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This paper aims to give a picture of Oskarshamn Nuclear Power Plant (OKG) experience from 

design for one of the biggest modernization project in the world and focuses on what was learned that 

is specific to robustness of electrical power systems, especially through Fukushima Station Blackout 

(SBO). 

The planning for unit 2 at OKG was initiated in 1967 and the plant was completed on time and 

was synchronized to the grid October 2, 1974 and is of type BWR. Unit 2 was originally on 580 MW. 

In 1982 a thermal power uprate was performed, from 1700 MWh to 1800 MWh (106% reactor 

output). 

A decision was made to perform a modernization and a new power uprate to 850 MW and there 

were several reasons for this decision; New safety regulations from Swedish Radiation Safety 

Authority (SSM), Ageing of important components and the initial focus was on safety and availability 

– Project Plant Life Extension (Plex) was established and became the largest nuclear power 

modernization in the world. 

The modernization will lead to:  

 New safety concept with 4 divisions instead for existing 2 with 2 new buildings South 

Electrical Building (SEB) and North Electrical Building (NEB) 

 Completely new software - based equipments for monitoring, control and I&C 

 New Low Pressure Turbine, new generator and main transformer 

 New MCR and simulator 

 Compliance with modern reactor safety requirements 

 Redundancy, Separation, Diversification, Earthquake 

 Reinforcement of existing safety functions 

 New Electricity - I&C ( electric power incl. reinforced emergency power and control 

systems) 

 New buildings for Electricity - I&C  

 Reinforcement of existing process systems as well as installation of new ones 

Based on studies and good experiences on how to separate the operational and the safety 

equipment, the project led to a completely new safety concept. The safety concept is based on fully 

understanding the safety system that shall encompass all of the elements required to achieve a 

protective or safety function. It is of utmost importance that the requirements on redundancy, 

separation, diversification and earthquake will be fulfilled.  

Okg had long technical discussions with the suppliers and the manufacturers of the new electrical 

equipment including the power electronic to understand the idea of a proper design margins how to be 
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specified, how to follow the regulations and how to be tested as part of the FAT. The experience 

stretches to include the testing of the new EPS in accordance with the new regulations. The paper will 

include some of the outcomes and the lessons learned from the installation of cable routing, new 

switchgears, transformers, batteries and rectifiers. 

 

Definition and Abbreviations 

The following terms and definitions are used in this paper:
1
 

diversification: two or more alternative systems or components that independently of each other 

perform the same safety task, but in essentially different ways or by having different 

characteristics. 

common cause failure: a failure which simultaneously occurs in two or more systems or 

components due to one specific event or cause. 

ELAP Extended Loss of Alternating current Power 

ELAP-PS ELAP dedicated Power Source 

 

Benefits and Challenges 

 

The Road to a future Modernized Plant 

OKG contains 3 units of different generations. Unit 1 has been in operation since 1972, unit 2 

since 1974 and unit 3 since 1985. All units are highly dependent on electrical power for cooling 

Reactor Pressure Vessel (RPV) and Spent Fuel Pools (SFP). 

The configuration and design of OKG is created by the Swedish company Asea-Atom with a 

strong influence from the US safety requirements that is documented in 10CFR50, 10CFR50 

Appendices and Regulatory Guides. The US requirements are continuously screened by OKG and new 

or revised requirements are assessed with respect to positive impact on the safety of OKGs nuclear 

power plants.  

The content of the present paper is primarily related to matters "within design basis" except for 

the questions specific to robustness of electrical power systems through Fukushima SBO, the content 

is related to matters “beyond design basis”. 

The main objective of project PLEX is to increase the safety measures and secure the availability, 

power uprate unit 2, address some environmental measures and a step by step implementation during 

the time period. 

The purpose of the Project PLEX is among others to upgrade, to adapt and to modernize to state 

of- the - art standards the Reactor Protection System (RPS), associated 1E controls and the Diverse 

Protection System (DPS) including monitoring systems. Two new I&C platforms, one for RPS and 

DPS respectively, are provided to implement the logic and control for all safety functions. 

                                                      
1
. The Swedish Radiation Safety Authority’s Regulations concerning the Design and Construction of Nuclear 

Power Reactors, SSMFS 2008:17 
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Safety & Availability 

The safety increasing measures and securing the availability of unit 2 will ensure 60 years of 

technical lifetime, as from 1974. Analysis regarding a power uprate was initiated, postponed and then 

resumed during the period 2003-2007. 

The focus in Plex is on the safety measures and is aimed at meeting the modern reactor safety 

requirements stated in SSMFS 2008:17. A great number of measures are performed in order to meet 

the requirements regarding redundancy, separation, diversification and earthquake protection. One of 

the most important measure is to build a new diversified cooling chain for residual heat. 

The modernization will lead to:  

 New safety concept with 4 divisions instead for existing 2 with 2 new buildings South 

Electrical Building (SEB) and North Electrical Building (NEB) 

 Completely new software - based equipments for monitoring, control and I&C 

 New Low Pressure Turbine, new generator and main transformer 

 New MCR and simulator 

 Compliance with modern reactor safety requirements 

 Redundancy, Separation, Diversification, Earthquake 

 Reinforcement of existing safety functions 

 New Electricity - I&C ( electric power incl. reinforced emergency power and control 

systems) 

 New buildings for Electricity - I&C  

 Reinforcement of existing process systems as well as installation of new ones 

Several large components required replacement at unit 2 to secure the availability once the unit’s 

expected technical lifetime had been increased from 40 years to 60 years. Even before Plex was 

initiated there was a decision made regarding replacing the generator and transformer at unit 2, which 

was also done in 2005 and 2006. 

A new low pressure turbine was required. Cracks on the low pressure rotors had been discovered. 

New low pressure turbines were installed during the outage in 2009. At the same time, some repair 

work was done on the condenser as well as some modernization work of auxiliary systems such as oil 

system. 

Project Turbic was planned before Plex. Control systems were changed to software based and the 

control room interface was modified in connection to the outage in 2007. 

A new and different design on inlet ports and blades leads to improved efficiency. Performance 

measurements conducted afterwards indicate almost 45 MW higher output power, far better than the 

35 MW that were promised beforehand. 

 

Power uprate 

Preliminary studies regarding a power uprate at unit 2 were successively performed during the 

period 2003-2007 and the conclusion was reached that it would be possible. The final decision was 

made in 2007. An environmental court order approving the power uprate was granted during the 

autumn of 2009 and later on the government decision was granted. 
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An increase of the power output means that the fuel will be more stressed and that the percentage 

of fresh fuel increases. This will evidently lead to an increased use of fuel in proportion to the power 

uprate. 

Together with the efficiency improvement the total power uprate at unit 2 will be 36 percent, 

which on a percentage basis is the highest power uprate in the world.   

This means that there are new requirements imposed on the process systems, which in some cases 

require reinforcement, such as valves with greater capacity and stronger mounting. Analyses are being 

performed in order to establish the need. 

Environmental 

In connection to the environmental court examination of the entire OKG business including 

power uprate at unit 3 and the modernization at unit 2, the Environmental Court established a set of 

conditions to OKG for continued operation. Some of these conditions have been incorporated in 

project Plex. These conditions concern the deep sea water intake for unit 1 and unit 2, the installation 

of recombiners at unit 1 and unit 2, and the installation of carbon columns at unit 2. 

A deep sea water intake will provide colder water to the station and thereby also colder water out 

in to the bay. The objective is to protect the fish living in the bay from too high temperatures. 

Improved efficiency in the units is a positive resulting effect, the colder the cooling water is, the 

higher the production. 

A reduction of the releases of radioactive substances to air and water is crucial. OKG’s emissions 

are already far lower than the set limit values, but with the help of recombiners and carbon columns 

these will be even further reduced.  

Implementation  

A decision regarding implementation over several years was made on an early stage in the 

process. Experiences from modernization project at unit 1 (MOD) showed that logistically it would be 

very difficult to perform all the planned activities during only one outage. A step by step 

implementation during the time periods was crucial. 

The Challenge of New Technical Requirements 

 

Diversification: 

The diversification design principle shall be applied in the design of the reactor’s defence in 

depth to the extent that is reasonably practicable. Diversification in the power supply system was 

discussed as a measure to avoid Common Cause Failures in the future.
 2
 

The requirement upon diversification in the new trains versus the existing trains of the electrical 

power supply system had to be further emphasized. Attention to that question was taken up in the 

design as well as in the validation of the system. It was recommended that a requirement on 

                                                      
2
. The Swedish Radiation Safety Authority’s Regulations concerning the Design and Construction of Nuclear 

Power Reactors, SSMFS 2008:17 
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diversification should be valid for the following types of equipment: Diesel-generator sets, Rectifiers, 

Inverters, Batteries, Circuit breakers, Relay protections. 

Diesel generators belonging to division A and B shall be of diversified type and manufacture 

versus the diesel generators in division C and D.
3
 

The plant consists of about 9000 functions and components with some kind of electrical 

connection. About 1300 are modernized in earlier projects and about 2200 of them are foreseen to be 

modernized during the safety upgrade. The rest needs future modernization to secure another 30 years 

operation.
4
 

Figure 1 shows the idea behind the new safety concept with 4 sets of EDG in which each set 

forms a complete autonomous unit. 

 

Figure 1. Safety concept with 4 divisions instead of existing 2 

 

General Functional Requirements 

New general functional requirements are for example: 

 Separation requirements (such as the separation of 1E/2E functions), 

 Redundancy requirements (such as a 4 channel structure for the new RPS), 

 Diversity requirements (such as usage of diversified input conditions). 

 

                                                      
3
. Oskarshamn 2 - Project Plex - Technical Requirements - Subproject Reactor (BETA) 

4
. I&C Modernization Strategy and Estimated Volumes 
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Detailed functional requirements 

Detailed functional requirements on system level are specified in: 

 The current OKG logic diagrams, which document the proven I&C design that meets 

the presently applicable general requirements and 

 The Basic Design system descriptions which specify the new requirements on system 

level that result from project PLEX. 

 

Other Considerations 

Unit 2 has 4 different diversified power generation systems. Se Figure 2 

 Offsite grid (with possibility for house load operation) 

 Gas-turbine generators 

 Emergency Diesel Generators (EDG) 

 Batteries 

The core cooling function at unit 2 is jeopardized only if the four diversified power generation 

systems are lost.  

 

Figure 2. One-line diagram for Oskarshamn 2 

 

The Gas Turbine Plant has historically been allocated to Unit 2 and it has been included in the 

safety concept, classified as safety class 3 and electrical functional class 1E.  Due to Project Plex, the 

importance for Unit 2 will decrease. 
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Specific Challenges and lessons learned 

Okg and for the EDG solution for unit 2 had long technical discussions with the suppliers and the 

manufacturers of the new electrical equipment including the power electronic to understand the idea of 

a proper design margins how to be specified, how to follow the regulations and how to be tested as 

part of the FAT. The experience stretches to include the testing of the new EPS in accordance with the 

new regulations. 

 

Regulatory studies 

In NPP, the importance of the formal using of Governmental regulations and industrial standards 

has been highlighted in the Safety Analysis Report (SAR) for each NPP
5
. OKG has built a committee 

known as Standard committee with the task to provide guidance for developing and implementing 

standards to ensure reactor safety and evaluate new and revised codes, standards and documents 

dealing with the design of nuclear power reactors before writing or updating the SAR. The codes and 

standards that are prioritized at OKG are in accordance with SAR hierarchy. 

At the design stage, OKG can address the interpretation of the Governmental codes and industrial 

standards by attempting to find answers to two questions: how to tie in the Governmental codes e.g. 

Regulatory Guides and the industrial standards e.g. IEEE standards, and how to integrate both types of 

requirements in the design process. 

It has been discussed at all levels at the plant to find an easy way of presenting the codes in 

question and their related industrial standards in a good practical hierarchy. The work led to finding 

modules presenting the hierarchy connections between the industrial IEEE standards related to class 

1E power systems and Regulatory guide codes of the NRC Government regulations. Project PLEX 

presented a hierarchy in which helped identifying the proper standards as early as possible in the 

design process. The hierarchy can help OKG staff to better incorporate codes and standards and 

implement them in the right way by
6
:  

 Making the hierarchy available in OKG homepage and have an easy access to them.  

 Conducting standard training for engineers, maintenance staff and for the management. 

 Developing and disseminating standards education materials that can be incorporated into 

existing courses at the plants. Materials may include tutorials, case studies, lectures by 

industry professionals and Standard committee personnel on the basics of standards, and 

instruction on how to read and use the hierarchy lists. 

 Developing examples of how to use standards in various foundations and experience change 

from different projects at the plant. 

 Using the hierarchy lists when discussing different kinds of technical issues with suppliers and 

the manufacturers at any level of the projects. 

 

  

                                                      
5
. Oskarshamn 2 – Safety Analysis Report (SAR) 

6
. The state of the use of hierarchy structure between IEEE standards and Nuclear Regulatory Guides related to 

class 1E Power Systems by Salah Kanaan 
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Dynamic Simulation Studies 

In order to verify that the AC auxiliary power system at unit 2 is capable of providing sufficient 

electric power to the modernised plant with preserved tolerances regarding frequency, current ratings 

and voltage, a package of simulation studies was performed. 

The auxiliary power system is modelled in Simpow power system simulation software. The 

modelling scope included component details from the 400 kV and 130 kV connection points to the 

power transmission network down to 400 V AC network. The DC network was represented as PQ – 

load. The asynchronous loads on safety related busbars are modelled down to 10 kW. The loads at 

non-safety busbars are modelled down to 75 kW. The rest of loads are modelled as lumped equivalent 

loads.  

The component data available was often not detailed enough for modelling purpose, especially 

for asynchronous machines.  Instead of being forced to use extremely conservative assumptions during 

simulation studies, a lot of emphasis was put on modelling asynchronous machines correctly. For this 

purpose we conducted extensive measurements of asynchronous machine start-ups. The measurements 

were used for development of a parameterisation method based on IEEE standard. Machine 

parameters generated with this method resulted in satisfactory results when dynamic simulations were 

compared to measurements even for those cases when only rated machine parameters were available at 

start. 

Measurement based modelling was also applied for the diesel generator engines and control 

systems as satisfactory data could not be obtained from the contractors. From the measurement data 

obtained during set of dynamic tests the models of governor, AVR and excitation system were 

developed. Even dynamic temperature dependence of engine turbo operation was represented in detail 

which plays important role in dynamic simulation studies of diesel start sequences with cold engine. 

The simulation studies performed were:
7
 

 Operation currents on all busbars 

 Short-circuit currents on all busbars 

 Start sequence on gas turbine secured non-safety busbars 

 Start sequence on diesel secured busbars 

 MAVA pump start and stop on non-safety busbars 

 Start of largest load on diesel secured busbars 

 Loss of largest load on diesel secured busbars 

 

Factory Acceptance Test related to the Disturbances in the External Grid 

The design basis events and the disturbances in the external grid were discussed during different 

phase at the project. The incident at Forsmark nuclear power plant in Sweden on the 25th of July 2006 

has focused the interest on the interaction between events in external grid and the performance of 

safety related equipment in the nuclear power plants. 

The result of the simulations of all short-circuits or earth-fault cases have resulted in a set of a 

limited number of design voltage and frequency profiles. Such profiles can be used in specification 

                                                      
7
. Oskarshamn 2 – Study outline – Analysis in PLEX Modernized Plant 
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and testing of safety related equipment. The profiles have been used as initial conditions, and already 

incorporated in SAR for unit 2. 

The project faced a big challenge for testing the new UPS and the rectifiers to ensure that they 

withstand all the voltage and frequency design profiles. The discussions with the supplier and the 

manufacturers lead to a specific test adaptation resulted in an accepted output. Fig 3 shows the single 

line diagram for the test facility for the tested rectifier.
8
 

 

 

Fig 3 Single line diagram of test facility 

 

Implementation during different time period 

OKG learned from the modernization project at unit 1, that implementation during one time 

period and one big outage was not the most optimal solution. Project PLEX planned the 

implementation during different outages and a step by step during the time periods: 

 Outage 2007 

 Outage 2009 

                                                      
8
. Factory Acceptance Test, FAT 115105 for Battery Charger/Battery Cubicle, AEG Power Solutions 
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 Outage 2013 

 Outage 2015 (Some other small implementation was planned in between presented periods). 

 

Separation of 1E and 2E 

Based on studies and good experiences on how to separate the operational and the safety 

equipment, the project led to a completely new safety concept. The safety concept is based on fully 

understanding the safety system that shall encompass all of the elements required to achieve a 

protective or safety function. It is of utmost importance that the requirements on redundancy, 

separation, diversification and earthquake will be fulfilled. 

 

The Challenges specific to robustness of electrical power systems through Fukushima SBO 

Following the nuclear accident in Fukushima the European Council of Ministers decided, March 

25, 2011 that Member States would begin to review the safety of their nuclear facilities through a 

comprehensive risk and safety assessment, so-called stress test.  

A group was built and made an international survey of the most important historical events. The 

complete picture shows a position beyond the design bases for the nuclear power plants.  

On March 20, 2012 the USNRC issued an “Advance Notice of Proposed Rulemaking” regarding 

a change of the 10CFR50.63, also known as the “Station Black-out rule”. The proposed change is to 

extend the coping time for a SBO-situation to 8 hours without any AC-sources available and a coping 

time of 72 hours without any external supplies arriving to the site.
9
 

OKG took into account national and international experiences and future requirements and 

followed Fukushima event continuously to understand what happened and what was needed to be 

addressed. 

Our assessment was that new postulated events like Loss of AC–power; Station Blackout (SBO) 

for design of back fitting measures shall take expected requirement changes in the US into account. 

Each function was analyzed with respect to their prerequisites (technical/functional, maintenance, 

operation) and the prerequisites for the function were analyzed based on how they were affected by 

external events. 

Some of the conclusions from performed analysis are shown below: 
10

 

 Ensuring that consumables are accessible (fuel, oil, filters, etc.) in the required amount 

and in direct connection with diesel generators (and gas turbines) to withstand at least 

72 hours of operation as well as central storage for a total of at least seven days’ 

operation 

 Increased robustness may also be achieved by changing to a common fuel for all 

diesel engines, if possible, and ensure that equipment for the transport of fuel within 

the site from units not needed to other units with acute needs 

                                                      
9
. Project Kent - OKGs Position related to experiences after Fukushima 

10
. Project Kent – Consequences on OKG after Fukushima incident 
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 Existing instructions are developed with the assumption that external net return within 

a few hours.  

 Review of existing relevant instructions and training/coaching of staff should be 

implemented to improve the ability to maintain the power supply function in a long 

term process. 

 Day tank volume for unit 1/unit 2 is not sufficient for multi-day operation. Fuel supply 

in relation to long-term operation depends on storage tanks within the area, and 

associated electric powered heating cables and pumps.  

 Review should be made of systems and equipment for fuel supply without any manual 

steps to ensure fuel supply for at least seven days without influence of initial event 

(earthquake) and external events (cold). 

 

New requirements on ELAP-PS after Fukushima incident 

After Loss of off-site power, emergency diesel generators and any alternate AC source but not the 

loss of AC power to buses fed by station batteries through inverters, the alternate auxiliary power 

source (ELAP-PS) shall be credited after 8 hours.  

The ELAP-PS shall be designed for continuous operation (>72 hours)
11

 

The results of the study and the work done led to general improvements: 

 Extend batteries discharge time by higher capacities and load shedding (The limiting 

case for battery capacity sizing will normally be station blackout) 

 Secure power from the gas-turbines to all units 

 The power systems shall withstand severe weather conditions like low and high 

temperature, heavy snowfall, seismic condition, flooding and ice storms. 

 Seismic resistance up to 10
-5

/year 

 Stationary diesels to feed the Multi Venting Scrubber System (MVSS), (Filtered 

containment venting through an inerted multi-venturi scrubber system with a 

decontamination factor of at least 500 was installed after Three Mile Island accident in 

1979. Based on a governmental decision, all Swedish Nuclear Power Plants were back 

fitted with severe accident mitigation systems) 

 Mobile diesels to charge the batteries 

 Enhancement between ordinary and alternative power sources by: 

i. For unit 1: Install a new Reserve Diesel-Generator (RDG) and  possibility to 

decrease the demand and the requirement on the gas-turbines 

ii. For unit 2: Install 2 new EDG 

iii. For unit 3: Install automatic connection to the gas-turbines to cope with CCF 

of the diesels. 

Unit 1 and unit 3 take credit of an alternate AC power source in order to fulfil SSMFS 2008:17 

§10. (CCF in reactor protection system in unit 1 and CCF in diesel generators or diesel cooling 

systems in unit 3). OKG had to face the fact that the existing Gas Turbine Plant, including the GTGs, 

that supply electrical backup power were commissioned in 1972 and have to be renewed and/or go a 

major over-hauled. Availability of the Gas Turbine Power Plant is decreasing and maintenance cost is 

                                                      
11

. ENSREG - Interpretations and assumptions 
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increasing. Main supplier Siemens has in 2012 withdrawn the service and spare parts for these power 

packs, due to a low quantity. 

There is an ongoing study at OKG to decide whether it is feasible possible to exchange the 

existing GTP with a new Power turbine or even with a Diesel-Generator (DG). The study preliminary 

points out the reliability and availability for both GTG and DG, but the background is not to full extent 

clear.
12

 

Many lessons were learned from the maintenance departments, main supplier, international and 

national forum to cope with the ageing auxiliary power supply at OKG. 

 

New Alternate Power Source Classification 

The classification of the alternate AC power source is affected by a number of parameters. We 

still have conflicted interpretation on how we deal with whether this should be classified as a Non-

Nuclear Safety (NNS) or not.  

In a non released SSM document they required classification of systems and components credited 

to cope with CCF as follows: 

- If existing system and components are credited NNS is  acceptable with additional 

requirements regarding testing and  readiness for operation 

- If new systems and components are credited the classification  these should be in accordance 

with the ordinary function  (Safety classified). 

Due to this uncertainty an investigation is on-going to prepare a quality assurance concept which 

allows industrial standard components to be used. The working title of the new safety class is “Safety 

Class 3*”. 

 

Conclusion 

The importance of the modernization of unit 2 is to fulfil the requirements on redundancy, 

separation, diversification and earthquake.  This OKG has learned through compliance with the 

Swedish Radiation Safety Authority new requirements especially after Forsmark 1 incident on the 25
th
 

of July 2006. 

Parallel with the modernization project at unit 2, OKG has learned from the experiences in the 

Fukushima event; took into account national and international experiences and future requirements, 

followed Fukushima event continuously and finally the results of the study and the work done led to 

general improvements presented in this paper. 

 

  

                                                      
12

. Oskarshamn 1, 2 och 3 - Project KENT - Recommendation of concept for new auxiliary power generation 

facility 
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