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ABSTRACT 
 
Management and plant personnel common goal is safe, reliable, effective, acceptable to public and 
conservative/cautious operation of NPP Krško. A set of plant programs, including Corrective Action Program, 
Performance Indicators, Operating Experience, Self Assessment and System Health Report, is developed to assist 
NPP Krško management in fulfilling these goals. 
System Health Report is a tool that management can use to quickly assess how selected systems are performing, to 
determine where additional management attention is required and to determine if appropriate corrective actions have 
been established.  
Summarized System Health Report is developed for management's quick overview of systems status, important 
system malfunctions and problems as well as major changes from previous assessment period. Summarized report 
represents the integration and coordination of a broad range of plant activities/processes into one report. Its purpose 
is to summarize important plant equipment status, give inputs to a long-term maintenance, replacement and 
modification plan, and make continuing adjustments to preventive maintenance activities and frequencies based on 
equipment operating experience. Summarized Report contains nine sections: status difference including brief 
explanation, selected performance indicators, new equipment problems, functional failures, important problem 
analyses, action plan for systems with "Potential Danger" (RED) status, maintenance rule status overview and 
systems unavailability (planned and unplanned). 
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INTRODUCTION/DEFINITIONS 
 
System engineers are responsible for ensuring that their systems perform reliably to meet plant 
production and safety goals. The goal of having an effective system/equipment performance monitoring 
program can be accomplished only when system engineering resources are focused on information that 
directly supports the determination and improvement of overall system performance. 
 
System Health Reports (SHR) provide a short overview of system status and improvement action plans 
based on inputs from system/equipment performance monitoring, operating experience, maintenance, 
operation and plant programs such as Motor Operated Valve (MOV), Air Operated Valve (AOV), check 
valve, in-service inspection program, etc. 
 
Summarized System Health Reports (SSHR) represents the integration and coordination of a broad 
range of plant activities/processes into one report. Its purpose is to summarize important plant equipment 
status, give inputs to a long-term maintenance, replacement and modification plan, and make continuing 
adjustments to preventive maintenance activities and frequencies based on equipment operating 
experience. 
 
Equipment Reliability Process intent is to identify, organize, integrate and coordinate equipment 
reliability activities (preventive and predictive maintenance, maintenance rule, equipment performance 
monitoring,…) into a single efficient and effective process. 
 
Equipment performance monitoring is used to detect problems and degrading performance. 
Performance monitoring activities include collection and analysis of performance data and predictive 
monitoring information, analysis of performance history and trends, and aggregate reviews and analyses 
of performance data to determine equipment operability and availability. 
System engineers monitor and evaluate equipment and system performance by examining and trending 
the results of condition-monitoring activities, reviewing equipment failure history, analyzing and 
balancing availability/reliability and performing system walk-downs. 
Important steps to develop efficient system monitoring are: 

 Identify degradation mechanisms. 
 Identify degradation indicators. 
 Establish efficient data collection and reduction methods. 
 Define trending parameters and frequencies. 
 Define acceptance bands. 
 Define required action levels. 

 
Maintenance Rule (MR) Program defines and monitors important SSCs for plant safe and reliable 
operation, to provide reasonable assurance that the SSCs will be capable of performing their design 
functions. It represents a separate input into System Health Reports. 
10 CFR 50.65, “Maintenance rule” consists of 6 major paragraphs. Each paragraph has a distinct 
meaning and application. Requirements of MR paragraph (a)(1) and (a)(2) are incorporated in the 
system health reporting process. 
10 CFR 50.65 (a)(1) requires the licensee to monitor the performance or condition of Structures, 
Systems or Components (SSCs) against established goals sufficient to provide reasonable assurance 
that the SSCs are capable of performing their intended function(s). The goals are established 
commensurate with safety and take into account industry experience. When goals are not met 
corrective action shall be taken.  
Paragraph (a)(1) comes in when either repetitive maintenance preventable functional failure (MPFF) 
occurs or the SSC has exceeded its established performance/acceptance criteria and requires that the 
goals and corrective actions have been established and successfully implemented. The station staff 
actively pursues identification of repeat problems and makes elimination of unacceptable repeat 
failures a station priority. 



5th International Conference on Nuclear Option in Countries with Small and Medium Electricity Grids 
Dubrovnik, Croatia, May 16-20, 2004. 

 

Page 3 

  
10 CFR 50.65 (a)(2) states that monitoring as specified in paragraph (a)(1) is not required when it has 
been demonstrated that performance or condition of the SSC is effectively controlled through preventive 
maintenance. The preventive maintenance has demonstrated the SSC is capable of fulfilling its design 
function. 
Paragraph (a)(2) monitors performance against established performance/acceptance criteria 
 
Maintenance Preventable Functional Failure (MPFF) - An MPFF is the failure of an SSC within 
the scope of the MR to perform its intended function (i.e., the function performed by the SSC that 
required its inclusion within the scope of the rule), where the cause of the failure of the SSC is 
attributable to a maintenance-related activity. It is failure that would have been avoided by 
maintenance activity that hasn’t been otherwise evaluated as an acceptable result (i.e., allowed to run 
to failure due to an acceptable risk).  
 
Repetitive Maintenance Preventable Functional Failure (RMPFF) - is the subsequent loss of 
function (as defined above) that is attributable to the same maintenance related cause that has 
previously occurred (e.g., an MOV fails to close because a spring pack was installed improperly. The 
next time this MOV fails to close because the spring pack is installed improperly: the MPFF is 
repetitive and the previous corrective action did not preclude recurrence). A second or subsequent loss 
of function that results from a different maintenance related cause is not considered a repetitive MPFF 
(e.g., an MOV initially fails to close because a spring pack was installed improperly. The next time it 
fails to close, its failure to close is because a set screw was improperly installed: the MPFF is not 
repetitive). 
 
Expert Panel is a group of individuals with diverse background (PRA/PSA, operations, maintenance and 
engineering) in nuclear power production that have at least 5 year experience at NPP Krško. Expert Panel 
manages the programmatic aspects of SHR to ensure consistent between groups, disciplines and 
departments. Expert Panel evaluates and validates System Health Reports and have different 
responsibilities related to Maintenance Rule Program including monitoring and approval of the MR (a)(1) 
recovery action plans. 
System Health Report Action plan validated by Expert Panel is the input to the Management, Preventive 
Maintenance Optimization Program and Long Range Plan.  
See Figure 1 - System monitoring model. 
 
Computerized Corrective Action Program: NPP Krško has developed software that enables electronic 
reporting of all kind of deviations and suggestions for improvement at the plant. All employees and 
permanent subcontractors have access to the system and can report deviations. NPP uses centralized 
decision process for the distribution of reported deviation. At this point all direct actions are electronically 
tracked. 
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SYSTEM HEALTH REPORTS AND SUMMARIZED SYSTEM HEALTH REPORT 
 
The System Health Reports provide a short overview of defined plant systems important for plant safety 
and reliability. Station efforts are primarily focused on preventing problems with those systems. 
 
Collection and analysis of performance data and predictive maintenance monitoring information, analysis 
of performance history and trends, analysis of surveillance testing, in-service inspections, 
erosion/corrosion inspections, and operating experience information in conjunction with Corrective 
Action Program represents consistent and thorough inputs for comprehensive equipment reliability 
analysis and System Health Reports (See Figure 1 - System health reporting model). During the year 2003 
Krško NPP has developed software that enables electronic reporting of all kind of deviations and 
suggestions for improvements at the plant. The benefits of this new tool were immediately recognized: 

 reporting threshold has been lowered, 
 number of reporting people has increased, process control (one common electronic form), 
 work control and archiving are computerized and centralized, 
 decision process is optimized and centralized.  

 
System Health Reports should be recognized as cross-discipline reports in which an active role of all 
participants in the System Health Reporting Process is important. System engineers represent managers of 
the reports. 
 
Parameters/indicators that are used to properly define the health of the systems and criteria for systems 
transfer from one condition (color) to another are established on the basis of: 

 Maintenance Rule parameters/indicators 
• Maintenance Rule Status (a)(1) / (a)(2), 
• Availability/unavailability 
• Reliability (failures per period) 

 
 System Health parameters/indicators 
• System/components condition of several parameters/indicators expressed through number 

values such as:  
temporary modifications, EEAR/modifications, corrective work orders, corrective 
actions, component conditions, operating experience, yellow cards, work arounds, 
special instructions on system operation, recommendations resulting from current plant 
programs, walk-downs, non-conformance reports (NCR) and significant issues. 

 
System status is rated through four color codes: 

• Green Satisfactory 
• Yellow Acceptable 
• Orange Improvement Needed 
• Red Potential Danger 
 

System color codes are derived from Maintenance Rule status including availability/unavailability and 
reliability, system/components condition of several parameters/indicators expressed through number 
values (100 minus XX points) and criteria established for system condition transfer (e.g. from MR (a)(1) 
to (a)(2)). 
System health reports color code blocks are supplemented with arrows that indicate system health trend 
within the same system color codes. 
 
System Health Report forms are presented in Figure 2 (Example of System Health Report Form)  
 
 



5th International Conference on Nuclear Option in Countries with Small and Medium Electricity Grids 
Dubrovnik, Croatia, May 16-20, 2004. 

 

Page 5 

The purpose of the Summarized System Health Report is to provide a tool for the plant management to 
quickly get concise overview of the plant critical systems condition and performance, determine where 
additional management attention is required to ensure where resources (people/money/time) should be 
allocated, and verify that appropriate action plans are established. 
The reports are also used as a means of communication between responsible system engineers and plant 
management, to warn against possible problems in advance and to avoid them by appropriate actions 
taken thus continuously increasing system safety, reliability and availability, and the plant as a whole. 
The reports support achievement of some success factors for excellent equipment reliability established 
by Krško NPP such as:  

 Focus on critical systems (safety, reliability, availability), 
 Performance monitoring (to preclude unanticipated failures), 
 Intolerance to unanticipated equipment failures, 
 Resolution of long standing equipment problems, 
 Resolution of repetitive equipment problems, 
 Intolerance to unanticipated equipment failures, 
 Identifying obsolescence and aging issues (used plant and industry operating experience), 
 Emphasis on predictive and preventive maintenance, 

 
The Summarized System Health Report consists of nine sections:  
 
Section 1. “Report status change form” with brief and concise explanation of changes in the systems 

health and Maintenance Rule status. This section also includes a table with system health 
color status and a graph with the number of systems in the same color code for the last 10 
assessing periods (30 months). 

 
Section 2. “Selected performance indicators” for the assessing period: corrective work orders 

prioritization pie chart, corrective, preventive and other activities pie chart, the graph 
expressed in percentage of corrective work orders against the total number of work orders, 
the graphs expressing the number of open EEARs and modifications per each systems. 

 
Section 3. “New component problems that have occurred in the assessing period” with brief 

explanation of the problem. 
 
Section 4. “Functional failures” (FF) that have occurred in the assessing period including failure 

mechanism, conditions and cause of the failure, immediate corrective actions and 
recommended medium and long term corrective actions. The type of functional failure (FF, 
MPFF, RMPFF and FF not MR related) is defined on the basis of the cause determination. 

 
Section 5. “Important changes according to previous assessing period” includes important changes in 

condition or status of the structures, systems, components or group of components including 
implemented modification, implementation of new programs or processes, revision of 
important programs or documents (e.g. Fire Hazard Analysis), etc. are briefly outlined in this 
section. 

 
Section 6. “Important problem analyses and prioritization” includes brief information about performed 

analysis, summarized action plan based on individual system health reports with brief 
problem overview and recommendation (including explanation) for (re)prioritization  

 
Section 7. “Action plan for systems with Potential Danger “RED” status and MR (a)(1) status” contains 

list of affected systems and their functions, approved action plans, established goals, 
responsible department and person with due date and current status. 

 
Section 8. “Maintenance Rule status overview” contains SHR/MR status and brief explanation of 

system (a)(1) status including affected system functions. 
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Section 9. “Systems availability” includes availability/unavailability for high important MR related 

systems. Unavailability includes separately planned and unplanned unavailability. 
In accordance with 10 CFR 50.65 paragraph (a)(3) adjustments shall be made where 
necessary to ensure that the objective of preventing failures of SSCs through maintenance is 
appropriately balanced against the objective of minimizing unavailability of SSCs due to 
monitoring or preventive maintenance. 
 
 

Summarized System Health Report forms are presented in Figure 3 (Example of Summarized System 
Health Report Form).  

 
The System Health Reports and Summarized System Health Reports are published quarterly following 
Expert Panel approval. The SSHR are distributed to plant departments and divisions including the 
Management Board. At the same time it is available on IntraNEK to all IntraNEK users. 
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Figure 1: System Health Reporting Model 
 



NPP Krško  4-2003 
System engineer: System Health (01.10.2003 – 15.01.2004) 

Component Cooling System 
CC 

 
 
 
 

System status explanation: 
  

Corrective work orders: 
  

Operating Experience  corrective actions, Deviation Reports, SOER, SER, LER, Scre
  

Open EEARs in modifications: 
  

NonComformance Reports (NCR): 
  

Yellow Tags: 
  

System Availability:  
Train A:  
Train B:  
Planned unavailability: 
Train A: 
Train B: 

Unplanned unavailability: 
Train A: 
Train B: 

 
System Reliability: 

 No. in this assessing period Total 

Functional Failures (FF)  

Maint. Preventable FF (MPFF)  

Repetitive Maint. Prev. FF (RMPFF)  

FF not MR related  

 
Maintenance Rule Criteria: 

  
Additional Information/explanation/analysis: 

  
System  Information: 

 No. in this assessing period T
Number of Work Orders: 
 

x CM (x URG + x PRI1) +  
x PM + x PDM+ x x 

Number of EEARs :   
No. of Implemented Temporary Modif.:  
Number of Yellow Cards:   
No. of opened corrective actions (DPI/OE):  
Long Term Plan Items:  
Number of Work Arounds:  
No. of Non Conformance Reports(NCR):  
 

Approved Action Plan: 
 
Recommended Action Plan: 

Acceptable 
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01.10.2003 – 01.01.2004 Summarized System Health 4-2003 
 
 

Summarized System Health Report for 4. Assessing period (xx Systems) 
 
 

 
 
Explanation: 

XX systems were rated in this assessing period:  xx "Satisfactory", xx "A
Improvement" and xx "Potencial Danger". 
3 systems change status to lower color  CW, HD in SI. 
System XX change MR status from (a)(2) to (a)(1). 
XX systems hasve MR status (a)(1). 

 
System: XX 
 

MR Status: (a)(2) → (a)(2) 
System Health Report status changes explanation: 
 
System XX 
 
MR Status: (a)(2) → (a)(2) 
System Health Report status changes explanation: 
 
System XX: 
 
MR Status: (a)(2) → (a)(2) 
System Health Report status changes explanation: 
 
Color table of SHR ranking 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Acceptable 

 

NUV Status: 

NUV Status: 

NUV Status: 
cceptable", 

(a)(2) → (a)

(a)(2) → (a

(a)(2) → (a)
3-2003 2-2003 1-2003 4-2002
x

(

)

(

Page 9 

x "Needed 

1) 

(2) 

2) 



01.10.2003 – 01.01.2004 Summarized System Health 4-2003 
 
 

Page 10 

 

1. Performance Indicators: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



01.10.2003 – 01.01.2004 Summarized System Health 4-2003 
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4. 



01.10.2003 – 01.01.2004 Summarized System Health 4-2003 
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3. New Component Problems in Assessing Period: 
  
  

4. Functional Failures  in Assessing Period: 
OF-RC-03-001  (RMPFF) 
OF-TC-03-001 (MPFF) 
OF CP-03-003 (FF not MR related) 

5. Important Changes According to Previous Assessing Period 
  
  

6. Analize in prioritete 
  
  

7. Action Plan for Systems with Potential Danger “RED” status or MR (a)(1) status: 
  
  

8. Maintenance Rule status overview and systems availability: 
 

Ranking 
4-2003 SHR/MR status from 01.10.2003 do 01.01.2004 

  

Potencial Danger AA 
(a)(1)

AB 
(a)(1)

  

 AC 
(a)(1) AD AE AF AG AH 

(a)(1) AI AK   

  

Acceptable AL AM AN AO AP AR AS AT AU AV AZ AQ AY AX BB BC BD BE

  

Satisfied BH BI BK BL BM BN BR 

  
 
MR status (a)(1) brief explanation: 

 
6. System availability in the assessing period 4-2003: 

 

SYSTEM Train Availability (%) Planned 
Unavailability (%) Availability (%) 

A 99,4730% 0,0299% 0,4971% 
B 99,5840% 0,0123% 0,4037% AF 
C 99,9695% 0,0305% 0% 
A    CC B    
A    CI B    
A    

DG 
B    
A    RH B    
A    SI B    
A    SW B    

 
Comments: 

Improvement 
Needed 
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