 1 The compensation rates stipulated in the Electricity Act (1997:857). 

The Electricity Act (1997:857) §10.13 stipulates that adjustments can be made on the amount of 

compensation that is reasonable to the liable network operators overall economic standing: “If the 

liability to pay compensation for outages is unreasonably onerous considering the financial 

circumstances of the party liable to pay compensation under Section 11 or the party that will pay the 

compensation under Section 16, the compensation may be adjusted according to what is reasonable. 

However the compensation may also be adjusted according to what is reasonable provided the work 

conducted to get the transmission of electrical power started up again had to be delayed to avoid 

exposing workers to significant risks. Law ( 2005:1110)” 

The paragraph above relates to the Work Environment Act (2005:1110), which also affects the time of 

when compensation for the forced outage is to be started. This act applies in the event of a storm such as 

Ivar, since it would create an unsafe work environment. 
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n accordance with the above mentioned Electricity Act (1997:857) a consumer is not entitled to 

compensation if: 

1. a forced outage has been caused by consumer negligence, 

2. maintenance or safety improvement activities have been scheduled and performed within a 

reasonable timeframe, 

3. a forced outage has been caused by faults the network operator could not possibly predict or 

control so that the fault could be avoided or eliminated, 

4. a forced outage has been caused by a fault in the 220 or higher kilovolt network (SFS 

2005:1110). 

  

https://www.notisum.se/rnp/sls/sfs/20051110.pdf
https://www.notisum.se/rnp/sls/sfs/20051110.pdf
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4 Theory 

In this chapter the reader will find a brief summary of the electrical theory that has been relevant for the 

network analyses in this thesis. This chapter also includes descriptions of the components, and the 

operational standards and practices that have been relevant for fulfilling the aim of this thesis. 

4.1 Real, reactive and apparent power  

Real power [P] is measured in Watts [W] and is the electrical energy that is converted, usually from 

resistive components into other types of energy such as thermal, kinetic and radiant energies that we use 

in our homes. Energy conversions occur also in transmission lines, which cause power losses along the 

network. The power losses can be calculated by  

            [W] (1) 

Some loads, including cables and transmission lines, have inductive and or capacitive attributes, which 

cause a phase shift. This leads to drops in voltages and to increases in current, which gives the 

misconception of a consumption of power at the load. This phenomenon, called reactive power [Q], 

which is measured in volt-ampere reactive [var], can be viewed as power flowing from the load to the 

source. Reactive power, which causes losses in transmission lines, is an important variable to calculate 

in a network analysis. 

             [var] (2) 

The apparent power [S] is measured in volt ampere [VA]. To calculate the apparent power the root of 

the sum of squares of both real and reactive power are used. 

 

Figure 1 Vector diagram of real, reactive and apparent power 

    √        or           [VA] (3) 
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The power factor [cos φ] indicates the ratio between a resistive load that consumes real power and an 

inductive load that produces reactive power. The power factor indicates how much the reactive power is 

affecting the voltage and the currents in the system. 

 
                    

          

              
 (4) 

 
             (  

              

          
)  (5) 

In figure 4 above, the vector diagram shows the polar magnitudes of the real, reactive and apparent 

power. For an inductive load the polar magnitude of Q is pointing upwards and for a capacitive load the 

polar magnitude of Q is pointing downwards. Therefore, to maintain a voltage in a heavily inductive 

network, a capacitive load needs to be inserted into the network to compensate for the reactive losses 

caused by the inductive load. 

4.2 Voltage drop along a cable 

Voltage drops (ΔV) in electrical lines are caused by the internal impedances (R, X) of the materials used 

in the transmission and distribution of electricity. The voltage drop between two points is calculated by 

the following equation: 

     
  

  
  

  

  
        (6) 

              (7) 

Where: 

P = real power or in the event of several loads the sum of the real power (W) 

Q = reactive power or in the event of several loads the sum of the reactive power (var) 

Vn = Nominal voltage (V) 

4.3 Radial networks 

Radial networks are the most common type of electrical network for sparsely populated or rural areas. 

Radial network configuration consists of a series of distributed loads (i.e. working farms, country houses 
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and holiday houses), which are fed from a medium voltage line through smaller substations. The low 

voltage networks branch out from these substations to form a “tree-like” structure, see figure 5 below.  

 

Figure 2 Schematic layout of a radial network outside of Härnösand depicted by dpPower. 

One of the problems that makes a radial network vulnerable is its lack of redundant lines that offer 

alternative connections to the main grid, since this leaves the radial network susceptible to partial or 

total power outage. 

4.4 Load aggregation and the Velander method 

When planning or operating an electrical network, loads are calculated as a constant draw on the 

network 24 hours a day. Energy consumers have different habits from one another and their draw on the 

network varies and therefore they cannot be considered a constant draw. To deal with this problem load 

aggregation is used to approximate the maximum peak load. Network operators use a set of constants 

that are dependent on the number of loads connected to a part of their network. From this aggregation of 

the loads an approximation is made of the constant draw of power (maximum peak load) from that part 

of the network by the following equation (8) and the constants used are given in table 2 below. 

 
                 ) (8) 

Number of loads connected to the network Constant a 

2 or 3 0.8 

4 to 5 0.7 

6 to 9 0.6 

10 or more loads 0.5 

Table 2 Load aggregation constants given in Elkraftsystem del 2 (1997). 
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The load aggregation method assumes that the load characteristics are similar, but for radial networks 

with different types of loads, such as farms, large and small houses, and even summer houses, the 

Velander method can be included to estimate the peak load. 

The estimate uses the annual consumption of a household with the two Velander constants (equation 9). 

The constants are recommendations given by the Swedish Energy Association based on the type of 

household, e.g. a small house heated by electricity has a constant k1 of 0.00028 and a k2 of 0.025. 

                 √          (9) 

Where: 

 W = annual consumption kWh per consumer unit 

 k1 and k2 = Velander constants  

(See appendix 9A for a table of Velander constants used in this thesis and by HEMAB.) 

4.5 Distribution cables 

The majority of the power distribution cables used in my case studies are rated for a medium voltage 

level and they are placed underground. As referred to in the boundaries for this thesis (see section 2.4). 

I have not considered the low voltage networks and most calculations are based on dpPower results for 

the substation buses. 

Resistance, inductance and capacitance values of similar cables differ between cable manufacturers, but 

their specific values do not differ greatly from standard values used in, for example, course literature, or 

from reference values used in approximations of network dynamics. In my analyses I have used the 

manufacturers’ published values of the cables that exist in the case studies.  
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4.6 The construction of power cables  

The conducting material in the majority of the underground cables that exist in the case studies of this 

thesis is aluminium. Surrounding the conductors is a semi-conductive tape, called the conductor screen. 

This conductor screen reduces the build-up of static electricity between the conductor and the insulators.  

The insulators are composed of PVC (polyvinyl chloride) or PEX (cross-linked polyethylene), which is 

sometimes referred to as XLPE. Around the insulators is another layer of semi-conductive tape, called 

the insulator screen, which further reduces the build-up of static electricity.  

The next layer, the conductor sheath, is comprised of copper meshing. Its purpose is to shield the 

emitted electromagnetic radiation from the cable. The conductor sheath also offers a path for current 

leakage, when one end of the sheath is earthed at a connection point. 

A binding tape is applied to the cable where upon the outer sheath or protective jacket is used to protect 

the cable from external effects such as weather, chemicals and contact with other electrical conductors. 

The outer sheath can be colour-coded for low or medium voltage. The outer sheath also has the cable 

identification type and length markings for installation purposes.    

 

Figure 3 Cable construction of Ericsson’s AXCEL/AXCEK 12/20(24) kV cable series  
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4.7 Mobile generators 

In case of a forced outage HEMAB has ten mobile generators with four different power ratings that can 

be deployed. They are all synchronous generators driven by diesel engines. The fuel tanks can be 

connected to an external fuel tank for extended operation, which eliminates regular refills while the 

forced outage is in effect. 

4.7.1 Mobile generators (synchronous generators) at HEMAB 

HEMAB’s mobile generators have a power rating that ranges from 100kVA to 500kVA with a nominal 

output voltage of 230/400 V. They are brushless synchronous generators powered by diesel engines and 

controlled by electronic voltage regulators.  

 

Figure 4 Mobile generator GTC 100M-30 HELI with a power rating of 100 kVA. (Attacus 2014) 

One example of the above-mentioned mobile generators is a 100 kVA Attacus GTC 100M-30 HELI (see 

figure 7 above), which can be transported by a regular sized car, or by helicopter if the network is 

situated in an area inaccessible by road. The other generators, available to HEMAB, must be transported 

by heavy vehicles.  
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For the above-mentioned Attacus GTC 100M-30 the operation time without external fuel tanks is 8 

hours at 100 % capacity, 10 hours at 75 % capacity, and 15 hours and 20 minutes at 50 % capacity. The 

mobile generators can extend their operation time by connection to external mobile fuel tanks. Each 

mobile generator has a modem installed to enable fault alarms to be sent via SMS to the network 

operator. The modem also enables the generator to be remote-controlled.  

4.7.2 Need for mobile transformer  

A mobile transformer is needed between the mobile generator and the medium voltage line at the feed-in 

point. To fulfil the power requirements without a mobile transformer, a mobile generator can be 

connected to the low voltage side of a substation and utilise the substation transformer to convert the 

generated electricity to the medium voltage level. There are limitations to the overload capacity of the 

substation transformers in the case studies for this thesis, as they have a power rating of 100 kVA. 

HEMAB has a 500 kVA transformer that can be loaded onto a trailer and transported to the designated 

area. 

4.8 Standards and practices 

The National Electrical Safety Board, (Swed. Elsäkerhetsverket) is the governing body in Sweden that 

issues regulations and general advice concerning electrical installations.  The regulations ELSÄK-FS 

2006:1 and ELSÄK 2008 give general provisions on good electrical safety practice and planning. 

During forced outages, HEMAB follows the electrical safety instructions, called ESA (Swed. 

elsäkerhetsanvisningar), issued by the National Electrical Safety Board.  

Another authority that is involved with activities required during forced outages is the Swedish Work 

Environment Authority (Swed. Arbetsmiljöverket). The Work Environment Act stipulates in § 3. 2a that 

“the employer shall systematically plan, direct and control activities in a manner which leads to the 

working environment meeting the prescribed requirements for a good working environment”. The Work 

Environment Act also affects the time of when compensation for the forced outage is to be is started, see 

chapter 3.2. During the storm Ivar, maintenance activities were delayed due to the unsafe work 

environment. 
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5 Case studies 

In this thesis I have analysed two radial networks that I refer to as the Northern and the Southern radial 

network, based on their geographical position in reference to one another. 

5.1 Northern radial network 

The Northern radial network consists of 10 substations, 78 consumer units of varying load 

characteristics and a total cable distance of 14.9 km. The total power consumed in this network is 

approximately 570 MWh annually. This radial network differs from the case study in chapter 5.2 below 

in that the distances between the substations are greater and that a majority of the cables used have a 

diameter of 95 mm
2 

as opposed to the majority of 50 mm
2 

used in the Southern radial network. 

 

Figure 5 Geographical map of the Northern radial network. The substations have been marked in black with ID ex. 9240 

The map in Figure 1 above) shows a fork in the Northern radial network at a substation identified as 

“9247 Ny”. This fork makes the Northern radial network different from the Southern ditto in that the 
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Northern radial network substations are split into two separate branches. The substations in the Southern 

radial network are linked by one long branch of medium voltage cable. 

5.2 Southern radial network 

The Southern radial network consists of 13 substations, 118 consumer units of varying load 

characteristics and a total cable distance of 14.9 km. The total power consumed in this network is 

approximately 830 MWh annually. The majority of the cables used in this network have a diameter of 

50 mm
2
. This radial network has two submarine cables that cross lakes, one connecting to the power 

grid near substation 7175 Ny (see the eastern part of the map in figure 2 below), and the other crossing a 

lake between substations 7201 Ny and 7204 Ny.  

 

Figure 6 Geographical map of the Southern radial network. The substations have been marked in black with ID ex. 7197 Ny 
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5.3 Evaluation of compensation costs 

If the Northern and Southern radial networks in these case studies where to have a forced outage it 

would incur compensation costs for the network operator, in this case HEMAB. In the example below 

the reader will find a brief cost analysis of this scenario. The values have been calculated by the product 

of the annual consumption (kWh), HEMAB’s network tariff of 0.0925 SEK/kWh with the addition of 

the network subscription fee SEK and the consumer unit’s main fuse rating fee SEK. 

Example of one consumer unit: 

After 12 hours of forced outage  

Annual consumption x network tariff + (network subscription fee + main fuse rating fee [16A]) 

3749 kWh * 0.0925 + (54+ 2 813) = 3 214 SEK 

0,125*3 214= 401 SEK  

The result, 401 SEK, is less than 900 SEK, which means that the compensation owing to this customer 

is 900 SEK (see table 1). 

 

Figure 7 Graph showing the estimated forced outage compensation costs for the two case studies. 
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6 Method 

6.1 Data collection 

HEMAB uses the software program dpPower in the management and planning of their network. From 

this system I have collected network data for  

 annual energy consumption kWh at substation busbars, 

 cable types, and 

 cable lengths. 

 

The data was then implemented in Excel files, where the values could be calculated with the equations 

outlined in chapter 4. 

6.2 Calculating power requirements 

To get an overall picture of the growing power requirements, starting from the tail end of the radial 

network and progressing upstream to the beginning, I treated each section between the substations as an 

island network. Each section encompassed a greater number of substations and the associated cable 

losses of the sections, so that each section contained a substation further upstream from the previous 

section. This method allowed for line faults in every section of the radial network. With the increase in 

substations, the power requirements were aggregated according to the amount of substations as specified 

in chapter 5.4. In figure 8 below, the sections, which are being fed power, are marked green. By moving 

the fault in the cable upstream, a new section is created and the power demand increases. 
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Figure 8 The figure illustrates which section of the network that has power. If the fault in the cable is moved upstream, a new 

section is created and the power demand increases. The figure also illustrates the networks substation transformers between 

both medium and low voltage busbars. 

6.3 Voltage drop 

The voltage drop was calculated by using the busbar values of real (P) and reactive power (Q), with a 

nominal voltage of 10.4 kV, in the voltage drop equation (eq. 6). The impedances have been calculated 

with the cable specifications (appendix 9F) and with the length of the cable. The voltage drop in both 

case studies was no greater than 46 V. According to Elkraftsystem del 2 (1997), the limit of voltage drop 

for a 10.4 kV line is 7 %, which equals a 728 V voltage drop. In the case studies the voltage drop is 

approximately 0.4 %. After consultation with Prof. M. Bollen and HEMAB the voltage drop was 

considered negligible and has not been used in further calculations or considerations for voltage 

compensation. 

6.4 Calculating the current 

By using the values given by dpPower at each substation busbar and assuming no voltage drop (see 

chapter 6.2 above), the current flowing when powering the substations is found by the equation: 

 
   

                   

√     

      (10) 

 By using the current values calculated for each section of the network, the cable losses can be found. 
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6.5 Power requirement at each feed-in point 

In order to calculate the required power needed, irrespective of which substation a mobile generator is to 

be connected to, a step-by-step method of the total power needed upstream from the feed-in point, can 

be applied. 

 

Figure 9 Step by step method for acquiring values for generator deployment. 

This method was achieved by summing the total power required from the substations in the case studies 

with the cables losses per section of the network (eq. 7). By obtaining these power requirements and by 

using the power ratings of mobile generators, it was made possible to theoretically position the mobile 

generators, determining the amount of substations that could be powered by one or more mobile 

generators. 

6.6 Presentation method 

I chose to present the result of my analyses in a chart, similar to distance charts used in road maps, 

where distances between destinations can be easily found by at the corresponding (X,Y) coordinates. I 

perceived this type of chart as functional, since it is a very common format, used in many different areas 

and for which, in my experience, a user does not require instructions. 

In this chart, the feed-in points, where generators can be deployed during a forced outage, are 

represented on the Y-axis and the substations, directly downstream from a cable fault, are represented on 
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the X-axis. The power requirements needed to feed the section that is between the feed-in point and the 

substation is found at the corresponding (X, Y) coordinate, see basic structure in figure 10 below.  

I chose to use colour in the chart to differentiate the values. This choice is, of course, a matter of 

preference and it can be changed according to the user’s preference or need into e.g. patterns or a grey 

scale to increase accessibility. 

 

Figure 10 Distance chart methodology used to find the power requirements between substations 

The values in green represent the cable losses, the values in grey represent the substation power 

requirements and the values in pink represent power requirements in total for the section between a feed-

in point and a substation. The columns in red represent where in the network the line disconnectors are 

situated.  

6.6.1 Case study: Northern radial network 

A 200 kVA generator is sufficient to fulfil the power requirements for the entire Northern radial network 

according to my analyses. Some values in my analyses do not follow a linear progression of power 

requirement, e.g. the feed-in point from substation ID 9275 to substation ID 9230, see chart in table 3 

below. The power required for this section amounts to 191.4 kVA as opposed to a longer section 

between substations, e.g. substation ID 9280 to substation ID 9230, which amounts to 176.4 kVA. The 

reason for this is the load aggregation variable (see table 2, chapter 5.4). In the first example given 

above, the section between the substations ID 9275 to ID 9230, the load aggregation variable for the 
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nine substation loads is 0.7. In the second example given above, the load aggregation variable for the 

section between substations ID 9280 to ID 9230, which has ten substations, is 0.6. The reader should 

keep in mind that the values in the chart are calculations based on worse case scenarios to allow a 

margin of error.  
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Station name: S kVA 9230 9235 9240 
 

9245 
 

9247 9250 
9260/ 
9255 9270 9275 9280 

Judeby 9230 60.4 0.0 0.1   0.2   1.2 1.5 2.2 1.4 1.7 2.2 

Judeby Västra 9235 104.2 55.5 0.0   0.1   0.7 0.9 1.3 0.8 1.0 1.3 

Högberg 9240 124.4 70.0 22.4   0.0   0.5 0.5 0.8 0.5 0.6 0.8 

Ramsås 9245 126.5 87.8 37.9   19.7   0.4 0.5 0.6 0.5 0.6 0.6 

Karlberg 9247 155.2 106.4 124.9   49.1   34.7 0.4 0.5 0.4 0.5 0.5 

Kvissleå 9250 158.6 156.5 103.2   87.4   39.1 8.5 0.4 0.4 0.4 0.4 

Ytterhansjö  
9260/ 
9255 176.4 162.9 123.7   107.9   107.3 33.7 28.8 0.4 0.4 0.4 

Norra Lillsela 9270 179.5 136.7 97.6   93.6   77.6 61.3 77.7 24.5 0.4 0.4 

Lillsela 9275 191.4 148.6 109.5   93.7   91.1 67.9 91.0 37.1 16.6 0.4 

Storsela 9280 176.4 162.9 123.7   107.9   93.9 73.5 93.8 55.2 33.1 20.0 

Table 3 Power requirement chart for the Northern radial network 

In the eventuality of access to only 100 kVA generators during a forced outage, these generators can 

either be deployed and operated in parallel from one feed-in point or in series from two separate feed in-

points, an example of a possible series operation could be utilised at substation ID 9280 and ID 9240.  

The greatest cable loss amounts to 2.2 kVA, which occurs along the section between substation ID 9280 

and ID 9230, see the top right corner of table 3 above. This cable loss is only 1.3 % of the total power 

demand.   
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6.6.2 Case study: Southern radial network 

A 200 kVA generator is sufficient to fulfil the power requirements for the entire Southern radial 

network, provided that the generator is operating with a 20 % overload. Again, the reader should keep in 

mind that the values in the chart are calculations based on worse case scenarios to allow a margin of 

error. Most of the calculated power requirements in the analysis can be considered to follow a linear 

pattern, see chart in table 4 below. In the eventuality of access to only 100 kVA generators during a 

forced outage the chart gives suggestions as to where multiple generators can be deployed. 
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Station 
Name S kVA 7175 7180 

 
7185 7190 7191 7192 

 
7195 7197 7200 7201 7202 

 
7204 7206 

Hamreliden 7175 
18.7 0.0   0.1 0.2 0.1 0.4   0.7 1.0 2.4 3.1 1.4   3.7 4.4 

Hamre 7180 
80.2 70.4   0.0 0.1 0.1 0.2   0.5 0.7 1.9 2.6 1.1   3.0 3.7 

Nygård 7185 111.5 94.7   34.8 0.0 0.0 0.1   0.2 0.3 1.0 1.5 0.5   1.8 2.2 

Vikeroten 7190 110.2 95.1   43.6 9.6 0.0 0.0   0.1 0.1 0.5 0.8 0.2   1.0 1.4 

Vikeroten 
Östra 

7191 102.4 98.4   35.0 12.3 4.1 0.0   0.1 0.2 0.7 1.1 0.3   1.4 1.7 

Vikeroten 
Södra 

7192 127.4 130.6   74.1 48.4 52.1 44.2   0.0 0.1 0.5 0.8 0.2   1.0 1.3 

Lillroten 7195 146.2 133.0   95.4 72.3 67.5 72.3   26.5 0.0 0.1 0.3 0.0   0.4 0.6 

Lillroten 
Norra 

7197 159.5 146.2   96.6 79.3 82.6 79.3   40.7 18.7 0.1 0.1 0.0   0.2 0.3 

Storroten 7200 188.5 206.5   156.6 129.1 132.1 129.1   104.3 93.4 56.2 0.0 0.0   0.0 0.1 

Storroten 
Östra 

7201 210.8 199.3   182.5 157.7 157.9 154.9   133.5 112.3 83.4 36.5 0.1   0.0 0.0 

Storroten 
Näset 

7202 179.9 166.7   117.0 67.0 92.6 102.4   66.7 42.8 76.5 109.4 28.9   0.2 0.3 

Storroten 
Västra 

7204 219.7 208.2   165.2 134.1 168.2 165.1   127.0 123.8 96.3 45.7 108.8   14.4 0.0 

Storroten 
Norra 

7206 232.6 221.0   177.9 127.6 156.8 179.7   141.5 122.9 102.2 64.4 125.4   31.5 20.7 

Table 4 Power requirement chart for the Southern radial network 

There are irregularities in the power requirements in the chart. For example, substation ID 7190 

demands less power than substations ID 7191 and ID 7192. When the feed-in point is from substation ID 

7206, substation ID 7190 has a power requirement of 127.6 kVA. The adjacent substations ID 7191, 

requiring 156.8 kVA, and ID 7192, requiring 179.7 kVA, seems inconsistent in the numerical flow of 
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the chart. The reasons for this seemingly inconsistency are; one, that the value at substation ID 7190 

does not include the power requirements of substation ID 7191, as it is upstream from the first 

mentioned substation, and two, that the load aggregation affects the total power requirement for that 

section. (See overview of the Southern radial network in appendix 9H.)  

6.7 Comparison of power requirements with dpPower 

When I had completed the analyses I had set out to achieve for this thesis, I reviewed my results with 

HEMAB’s experienced staff to eliminate misleading or incorrect results. We reflected upon other radial 

networks and whether dpPower, the network management system that HEMAB uses, would achieve the 

same or similar results. With the limited time I had to my disposal, I attempted this task on the two case 

studies in this thesis. 

By connecting a mobile generator into the network schematics of the dpPower system, a comparison can 

be made between my theoretical power requirements and the power flow results given by a network 

analysis in dpPower. The generator was connected at the tail end of the network and it was sectioned off 

at the first substation.  

The results from the comparisons between the dpPower analysis and mine displayed both similarities 

and differences, see appendices J, for the Northern radial network, and K, for the Southern radial 

network. The power requirements to feed the entire network showed similarities, but the power 

requirements between the substations did not. Possible causes for the differences in the comparison 

could be that the analysis done by dpPower, was of the current network, which consists of overhead 

lines and different cable types and cable lengths, whereas my analyses was for a future underground 

cable network. Another possible reason for the differences could be how dpPower aggregates the loads 

of the network, which is unknown to the author. My guess is though that they use the Velander method 

for the entire network. 

After reviewing the comparison between the analysis by dpPower and my analyses with staff at 

HEMAB, we agreed upon the conclusion that the power requirements displayed acceptable similarities 

and my charts could be used as a reference in the event of a forced outage.  
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7 Discussion and conclusions 

The results from the analyses in this thesis indicates that it is possible to eliminate forced outage 

compensation costs by planning the deployment of mobile generators in predefined feed-in points. One 

of the results of my analyses is that one single generator can supply an entire radial network if deployed 

at the most effective feed-in point. This option means that only one diesel engine has to be refilled and 

only one mobile transformer has to be transported. Network operators can find the most effective feed-in 

point by employing the reference chart method presented in this thesis. This chart is also functional if a 

radial network needs to be run as several island networks due to multiple cable faults. 

I found using a network schematic helpful for visualising which substations were supplied power and 

which substations were excluded. For an example of the network schematic I used see figure 5,  

chapter 5.3 and my own simplified versions in appendices 9G and 9H. 

Both case studies in this thesis are in the project phase and when the new substations are to be installed, 

consideration should be given to the land around them. Many of the new substations will be installed in 

hilly areas and it is essential that transport vehicles can access the site easily and that sufficient space for 

unloading the mobile generator and accompanying equipment is available. 

Since the networks in the case studies used for my analyses do not yet exist, the charts produced have 

not been applied in practice. My hopes are that the charts will prove useful in the future because of their 

simplicity 

7.1 Mobile generator deployment for the Northern radial network 

In the event of a forced outage where the entire radial network is affected, the first option for a feed-in 

point would be at the substation ID 9280, Storsela. The power requirement is less than 200 kVA, which 

means that generators ID G5 or ID G6, see appendix 9I, should be deployed at this position. When 

connecting a generator with this power rating, a mobile transformer is also needed at this feed-in point, 

see section 5.7.2 Need for mobile transformer. 
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For a multiple island network, one 100kVA generator could be placed at substation ID 9280, Storsela, 

which will feed all substations downstream from the line disconnector MF-931. Another 100 kVA 

generator could be placed at substation ID 9240 Högberg, powering all substations upstream from the 

line disconnector MF-931. 

7.2 Mobile generator deployment for the Southern radial network 

In the event of a forced outage where the entire radial network is affected, the first option for a feed-in 

point would be at substation ID 7206, Storroten Norra. The power requirement is 232,6 kVA, which 

lends to a 300 kVA generator ID G7 or ID G8 being deployed at this position. Another option would be 

a 200 kVA generator ID G5 or ID G6 (see appendix 9I) operating at 20 % overload. When connecting a 

generator with this power rating, a mobile transformer is also needed at this connection point (see 

section 5.7.2 Need for mobile transformer).  

For a multiple island network, a 200 kVA generator could be positioned at substation ID 7206, Storroten 

Norra, feeding all substations downstream from the line disconnector F-715. Another 100 kVA 

generator could then be placed at substation ID 7180, Hamre, feeding itself and substation ID 7175, 

Hamreliden. 

Another option for a multiple island network would be to use three 100 kVA generators. One generator 

could be placed at substation ID 7206, Storroten Norra, which would demand the generator operating at 

overload, a second at substation ID 7197, Lillroten Norra, and a third at substation ID 7185, Nygård. 

This option is a less attractive option than the one described in the paragraph above, since it would 

demand fuel refills at three different locations. 
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9 Appendices  

9A Velander constants. SNI_CODE indicates what type of establishment the customer has, 

for example SNI_CODE 91 Small house with electrical heating. These constants are taken from 

dpPower network management system. 

SNI_CODE DCONST1 DCONST2 COSFI 

22 0.00025 0.06 0.95 

92 0.00025 0.06 0.95 

94 0.00023 0.06 0.9 

96 0.00023 0.06 0.9 

11 0.00025 0.05 0.9 

12 0.00025 0.05 0.9 

30 0.00025 0.05 0.9 

40 0.00025 0.05 0.9 

54 0.00025 0.05 0.9 

62 0.00025 0.05 0.9 

63 0.00025 0.05 0.9 

81 0.00025 0.05 0.9 

82 0.00025 0.05 0.9 

83 0.00025 0.05 0.9 

84 0.00025 0.05 0.9 

85 0.00025 0.05 0.9 

64 0.00023 0.05 0.9 

72 0.00023 0.05 0.9 

97 0.00023 0.05 0.9 

51 0.00025 0.05 0.9 

52 0.00025 0.05 0.9 

53 0.00025 0.05 0.9 

61 0.00025 0.05 0.9 

71 0.00025 0.05 0.9 

73 0.00025 0.05 0.9 

21 0.00028 0.025 0.95 

91 0.00028 0.025 0.95 

93 0.00028 0.025 0.95 

95 0.00028 0.025 0.95 

9999 0.00028 0.025 0.9 
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9B Graph showing the increased power requirements as more substations are added to the island network. Each curve starts from 

the feed-in substation and powers upstream in the Northern radial network. Generators G1-G6 indicated in red to assist in deployment 

decisions. 
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9C Graph showing the increased power requirements as more substations are added to the island network. Each curve 

starts from the feed-in substation and powers upstream in the Southern radial network. Generators G1-G8 indicated in red to 

assist in deployment decisions. 
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9D Cable characteristics as given by the manufacturer 

 

Nominal 
voltage   
Vn [kV] 

Conductor  
area mm² 

Resistance  
ohm/km phase 

Inductance 
mH/km phase 

XL 
ohm/k

m 

ZL 
ohm/k

m 

Capacitance 
uF/km phase 

AXCEL 50 12 50 0.641 0.41 0.129 0.832 0.23 

AXCEH 95 12 95 0.32 0.37 0.116 0.426 0.3 

AHXAMK-W 95 12 95 0.32 0.37 0.116 N.A. 0.29 

ACJJ 50 12 50 0.641 0.822 0.33 0.104 0.828 

AXC light-H 25 12 25 1.2 0.38 0.119 1.543 0.19 

AXLJ-RMF 25 12 25 1.2 0.32 0.12 1.543 0.19 

AXLJ-F LT 95 12 95 0.32 0.31 0.088 0.33 0.3 

FeAl 49 12 62 0.535 1.03 0.324 0.571 N.A. 

 

9E Cable characteristic for the Northern radial medium voltage network sections  

From To Distance [km] Cable type R Ω XL Ω Xc 

9225 9230 1.064 AHXAMK-W 95 0.34048 0.103208 3.192E-07 

9230 9235 1.458 AHXAMK-W 95 0.46656 0.141426 4.374E-07 

9235 9240 1.126 AHXAMK-W 95 0.36032 0.109222 3.378E-07 

9240 MF-931 1.007 AHXAMK-W 95-AXCEL 50 0.368785 0.102319 2.9195E-07 

MF-931 9245 0.836 AXClight-H 25 1.0032 0.099484 1.5884E-07 

MF-931 9247 Ny 0.321 AXCEL 50 - ACJJ 50 0.205761 0.040859 7.471E-08 

9247 Ny 9250 Ny 1.175 ACJJ 50 0.753175 0.1222 3.1725E-07 

9250 Ny 9260/9255 2.312 ACJJ 50 1.481992 0.240448 6.2424E-07 

9247 Ny 9270 Ny 3.589 ACJJ 50 2.300549 0.373256 9.6903E-07 

9270 Ny 9275 Ny 0.708 ACJJ 50 0.453828 0.073632 1.9116E-07 

9275 Ny 9280 Ny 1.395 ACJJ 50-AXCEL 50 0.894195 0.154105 3.6221E-07 
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9F Cable characteristics for the Southern radial medium voltage network 

From To Distance [km] Cable type R Ω XL Ω Xc Ω 

7206 Ny 7204 Ny 1.0835 AXCEL 50 0.6945 0.1398 2.278E-07 

7204 Ny 7201 Ny 0.9905 AXCEL 50 0.6349 0.1278 1.74E-07 

7201 Ny 7200 Ny 0.7567 AXCEL 50 0.485 0.0976 7.183E-08 

7202 Ny 7197 Ny 0.8116 AXCEL 50 -AXClight-H 25 0.7407 0.1008 8.126E-08 

7200 NY 7197 Ny 0.8991 AXCEL 50 -AXClight-H 25 0.9463 0.1094 9.906E-08 

7197 Ny 7195 Ny 0.9517 AXCEL 50 -AXClight-H 25 0.8616 0.1183 2.009E-07 

7195 Ny 7190 2.8618 AXCEL 50 1.8344 0.3692 6.582E-07 

7192 Ny 7190 0.9064 AXCEH 95-FeAl 49 0.3666 0.1792 1.683E-07 

7190 7185 Ny 1.2631 AXCEL 50 0.8096 0.1629 2.905E-07 

7191 7185 Ny 0.8644 AXCEL 50-AXLJ-RMF 25 0.8825 0.0951 1.753E-07 

7185 Ny 7180 Ny 0.9524 AXCEL 50 0.6105 0.1229 2.191E-07 

7180 Ny 7175 Ny 1.0469 AXCEL 50 0.6711 0.1351 2.408E-07 

7175 Ny 7270-0001 1.5322 AXLF-F LT95 0.4903 0.1348 4.596E-07 

9G Overview of Northern radial network 

 

9H Overview of Southern radial network 
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9I Mobile generators at HEMAB 

 

  

Identification 
Power rating 

kVA 
Manufactur

er 
Transport 
method 

Motor 
effect Comments 

G1 100 Genetec Heavy vehicle 113kW 
 G2 100 Genetec Heavy vehicle 113kW 
 G3 100 Genetec Heavy vehicle 113kW 
 G4 100 Genetec Heavy vehicle 113kW 
 G5 200 Genetec Heavy vehicle 206kW 
 G6 200 Genetec Heavy vehicle 206kW 
 G7 300 Genetec Heavy vehicle ~350kW 
 G8 300 Genetec Heavy vehicle ~350kW 
 G9 400 Scania Heavy vehicle ~500kW 
 

G15 100 Attacus Light Vehicle 100 kW 
Transport by helicopter in 2 
parts 
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9J dpPower analysis results of the Northern radial network 

Feed-in substation ID  Segment Cable type P  kW Q kVAr 

9280 <25095X>-<9240/3> AHXAMK-W 95 110.383 40.15 

9280 <25132X>-<25095X> AHXAMK-W 95 110.393 40.154 

9280 <25096X>-<25132X> AHXAMK-W 95 110.403 40.154 

9280 <25097X>-<25096X> AHXAMK-W 95 110.41 40.153 

9280 <9245-0001>-<25097X> AXCEL 50 110.411 40.152 

9280 <191061>-<9245-0001> AXCEL 50 120.298 43.253 

9280 <9247>-<191061> AXCEL 50 120.302 43.252 

9280 <9260-0003>-<9260-0001> FeAl 99 135.036 48.067 

9280 <9260-0001>-<9247> AXCEL 50 135.038 48.063 

9280 <9280-0273>-<9260-0003> FeAl 99 158.281 56.589 

9280 <216399>-<9280-0273> FeAl 99 158.306 56.609 

9280 <9280-0288>-<216399> FeAl 99 158.356 56.66 

9280 <9275>-<9280-0288> FeAl 99 172.204 61.196 

9280 <9280-0294>-<9275> AXCEL 50 179.534 64.242 

9280 <9280>-<207295> FeAl 99 179.595 64.327 

9280 <207295>-<9280-0294> FeAl 99 179.596 64.33 

9280 <9245-0001>-<9245> AXCLIGHT-H 25 18.502 6 

9280 <9280-0288>-<9270-0001> AXCEL 50 23.79 7.96 

9280 <9270-0001>-<9270> FeAl 99 23.79 7.96 

9280 <9260-0013>-<9260-0023> FeAl 99 27.241 10.232 

9280 <9260-0011>-<9260-0013> FeAl 99 27.241 10.231 

9280 <9260-0023>-<9260> FeAl 31 27.244 10.232 

9280 <9248>-<9260-0011> FeAl 99 31.041 11.681 

9280 <9260-0003>-<9248> FeAl 99 34.742 12.752 

9280 <9280>-<G2>   -400 -300 

9280 <25150X>-<213211> AHXAMK-W 95 57.18 20.18 

9280 <25151X>-<25150X> AHXAMK-W 95 57.181 20.18 

9280 <213211>-<9230/3> AHXAMK-W 95 57.184 20.181 

9280 <25152X>-<25151X> AHXAMK-W 95 57.186 20.182 

9280 <9235/2>-<25136X> AHXAMK-W 95 57.192 20.181 

9280 <25136X>-<25152X> AHXAMK-W 95 57.193 20.181 

9280 <207119>-<9250> FeAl 62 8.14 3.17 

9280 <9250-0001>-<207119> FeAl 62 8.14 3.17 

9280 <9260-0011>-<9250-0001> FeAl 62 8.14 3.17 

9280 <25135X>-<9235/3> AHXAMK-W 95 98.289 35.933 

9280 <9240/2>-<25133X> AHXAMK-W 95 98.306 35.942 

9280 <25133X>-<25134X> AHXAMK-W 95 98.307 35.942 

9280 <25134X>-<25135X> AHXAMK-W 95 98.31 35.936 
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9K dpPower analysis results of the Southern radial network 

Feed-in substation ID  Segment Cable type P  kW Q kVAr 

7206 <7206>-<G1>   0.0 0.0 

7206 <7190>-<209999> FeAl 99 100.078 34.19 

7206 <7201-0055>-<7190> FeAl 99 131.814 47.454 

7206 <7195>-<7201-0055> FeAl 99 131.955 47.612 

7206 <7197>-<7195> FeAl 99 147.689 52.922 

7206 <7201-0095>-<7197> FeAl 99 157.918 57.23 

7206 <7180>-<7175> FeAl 99 17.471 5.841 

7206 <7206-0001>-<7201-0095> FeAl 99 220.212 80.372 

7206 <7202>-<7206-0001> FeAl 31 220.389 80.441 

7206 <7206-0008>-<7202> FeAl 31 235.933 87.473 

7206 <7204>-<207531> FeAl 31 236.62 87.738 

7206 <207531>-<7206-0008> FeAl 31 236.849 87.839 

7206 <7206>-<7204> FeAl 31 243.31 90.933 

7206 <209999>-<209998> AXLJ-RMF 50 3.81 1.77 

7206 <209998>-<7191> AXLJ-RMF 25 3.81 1.77 

7206 <7201-0042>-<7185> FeAl 99 32.97 10.88 

7206 <208331>-<7201> FeAl 49 34.73 12.78 

7206 <7200>-<208332> FeAl 49 34.73 12.78 

7206 <208332>-<208331> FeAl 49 34.733 12.782 

7206 <7190>-<208333> FeAl 49 40.52 16.94 

7206 <208336>-<7192-0008> FeAl 49 40.521 16.941 

7206 <7192-0008>-<208334> AXCEH 95 40.521 16.941 

7206 <208334>-<7192> AXCEH 95 40.521 16.94 

7206 <208333>-<208336> FeAl 49 40.522 16.941 

7206 <7201-0034>-<7180> FeAl 99 75.571 26.041 

7206 <7201-0042>-<7201-0034> FeAl 99 75.583 26.054 

7206 <7201-0095>-<7200> FeAl 99 77.955 29.265 

7206 <209999>-<7201-0042> FeAl 99 98.976 33.686 

 

 


