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A Brief Account of Kozloduy 6 Full-Scope Replica 
Control Room Simulator Upgrade Experience  

An Engineering Point of View 
 

Where we are 
The well informed or already bored reader may skip this section but, nevertheless, we feel a need to 
explain from where we go and how our experience was built. 

Kozloduy NPP is situated on a Danube river in Northern Bulgaria, close to the town of Kozloduy. 
Kozloduy NPP, Plc. used to operate four VVER-440 units built in two batches, and two VVER-
1000 units. Kozloduy 1 and 2 were commissioned in July 1974, and November 1975, respectively. 
These twins were among the first units built in the former Eastern Block-associated countries, 
paralleled only by former East German KKW Nord. Kozloduy 3 and 4 were put in commercial 
operation in December 1980 and May 1982. These later twins were enhanced V-230 model with 
improved safety systems. Kozloduy 5 and 6 were the first 1000 MW(e) VVER units built outside 
former Soviet Union, commission September 1988, and December 1993. 

Kozloduy 6 Full-Scope Replica Control Room Simulator, to be referred further as Kozloduy 6 FSS, 
is owned and operated by Kozloduy NPP, Plc. (100% state ownership). Kozloduy 6 FSS project 
contract was signed by the then parent company, National Electricity Company, Plc. (NEC), in 
November 1994. Contract award to an established VVER-1000 simulator vendor from USA 
supported by Russian and Bulgarian subcontractors followed lengthy to-go-or-not-to-go process. 
Contract was funded by NEC own allocations, so 1996 economic turmoil in Bulgaria forced the 
customer to negotiate abrupt (believed temporary) freeze, just before system unit test and software 
integration. The second project kick-off was in summer of 1998, with delivery date just before 
Christmas 1999. The customer accepted the simulator on February 25, 2000. 

First Upgrade 
The first upgrade of the Kozloduy 6 FSS was quite unusual because the planning started two years 
before delivery date. It was realized that this forthcoming simulator will be, in some areas, five 
years behind the reference unit. In the same time, an extensive modernization programme was 
starting to take form, so urgent revamping of the Simulator was felt necessary. Fortunately, United 
States Department of Energy assistance programme came along to take financial burden of this 
upgrade effort. Actual upgrade was performed gradually throughout 2000, 2001 and early 2002. 
The scope was quite extensive; 126 design changes were felt important for the Simulator (out of 
378 at this point). Extended schedule accounted for establishment of Simulators’ reason for 
existence – Main Control Room Operator Training. First class of Simulator Instructors graduated at 
Kozloduy Training Centre in 2001. 

The first Simulator upgrade process was smoothed by US DoE financing, vendor discretion, 
involvement of local subcontractors, and an early Customer decision to establish and support his 
own engineering team. The blue-print for this team was developed within original Simulator 
contract in 1994. Throughout the following years members of this team were instrumental not only 
during Kozloduy 6 FSS development but also in the success or failure of almost any maintenance or 
upgrade activity performed on or planned for the Kozloduy NPP simulators. Thus, the credo for 
such activities, not always formally endorsed but followed on with almost no exception is, as 
follows. 
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A. Always obey Simulator availability requirements and design maintenance and upgrades 
according to training schedule.  

B. Perform upgrade as soon as possible in lieu of the reference unit changes and Simulator 
operation experience. 

C. Perform upgrades on a shoestring budget or with external funding assistance. Contract 
outside things which you really cannot perform by yourself. (Small exception: procure 
off-the-shelf equipment maintenance on a subscription basis.) 

D. Do your best even if reference unit system vendor is not available to provide technical 
assistance because of funding restrictions, or lack of foresight during the ‘big’ contract 
negotiations. 

Five-year Summary 
During the last five years Kozloduy 6 is going through a complex and expensive modernization 
programme so Simulator is a subject of a series of changes twice per year. Simulator is used for 
training six months of the year during spring and autumn most of this time in two shifts daily. 
Remaining six months during winter and summer are allocated to other simulator uses including 
five months downtime for hardware reconstruction, software integration, troubleshooting and 
testing.  

Software and hardware upgrade design is performed during period of training. Software 
development and unit test (pre-integration), and sometimes integration and tuning, are performed 
during a training period on a stand-by computer without using replica control room I/O interface for 
most of the time. When an existing model is to be replaced by a new one and enough computer 
resources are available, the new model can be invoked in parallel with the existing one. This 
practice allows us to build enough confidence with the new model performance before test 
operators or simulator instructors actually seeing it. In the case of engineering design change 
validation simple software switch can invoke alternate versions of the simulation model built-in in 
the single software load. 

Five years after commissioning date the Kozloduy 6 FSS upgrades in effect are given in Tables 1, 2, 
and 3. Quantitative assessment given in the third column of Table 1 is rather arbitrary. Assessment 
was performed using the number of code units in terms of components, e.g. pump or fan motors, 
valve actuators, or hydraulic system nodes. 

Table 1. Scope of Kozloduy 6 FSS software changes in five year period before April 2005 

No. Simulated system Volume Comments 

1. Primary two-phase thermal 
hydraulics 

10% New dynamic model for primary gas evacuation 
system, Pressurizer piping, nitrogen pipelines and 
valves. Stability improvements. Some unresolved 
problems. 

2. Core 5% Improved interface with primary thermal 
hydraulics model. 

3. Nuclear instrumentation 80% Implementation of several plant design changes 
(e.g. NFMS replacement). 
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No. Simulated system Volume Comments 

4. Reactor protection and 
control rod drive systems. 
Primary control systems. 

15% Primary pressure control system model fidelity 
improvement. Implementation of several plant 
design changes.  

5. Chemistry and Volume 
Control system 

20% Fidelity improvement. Implementation of several 
plant design changes. 

6. Component cooling 10% Fidelity improvement. New interface with other 
system models. Some plant design changes. 

7. Waste disposal 10% Fidelity improvement and simulation envelope 
extension. New interface with other system 
models. Some plant design changes. 

8. Emergency Core Cooling 
System 

70% New dynamic model with improved fidelity. 
Implementation of several plant design changes. 

9. Containment 20% New interface with nuclear steam supply system 
models. Fidelity improvements. Implementation 
of several plant design changes. 

10. Heating and ventilation 
(outside containment) 

50% Fidelity improvement, simulation scope 
extension. Some plant design changes. 

11. Service water systems 10% Scope extension. Implementation of several plant 
design changes. 

12. Steam generator secondary 
side two-phase thermal 
hydraulics 

10% Improved level sensors model. Implementation of 
several plant design changes (e.g. steam generator 
SRVs). Stability improvements. Some unresolved 
problems (e.g. re-fill following complete dry-
out). 

13. Main steam lines, turbines, 
steam headers  

90% New dynamic models. Fidelity improvements. 
Implementation of several plant design changes. 

14. Turbine control system 90% Digital turbine control system replacement. 
Analog (relay) control logic improvement. 
Implementation of several plant design changes. 

15. Turbine/generator oil 
system 

20% Fidelity improvement. Implementation of several 
plant design changes. 

16. Condensate and feedwater 65% New dynamic models. Fidelity improvements. 
Implementation of several plant design changes. 

17. Condenser/generator 
cooling system 

10% Fidelity improvements. Implementation of plant 
design changes. 
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No. Simulated system Volume Comments 

18. Electrical systems 60% Extended scope dynamic models. Fidelity 
improvements. Implementation of several plant 
design changes. 

19. Radiation monitoring 20% Improved interface with dynamic system models. 
Fidelity improvement. 

20. Plant process computer 80% Fidelity improvements. Implementation of several 
plant design changes. Volume given as 
percentage of new or superseded signals. HMI 
regularly updated until 2004. Complete new 
Computer Information System installed during 
July 2005. 

21. Main control room 
annunciation 

20% Implementation of several plant design changes. 
Volume given as percentage of new or 
superseded signals. Effort to generate new signals 
is accounted in the specific system volume. 

22. Fire protection 5% Implementation of several plant design changes. 
Significant plant design changes are forthcoming. 

23. Instructor station 10% New interface between instructor station and 
simulation load. New concept for component 
level malfunction management. Simulation 
diagram and component changes are accounted in 
the volume of each system listed above. 

Replica control room hardware upgrade (see Table 2) was performed in a series of projects using 
I/O system spare capacity provided by the original contract specification. 

Table 2. Scope of Kozloduy 6 FSS replica control room hardware changes in five year period 
before April 2005 

No. Item Volume Comments 

1. Panel instruments removed -15%

2. New panel instruments and 
equipment installed 

+25%

Switches, lights, panel indicators, recorders. Five 
replica control room panels and consoles 
rearranged completely during implementation of 
plant design changes. 

3. Instructor facility 100% Complete instructor facility relocation in 2002. 
Improvements of replica control room and 
instructor facility communication systems. 

4. Audio-video recording 
system 

100% Provisions for audio-video system were included 
into original simulator contract (1994), but were 
dropped later (1998). New digital audio-video 
recording system became operational in 2002. 

  5 



One quarter of the software and three quarters of the hardware work was contracted outside. 
Software share went to the simulator vendor and his local subcontractors. Hardware upgrade 
contracts were given to the simulator vendor and his subcontractors, or to contractors, performing 
the same work on a reference unit main control room. Construction, furniture, metal work, and 
painting were contracted. Most of the software work and remaining hardware work was done with 
our own resources and expertise. From 2003 onwards we perform replica control room I/O system 
upgrades, as well as complete hardware-to-software integration by ourselves.  

During 2001 and early part of 2002 the spare capacity of the original computer complex was almost 
consumed so opportunity was sought to increase computer power using built-in upgrade capability 
of the simulation computers, as shown in Table 3. 

Table 3. Scope of Kozloduy 6 FSS computer complex changes in five year period before April 
2005 

No. Item Volume Comments 

1. Number of processor units +100%

2. Memory capacity +75%

3. Disk subsystem capacity +200%

Upgrade of the existing simulation computers 
with new CPU boards (from 4 to 8), memory 
chips (replacing 64 MB bank with 256 MB), and 
disk drives. 

Real time executive environment setup for various upgrades including the newly installed CPU was 
performed by our own system analyst.  
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Kozloduy NPP experience in replica control room simulator upgrade and modernization 
TECDOC ToC is used as a template to record our own experience in simulator upgrade. 

Item Kozloduy NPP Experience 

Establishing the need for upgrading a simulator 

Upgrade required by 
a training needs 
assessment 

Most of the upgrades initiated or performed on Kozloduy 6 FSS can be 
associated with this broad category, as mentioned in Table 1.  

The first source of information is a back feed from simulator operation 
through Discrepancy Reports. Next, review of requested plant design 
changes is performed twice per year in order to identify changes visible 
to plant operators. Last but not least, scenarios selected for the next 
cycle of plant personnel training are scrutinized in order to verify 
simulator scope and simulator operational envelope, and to identify 
problems as soon as possible (producing Discrepancy Reports). 

All this information is analyzed in order to identify inherent training 
value, and to prioritize requested simulator improvements against 
available resources and schedule considerations. This analysis is 
performed in cooperation between Simulator operator (Kozloduy 
Training Centre) and Simulator ‘most important customer’ (Kozloduy 
NPP units 5 and 6 Operations division). The report produced is 
proposed to a plant management for approval and resource allocation. 
Usual time lag between plant design change in-service date and 
simulator upgrade is less than six months but some expensive plant 
design changes require up to two years implementing on simulator. 
Implementation within 24 months is a requirement (item 5.3.1.2 of 
ANSI/ANS-3.5-1998). 

Upgrade required by 
simulator operational 
requirements 

Simulator availability and functionality are monitored in a very similar 
way as simulator fidelity and scope. Sources of information were 
simulator operation records, e.g. Discrepancy Reports, maintenance and 
repair documents. Furthermore, software is analyzed in order to identify 
data transfer bottlenecks or possible ‘frame over-clock’ (when time step 
is too short to successfully perform calculations envisaged). 

Corrective actions aimed to minimize simulator downtime receive 
highest priority.  

Computer system capacity is compared with projected load 
requirements. Computer system re-host is planned now (due date 2006), 
as well as new modeling capabilities. 

Upgrade required by 
a Regulatory 
Authority 

In a case when a new Distributed Control Systems (DCS) were 
implemented on a reference unit the Bulgarian Nuclear Regulatory 
Agency (BNRA) inspected the Kozloduy NPP plans to upgrade the 
simulator accordingly.  
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Item Kozloduy NPP Experience 

Upgrade required for 
other simulator uses 

As an example, a request by Kozloduy NPP Operations division and 
plant system vendor for engineering design change validation forced 
Simulator engineering team to change the implementation schedule and 
revise the scope of simulation for a particular plant system. This was 
achieved without interruption of ongoing training programme. 
Simulator part of engineering design change validation was performed 
during weekends. Without such a request one particular system model 
was to be developed and implemented after plant system commission.  

Plant operating procedure validation necessitated development of some 
new malfunctions, as well as some additional instructor station 
functionality. This kind of improvements can be associated with first 
two categories too. 

Establishing the requirements for the project 

Project development 
process 

Kozloduy 6 FSS is owned and operated by Kozloduy NPP, Plc. 
Simulator configuration management is an effort supported by 
Operations division and Engineering division (units 5 and 6), and 
Personnel and Training Centre division. The former two divisions act as 
an ‘involved customers’ defining simulator purpose and providing 
design data, plant operation records, plant operation expertise, as well 
as other services. Personnel and Training Centre division is actual 
service provider.  

Assessment of 
technical solutions 

Hardware. Kozloduy 6 FSS computers were upgraded as mentioned in 
Table 3. Now computers are ten year old and re-host project is 
envisaged for 2006 with significantly enhanced computer resources. 
Replica control room hardware modifications became a routine task for 
Kozloduy 6 FSS (see Table 2 above). During the last five years more-
or-less extensive hardware changes are implemented after every single 
reference unit refueling outage. Simulator replica control room upgrade 
was performed as soon as practical. Usual approach is to procure off-
the-shelf panel instruments (indicators, recorders, switches) to the same 
specification with very little simulator-specific changes. Two options 
shall be considered for any complex plant specific equipment. 
Feasibility to develop or procure functional mockup is to be considered 
as a cost-saving measure. Stimulation of the original equipment is a 
second best option because of excessive cost of ‘nuclear’ rated 
hardware. 

 Software. Kozloduy 6 FSS computer complex was built around UNIX 
workstation. Now we envisage re-host project with a similar UNIX 
(Linux) operating system as a first choice. Significantly enhanced 
computational resources are required for future simulation envelope 
expansion, reference unit design changes, step-by-step migration of the 
existing simulation software to higher cycle rate (e.g. from 4 cps to 12 
cps), more sophisticated dynamic flow and heat transfer models, 
upgrade of Nuclear Steam Supply System thermal hydraulics and core 
neutron flux model, as well as next generation Instructor Station. 
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Item Kozloduy NPP Experience 

Assessment of 
technical solutions 
(continued) 

Facility considerations. 150 kVA uninterruptible power supply (UPS) 
unit proved to be a good investment for Kozloduy 6 FSS simulator. 
Furthermore, Simulator power consumption decreased (to less than 20 
kVA UPS output) because of a substitution of a significant number of 
filament lamps with LEDs. Common office space requirements, codes 
and standards are applicable for Simulator HVAC and fire protection 
systems. Electric power consumers shall comply with all codes and 
regulations applicable. Simulator shall be designed in the same way as a 
common office equipment in order to avoid life-cycle cost increase due 
to a ‘hazardous’ equipment regulations. Real estate is always at 
premium so we were forced to adopt ‘windowless’ instructor facility 
instead of trying to squeeze instructors’ workplace into a replica control 
room. 

Identification of 
project constraints 

Schedule constraints. Simulator training schedule can be adjusted only 
slightly in order to accommodate other Simulator use or planned 
Simulator downtime. Nevertheless, it is impossible to implement 
upgrade project without reasonable margin for integration, tuning and 
testing. Small and simple upgrade project can be performed within one 
week. Usual Kozloduy Training Centre practice is to provide 10 to 12 
weeks for Simulator upgrade including 6 weeks for Kozloduy 6 FSS 
performance test. Switching between alternate software loads can be 
performed only for projects which do not include replica control room 
hardware changes. Lead time for procurement of goods and services is 
a very important constraint. Because of public ownership Kozloduy 
NPP, Plc. shall obey formal procedures for advertisement, tender, 
vendor selection and contract award. Three to six months are usual 
timeframe to drive the project from conception to a contract. Off-the-
shelf equipment and software can be delivered within one to six months 
after contract award. 

 Resource constraints. The core personnel involved during project 
definition phase for any kind of upgrade is our own staff (Engineering 
Section, Personnel and Training Centre Division, Kozloduy NPP, Plc.). 
Instructor or test-operator from Simulator Section is summoned for the 
project as soon as practical. Plant operations and engineering staff are 
available for consultations. This entire workforce can provide total of 
about 65 to 70 man-months per year for various upgrade projects on 
VVER-1000 and VVER-440 simulators so manpower is not much of a 
constraint. 
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Item Kozloduy NPP Experience 

Identification of 
project constraints 
(continued) 

Available experience and knowledge is a constraint, intellectual 
property rights for Kozloduy 6 FSS software is usually not. Engineering 
section can implement all the software development tools, as well as 
make use of all the available resources of the Simulator I/O system and 
power distribution system. We can not re-host the simulator by 
ourselves because the new computer shall be significantly different. 
Significant in-house upgrade for primary thermal hydraulics and core 
neutron flux model is impractical because this part of the Simulator 
software is not developed as an engineering tool but contains large 
sections of purpose-built code. Furthermore, this code is not 
exceptionally well documented. Plant digital control systems’ 
implementation is a major task. There is a complex Human Machine 
Interface (HMI) and very stringent requirements are imposed for 
system behavior and replica control room environment. Collaboration 
with a plant system vendor is crucial for the project success. In an 
occasion when particular digital control system HMI do not appear on 
plant control room and system vendor is willing to support our effort 
very effective system emulation was developed with a scope and 
fidelity good enough not only for training but for engineering design 
change validation. Another digital control system project was 
implemented with porting of a plant HMI software on a personal 
computer with in-house emulation of control algorithms. However, for 
the latest digital control system projects we were forced to accept 
almost complete and very expensive stimulation of the system (see 
below).  

Availability of the Simulator is a function of customer schedule as 
explained above. Routine maintenance workload is as low as two-and-
a-half man-hours per week and time can be allocated easily alongside 
other activities.  

Availability of funds is a very big issue for projects like digital control 
and protection systems, plant process computer replacement, re-host, 
instructor station replacement, two-phase thermal hydraulics and core 
model upgrades. Project applications are developed by Engineering 
Section and periodically updated according to our best knowledge. List 
of pending projects is periodically reshuffled according to customer 
requirements (training needs) and opportunities for funding. 

 Requirement constraints. Functional requirements for full-scope 
nuclear power plant control room simulators used for operator training 
are defined by Bulgarian Nuclear Regulatory Agency with a reference 
to ANSI/ANS-3.5 and IAEA-TECDOC-685. Relevant plant design 
change implementation on Kozloduy 6 FSS within 24 months after 
plant in-service date is a requirement (item 5.3.1.2 of ANSI/ANS-3.5-
1998).  

With a very few exceptions al the Simulator components and equipment 
shall comply with common office environment codes and standards in 
terms of harmful emissions and safety precautions. 
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Item Kozloduy NPP Experience 

Project constitution 

Technical solution 
validation 

Usual starting point for technical solution validation is an in-house 
developed concept. This concept is promoted and discussed between 
simulator engineering staff, simulator users and other plant experts. 
This concept is a basis for development of technical requirements, 
request for proposals and/or invitation for tender. Work-share between 
in-house solution and vendor support shall be defined before 
inauguration of legal procedures. Exceptions are possible for upgrade 
projects managed by IAEA or other donor organization, or for 
amendment of a recent contract for plant design change to include the 
work on Simulator. 

For our replica control room simulator we implement standard criteria 
for physical fidelity, human factors, scope of simulation, and simulator 
operational limits imposed by section 4.2 of ANSI/ANS-3.5-1998. 
Fidelity criteria may be more demanding in case of normal evolutions 
with well-documented plant system behavior. High-fidelity simulation 
of process parameters (pressure, temperature, flow, liquid level, and 
neutron flux) is required to achieve correct sequence of alarms and 
automatic actions (interlocks) for systems with high degree of 
automation. As a result such system models are reserved for in-house 
development by plant test-operators and our own instructors and 
engineers.  

A persistent problem for simulator operation is deficiency in best-
estimate engineering data for dynamic plant behavior during deviation 
from normal plant operation or accident transients. This problem shall 
be adequately addressed in simulator design baseline for any proposed 
solution. 

Writing a project 
specification 

Well defined project specification shall say everything about future 
simulator upgrade project or may be about any project. Significant 
amount of resources shall be involved into the project long time before 
official start date (about 5 to 10% of the final product price). Up to one 
third of this amount shall be devoted to development of technical, 
commercial, and legal aspects of the project specification. Both 
simulator and plant operation staff shall be involved in specification 
development. 

Procurement of 
deliverables and 
services 

Kozloduy NPP, Plc. sole owner is Republic of Bulgaria so very strict 
regulations for procurement of deliverables and services are enforced 
by law. Open tenders are required for all contracts exceeding quite 
small minimum value. 
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Item Kozloduy NPP Experience 

Establishing a 
project organization 
and assigning 
responsibilities 

For any kind of simulator upgrade project simulator operator shall 
establish in-house project organization. Skeleton in-house project 
organization may consist of customer (end user) project manager 
supported by engineering supervisor and test supervisor. It is not 
feasible to put engineering and acceptance test control functions on a 
single desk. Most Kozloduy NPP simulator upgrade projects involve in-
house engineering team and test-operator team. Project manager may be 
a high-rank company official managing several projects or whole 
training centre operation. Both engineering and test supervisors can be 
drawn from simulator operation staff. Both of them shall have authority 
to control respective in-house resources.  

Methods for effective project management 

Developing and 
implementing a 
project schedule 

Work breakdown structure for an upgrade project is quite standard. 

The first task is to establish a project team, assign responsibilities and 
develop communication links.  

The second task is data collection. Design documents used during the 
concept stage are revisited, updated and frozen. Gaps identified are 
filled-up through formal data request, best estimate analysis or 
assumption. Plant design data and operational records are collected in-
house through well established channels. Data collection task for a 
complex project is a responsibility of the main contractor.  

The third task is to define the scope of simulation in details and to 
transform the initial concept into a Preliminary Design Specification 
(PDS). Computer and I/O system resources shall be allocated. In-house 
or contractor developed PDS shall be reviewed and approved. 

The tasks that follow are software development, hardware production, 
procurement of of-the-shelf components and services, simulator staff 
training, System Unit Test (SUT) development and performance, and 
Acceptance Test Procedure development. Approval of SUT report by 
customer or end user is an important milestone from which the project 
is going to proceed in a different way. Up to this moment project 
activities can be performed without Simulator downtime and the project 
schedule can be adapted to make best use of available resources and to 
avoid cost overruns. From this point on a replica control room simulator 
use is almost impossible until successful final acceptance test 
performance so time is critical. Exceptions are possible only for 
projects which do not change simulator I/O system.  
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Item Kozloduy NPP Experience 

Project control 
considerations 

Pending project proposals go up for review and approval through 
Manager, Personnel and Training Centre Division to a Deputy 
Executive Manager and Kozloduy NPP, Plc. Management Council. 
Approved project proposals are accounted in a company budget. Each 
individual contract for procurement of goods and services within yearly 
budget frame goes through a similar process of review and approval. A 
Simulator upgrade project in effect can have defined scope of work 
performed by our own personnel and scope of work performed by 
contractors. Time and budget control is performed according to 
Kozloduy NPP, Plc. standards and specific contract provisions. Regular 
project team is established for the work performed by Kozloduy NPP 
personnel. For more complex projects common project team can be 
established including our own personnel and contractors’ personnel. 
Formal periodic project status reports are necessary for projects with 
duration more than three months when essential work is performed 
without direct involvement of the Kozloduy NPP personnel.  

 Usual list of project milestones is as follows (not always in the same 
order). 

• Project start date;  

• Project team kick-off meeting; 

• Design data base report review and approval (data freeze); 

• Preliminary design specification review and approval; 

• Local facility access granted; 

• Equipment procurement (by Kozloduy NPP or by Contractor, 
several variations are possible); 

• Software and hardware pre-integration test (SUT) report review 
and approval (prerequisite for integration); 

• Acceptance test procedure (ATP) set review and approval; 

• Software and hardware integration complete; 

• Engineering (factory, contractor) test report review and approval 
(prerequisite for final acceptance testing); 

• Final acceptance test report review and approval (formal take-
over); 

• Warranty expiration. 
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Item Kozloduy NPP Experience 

Simulator acceptance 
tests 

System Unit Test (SUT) shall be performed and recorded for any new 
or upgraded Simulator system. SUT design is usually performed by an 
upgrade vendor. If the upgrade is our own effort SUT is designed by 
Kozloduy Training Centre Engineering Section. SUT is to be performed 
in non-integrated environment without constraints to other Simulator 
use. SUT report shall be approved as a prerequisite for integration. SUT 
report approval can be a milestone after which Simulator is unavailable 
for training and other use. 

A set of Acceptance Test Procedures (ATP) is developed and 
maintained in order to support Simulator testing as defined per Item 4.4 
of ANSI/ANS-3.5-1998. This ATP set shall be reviewed and updated in 
accordance with the Simulator design data base changes (see Simulator 
configuration management below). Development and approval of the 
ATPs shall be defined as specific project milestone. Usual practice for 
small projects is to produce new or updated ATPs in-house. However, 
in some specific circumstances responsibility for ATP development is 
given to a simulator upgrade vendor. In any case ATP shall be 
approved by Kozloduy NPP Operations division (units 5 and 6) and 
endorsed by plant management. Tests are performed by a team of 
qualified plant operators or Simulator instructors (most of the Kozloduy 
6 FSS instructors are licensed unit shift supervisors). 

Test findings, as well as any other kind of deficiencies are recorded and 
managed as Discrepancy Reports. 

Simulator 
configuration 
management 

Simulator configuration management is performed according to Section 
5 of ANSI/ANS-3.5-1998. Simulator configuration management is 
carried out by Engineering Section and by Simulator Operation Section 
of the Personnel and Training Centre Division. Design data base 
documents are retrieved from various sources, evaluated and archived.  

Condensed data specifically prepared for the design of the simulator 
recommended in item 3.3.2 of IAEA-TECDOC-685 are produced and 
used as a last resort. Reference plant design drawings are processed and 
archived as they originally exist in plant files, in form and language. 
Engineers and operators involved in simulator upgrade process must 
feel authentic plant documents. Back feed from simulator engineering 
process produces a long term benefit in terms of improvement of some 
plant design drawings and operation manuals. 

Configuration Management System (CMS) software is used to develop 
Preliminary Design Specification (PDS) for the upgraded system. PDS 
is used to define the scope and simulation envelope for the upgraded 
system. Once approved, PDS is transformed into Interim Design 
Specification (IDS) in order to reflect detailed design phase of the 
project. Following successful ATP performance IDS is transformed into 
baseline as-built Final Design Specification (FDS).  

New CMS tool development is going on (target date December 2005). 
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Item Kozloduy NPP Experience 

Post-project 
maintainability 

Knowledge transfer from vendor is a mandatory requirement. 
Simulation software source code, code generator setup parameters and 
data entry sheets are considered to be documentation (see item A3(2), 
Appendix A, ANSI/ANS-3.5-1998) for the purpose of Kozloduy 6 FSS 
configuration management. Knowledge transfer is secured by an on-job 
participation of Kozloduy NPP personnel during crucial project phases.  

Usual warranty period is one year for simulator-specific developments 
and much more for of-the-shelf equipment. Extended warranty period 
for simulation software is impractical because of a high rate of plant 
design changes. Our approach is quite different from the 
recommendation given in item 3.2.10 of IAEA-TECDOC-685 (two 
years for hardware and three years for software). Service contracts on a 
subscription basis are used for some of-the-shelf equipment.  

Components of the I/O system were sent to vendor for repair (three 
items within five years) and spare components were used on their place. 
All these components were included in the list of spare parts proposed 
by a vendor within arrangements of the original Kozloduy 6 FSS 
contract. 

 Unreliable items were some filament lamps and 8-segment LED 
displays. Filament lamp for legendable indicators with slightly different 
specification reduced failure rate to a tolerable level. 8-segment LED 
display problem for some ‘mock-up’ data display modules is 
(hopefully) solved by improved circuitry. Very troublesome paper-sheet 
recorders were almost identical to a reference unit instruments. These 
devices were superseded by up-to-date electronic data recorders 
immediately after replacement of Kozloduy 6 ones. Horns and ringing 
alarm bells maintainability became a problem recently. These old-
fashion devices are identical to the plant ones but used much more on 
the Simulator. During several months our procurement department is 
unable to identify a seller for such equipment. Luckily for us up to now 
hardware upgrades implemented during various projects come off to 
keep maintenance workload low.  

 During five years of operation worst-case Simulator failures were 
caused by faults of I/O system circuit boards, connectors and cables. In 
one occasion Simulator downtime lasted 36 hours because built-in fault 
monitoring and our diagnostic tools were inadequate to localize the 
troublesome chip and to make things worse the problem was not 
exactly repeatable.  
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Item Kozloduy NPP Experience 

Post-project 
maintainability 
(continued) 

Extensive simulation software changes listed in Table 1 caused a 
reasonable number of Simulator failures during training sessions. This 
is an indication for problems in model development, SUT and FAT 
design. Simulator Operability Testing (as defined in item 4.4.3.1 and 
Appendix B of ANSI/ANS-3.5-1998) is not enough to identify potential 
problems at the edges of simulation envelope. Scenario-Based Testing, 
(as defined in item 4.4.3.2 of ANSI/ANS-3.5-1998) can fail to identify 
a problem if evolutions are performed without significant deviation 
from an approved scenario sequence.  

What somebody can do to prevent Simulator failure surfacing after 
three hours of simulation time with multiple erroneous operator 
actions? Meaningful approach is to design models with wide 
operational envelope and to perform scenario-based testing with a very 
dedicated and resourceful team. This team shall perform as a complete 
main control room crew plus simulator instructor. Simulation engineer 
shall be available at short notice.  

Reproducible software failures do not cost much Simulator downtime. 
Such failures can be localized. Simple problem avoidance or mitigation 
measures can be enforced until root-cause being analyzed and cured. 
Simulation limit warning can be implemented if nothing else works and 
scenario revised to avoid negative training. 

Practical Considerations for Selected Upgrade Projects 

Model upgrades Core model upgrades. We do not have experience with a core model 
upgrade. Kozloduy 6 FSS core model upgrade is a low priority future 
project concept awaiting further developments. Our core model upgrade 
concept can be summarized as follows. 

• New real-time core model shall provide flexibility and easy 
implementation of Kozloduy NPP reactor physics department data 
to follow reference unit refueling pattern. Implementation of INPO 
SOER 96-02, recommendation 6 may be enforced as a requirement. 
Core model shall handle uneven spatial distribution of moderator 
temperature, density, and boron concentration. Simulation fidelity 
shall be improved for Anticipated Transient Without SCRAM 
(ATWS) scenario or rapid asymmetric cool-down scenario. Real-
time interface data for various in-core and ex-core neutron flux 
detectors shall be provided. 

• Both core and NSSS model shall be naturally knit together to 
exchange real-time simulation data concerning thermal flux, fuel 
element wall and pellet temperature, moderator composition, 
temperature and density, boron concentration, and radioactivity 
release.  
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Item Kozloduy NPP Experience 

Model upgrades 
(continued) 

• Complete set of core and NSSS model development tools shall be 
included. Comprehensive hands-on training shall be provided for 
Kozloduy NPP staff as a prerequisite for a successful operation of 
the Simulator. 

• Newly developed core and NSSS models shall be made fully 
compatible with the Kozloduy 6 FSS simulation environment, 
simulator design data base and configuration management system 
including. 

• Enhanced simulation envelope and improved simulation fidelity 
shall be demonstrated against design specification requirements 
(meeting at least ANSI/ANS-3.5-1998 criteria) throughout 
extensive vendor and customer acceptance test programme.  

• New training scenario shall be developed due to an enhanced 
simulation envelope, as well as for future plant EOPs. Existing 
training scenario shall be revised due to improved simulation 
fidelity. 

 Best-estimate model implementation. We do not have experience 
with a truly significant NSSS model upgrade (see Table 1). Some 
discrepancy reports justify implementation of more detailed simulation 
of void distribution during LOCA transients (core uncover and re-flood; 
cold leg U-section seal and seal-clearing effects in particular). An 
NSSS model upgrade is a future project concept awaiting funds. We do 
not believe much in best-estimate engineering quality model for real-
time simulations. What we would like to have in future is a well-proven 
real-time simulation tool for non-equilibrium multi-component two-
phase thermal hydraulics. Three-dimensional coarse-mesh flow and 
heat transfer simulation tools will be feasible for real-time power plant 
simulators before 2010. Our current NSSS model upgrade concept can 
be summarized as follows. 

New real-time NSSS model shall provide for improved simulation of 
downcomer-lower plenum-core mixing pattern in case of non-uniform 
loop conditions. Simulation of natural circulation transients should be 
improved also to simulate properly establishment (or loss) of natural 
circulation during variations in primary-to-secondary heat transfer rate, 
reactor vessel steam bubble formation, and safety injection system flow 
rate variations.  

Significant improvement shall be introduced for steam generator 
secondary side model to simulate properly rapid cool-down transients 
(e.g. main steam line break, or feed water pipe rupture). Steam 
generator secondary side model envelope shall include filling-up to a 
water-solid condition after complete dry-out.  

See comments for core model upgrade above. 
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Item Kozloduy NPP Experience 

Model upgrades 
(continued) 

Implementation of severe accident codes. Kozloduy 6 FSS limits of 
simulation relevant to a severe accident scenario can be defined as 
follows. 

• No significant fuel melting; 

• Maximum fuel element clad temperature below 1200oC; 

• Maximum local clad oxidation below 18%; 

• Zr oxidation in the core below 1%; 

• Insignificant fuel assembly coolant flow blockage. 

Such a simulation envelope is good enough for all design basis accident 
scenario, as well as for simulation of many beyond design basis 
accidents, e.g. “… being used for training of the accident progression 
and the procedures that aim at preventive accident management 
actions.” (as per section 4.3.1 of IAEA-TECDOC-1352). The sole 
customers consistently demanding extension of simulation envelope 
deep into a severe accident scenario are our colleagues from the 
Kozloduy NPP Engineering Division working towards implementation 
of Symptom-Based Emergency Operation Procedures. Severe accident 
extension of Kozloduy 6 FSS simulation envelope is inevitable but long 
term project. 

 General modeling software upgrades. During the last five years (see 
Table 1) we put a lot of effort to improve simulation fidelity using 
software development tools already available (incompressible flow and 
heat transfer and electrical systems dynamic simulation). Unique 
software was developed to include physical phenomena beyond abilities 
of our current simulation tools. Alongside our re-host project during 
2006 we will port new versions of the existing software development 
tools, as well as new two-phase multi-component non-thermal 
equilibrium flow and heat transfer simulation tool. 

Simulator I/O system 
replacement 

We do not expect Simulator I/O system replacement in near future. I/O 
system spare capacity decreased little because additions in one 
department were compensated by the removal elsewhere else. 

Computer system re-
host 

The heart of the Simulator are two SGI Challenge L Deskside Server 
with eight 150MHz CPU MIPS R4400 (rev: 5.00) FPU MIPS R4010, 
and 512 MB Memory, leader and stand-by. Both SGI Challenge L 
servers are procured in 1995 and demonstrated very good reliability 
during their service life. Each computer was upgraded in 2002 (as 
mentioned in Table 3) with 4 more processor units, memory (from 320 
to 512 MB), and additional disk subsystem capacity. The following text 
is an exempt from Kozloduy 6 Full-Scale Replica Control Room 
Simulator (FSS) re-host concept. There are indications that significant 
part of this concept will be implemented in the final re-host 
specification. 

Kozloduy 6 FSS re-host shall provide up-to-date computer complex 
capable to support simulator operation for at least five years.  
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Item Kozloduy NPP Experience 

Computer system re-
host (continued) 

Significantly enhanced computational resources are required in order to 
provide headroom for future scope expansion, reference unit design 
changes, step-by-step migration of the existing simulation software to 
higher cycle rate (e.g. from 4 cps to 12 cps), more sophisticated 
dynamic flow and heat transfer models, upgrade of Nuclear Steam 
Supply System thermal hydraulics and core model, as well as next 
generation Instructor Station. 

 Kozloduy 6 FSS computer complex shall be equipped with two fully-
interchangeable computers (workstation or server). Switchover from 
current simulation computer to the stand-by computer (already running 
and network connected) shall be performed within less than five 
minutes. 

Kozloduy 6 FSS re-host computer shall be current production (date of 
procurement), brand name off-the-shelf equipment, European spec 
(220V AC, 50Hz). 

 At least dual-processor workstation (or server) is a requirement. 
Computer architecture selected shall be expandable to twice as many 
Central Processing Units (4 for dual-processor, or 8 for 4 processor 
computers) with proportional increase of memory capacity, using the 
same case, power supply unit, main board, and system software. 

64-bit Processor architecture with integrated Floating Point Unit, 
Primary and Secondary Cache on chip is a requirement. Secondary 
Cache shall be at least 256KB on chip (instructions + data) per CPU. 
Large L3 Cache is required if Secondary Cache is below 1024KB per 
CPU. 

At least 4GB DDR (or DDR2) SDRAM is a requirement. 

SCSI disk subsystem with two at least 10K rpm devices shall be 
provided; at least 36GB system disk, and at least 72GB data disk. 
Expandability with additional SCSI disk of similar or higher 
specification shall be provided. 

DVD+/-/RW is a requirement.  

DAT Tape Drive (or different backup storage device) with a capacity to 
record a whole data SCSI disk on a single media is a requirement. 

New computer system shall be equipped with adequate simulator I/O 
system interface (substitute for VMIVME-5620 HSD board on the 
current SGI Challenge L servers).  

Scramnet Network Interface Board (interface between Simulation 
Computer and Ovation CIS) shall be provided on both computers.  

10/100/1000 Mbit per second LAN (Ethernet) is a requirement.  

Linux Operating System (64-bit optimized) and File System shall be 
provided. C/C++ Compiler and Fortran Compiler (64-bit optimized) 
shall be provided. 
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Item Kozloduy NPP Experience 

Computer system re-
host (continued) 

Complete set of up-to-date Kozloduy 6 FSS Acceptance Test 
Procedures shall be performed in order to demonstrate Simulator 
compliance to Bulgarian Nuclear Regulatory Agency (BNRA) 
requirements. Simulator Functional Test can be performed within six 
weeks, two shifts daily schedule. 

Kozloduy 6 FSS re-host shall be completed in the summer of 2006.  

Simulator shall be out of commission for no more than twelve weeks, 
final acceptance test complete. So, integration and tuning shall be 
performed within six weeks, another six weeks provision for testing. 

Digital control and 
protection system 
implementation 

Implementation of two digital control systems on Simulator was 
already mentioned. Implementation of new plant digital control and 
protection systems on simulator is inevitable. Several project concepts 
are pending. Comments on two such projects are given below. 

Modernization programme for Kozloduy NPP unit 5 and 6 provides for 
replacement of "Khindukush" in-core instrumentation system and 
"Khortitsa" computer complex with a new system. Installation of the 
new in-core instrumentation system was performed during 2003 outage 
of Kozloduy 6 (October, 2003) and for 2004 outage of Kozloduy 5 
(October, 2004). The simulation model shall provide a detailed 
simulation of the control, monitoring, and built-in diagnostic functions 
of the low-level "Khindukush-M" subsystem. The SVRK-M model 
shall provide comprehensive emulation of the control, monitoring, and 
diagnostics functions of the high-level computer complex. The SVRK-
M model shall provide identical main control room workstations HMI. 
Original equipment vendor was approached. Work started in order to 
develop feasible design solution against above requirements. 

Another example is a new version of the digital turbine control system. 
Previous upgrade was already mentioned. New version of the plant 
system was integrated with an Ovation® Computer Information System 
(CIS) during the 2004 Kozloduy 6 refueling outage. CIS 
implementation on Simulator is going now as described below. Later 
this year we will start development of a design concept for the new 
turbine control system with lessons learned during the CIS project. 

DCS design 
verification and 
validation 

Very detailed emulation of one particular digital control system was 
performed in order to validate design concept. This system shall 
provide comprehensive protection against pressurized thermal shock. 
Two versions are already developed and tested. Implementation of the 
third revision with quite significant changes is now in progress. 

Plant process 
computer system 
replacement 

On site integration of the new Computer Information System (CIS) with 
Kozloduy 6 FSS is going apace. In our own concept we opted for an 
emulation of the system controllers but the outcome is quite different, 
as follows. 
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Item Kozloduy NPP Experience 

Plant process 
computer system 
replacement 
(continued) 

 
Property of Westinghouse Electric Co. 

 The replica control room system is now equipped with one Simulator 
Station combined with an Operator’s Workstation, one Simulator 
Station client combined with an Operator’s Workstation, one Database, 
Software and Engineer’s workstation, and one combined Historian, 
Report, and Computational workstation as the Kozloduy 6 Computer 
Information System (CIS) infrastructure. The Historian, Report and 
Computational server is supplied to align with the base plant 
architecture to support point origination and calculation needs. A 
number of Operator workstations are also supplied to match the main 
control room of Kozloduy 6. The system includes full stimulation of the 
Ovation® controllers as supplied for the main plant. The number of 
stimulated controllers supplied aligns with the number of non-safety 
system controllers supplied in the base plant architecture in a non-
redundant configuration. 

Five Operator Workstations are stimulated via Simulator Station that 
serves as the interface between the plant model computer and the 
Ovation® hardware. The workstations respond to the simulation 
commands of FREEZE and RUN and may be configured to reset 
windows displaying historical data following the load of an initial 
condition. 

A combined historian, report and computational server workstation was 
provided to capture system historical data. The historian provides mass 
storage and retrieval of control system process data and alarm data. The 
report and computational server features are provided with duplicate 
functionality as that in the plant system. 

The simulator historian does not store long term data. It may be 
configured on an hourly basis to store data that will be saved following 
an initial condition save. 
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Item Kozloduy NPP Experience 

Instructor station 
replacement 

New JAVA instructor station is envisaged for 2006 in parallel with 
computer system re-host (see above). Existing NCD X-Terminals will 
be replaced by a single PC Linux based Instructor Station computer 
with two 19” displays. 

Modification of 
control panels 

Replica control room hardware modifications became a routine task for 
Kozloduy 6 FSS (see Table 2 above). More-or-less extensive hardware 
changes are implemented after every single reference unit refueling 
outage. Simulator replica control room upgrade was performed as soon 
as practical. Usual approach is to procure off-the-shelf panel 
instruments (indicators, recorders, switches) to the same specification 
with very little simulator-specific changes. 

Replica control room hardware upgrade was performed using I/O 
system spare capacity provided by the original contract specification. 
Three quarters of the hardware work was contracted outside. Hardware 
upgrade contracts were given to the simulator vendor and his 
subcontractors, or to contractors, performing the same work on a 
reference unit main control room. Construction, furniture, metal work, 
and painting were contracted. 

Supplemental 
simulation systems 

 

Upgrading 
capabilities in audio-
video recording 

 

 


