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Abstract

Safety performance indicators provide a very useful tool for monitoring operational safety of a nuclear
power plant. Utilities in many countries have developed plant specific indicators for the assessment of
their performance and safety. Regulators can make use of some of these indicators for their regulatory
assessment. In addition to these regulatory bodies in some countries have also developed programs for
the formulation of safety performance indicators which are used in monitoring operational safety and
regulatory decision making. Realizing its usefulness Directorate of Nuclear Safety and Radiation
Protection (DNSRP-the regulatory body in Pakistan) has also initiated a country specific program for the
development of Safety Performance Indicators (SAFPER) based on data provided by the utility and that
collected during the course of regulatory inspections. Selected areas of NPP operation to be monitored
are:-

• Significant events

• Safety systems performance

• Barriers integrity



• Environment protection

• Workers radiation safety and

• Emergency Preparedness

One of the objectives of this program is also to monitor the effectiveness of DNSRP regulatory activities.
IAEA framework is taken as one of the bases for our program. Safety performance will be assessed on
the basis of Performance Indicators and inspection findings. DNSRP program as shown in (Appendix-I)
includes the indicators in use and under development

introduction

The Pakistan Nuclear Regulatory Board (PNRB) was established in October 1994 and is responsible for
carrying out Nuclear Regulatory Functions in the country. Directorate of Nuclear Safety and Radiation
Protection (DNSRP) is the executive arm of PNRB, functional chart of PNRB is shown in Appendix-II.
DNSRP has been carrying out regulatory surveillance of the Chashma Nuclear Power Plant (CNPP)
during its design, construction and commissioning phases. The Karachi Nuclear Power Plant (KANUPP)
is also under regulatory surveillance. Routine regulatory inspections are carried out in addition to special
inspections. The Pakistan Nuclear Regulatory Authority Act (PNRA Act) which envisages PNRA as a
complete independent nuclear regulatory body in the country is in the final stages of legislative approval.

As the regulatory body (DNSRP) licenses the construction and operation of NPPs, develops, implements
and enforces the rules and regulations that govern nuclear activities, inspects facilities to ensure
compliance with legal requirements. It also stations inspectors at KANUPP and CNPP sites and
supplements their inspection activities with special inspections by the staff from the Headquarters at
Islamabad. After award of an operating license DNSRP’s statutory obligation is to require sufficient
information from the licensee to enable it to assure itself that adequate protection is being provided for the
health and safety of the public.

KANUPP was permitted to operate in early
‘70s without a formal license. This deficiency will be rectified when a revised full scope FSAR is
submitted, and a formal license issued. At present PNRB has issued a fuel load permit to CNPP which is
being commissioned. For the purpose of the Safety Performance indicator Program in Pakistan CNPP will
be taken into account after it starts commercial operation.

Current Program and Experience in the use of safety performance indicator program (SAFPER).

For the past many years KANUPP was using WANO indicators which are primarily performance based
indicators. As all of these indicators are not useful for the regulators, some other indicators have been
proposed and used from the regulatory point of view. In order to measure and monitor the operational



safety of KANUPP, DNSRP generated a trend data for the following indicators already in use. The data
has been taken from KANUPP Special Technical Reports on Safety Aspects of KANUPP Operation 1995-
1999.

Unplanned Scrams per 7,000 Critical Hours

Automatic Scrams/Trips While Critical.

The number of unplanned automatic scrams that occurred while the reactor was operating. (An automatic
scram is a condition under which the reactor shuts down automatically as a result of being programmed
to do so under certain conditions.) This results in thermal and hydraulic transients and represent
challenges to plant safety systems. The following data is reported

•the number of unplanned automatic and manual scrams while critical in the previous quarter

•the number of hours of critical operation in the previous quarter

The indicator is determined using the values for the previous four quarters as follows:-

value =

(total unplanned scrams while critical in the previous 4 qtrs) 7,000 hrs

(total number of hours critical in the previous 4 qtrs)

The value of 7,000 hours is used because it represents one year of reactor operation at an

80.0% capacity factor. If there are fewer than

2,400 critical hours in the previous four

 

 

 

 

quarters the indicator value is computed as

N/A because rate indicators can produce misleadingly high values when the denominator is small.
KANUPP remained shutdown for the first three quarters of the year 1999 and remained critical only for
1045.94 hours having 3 scrams out of which two were unplanned and one was planned.

Figure-1 shows that all the scrams are in the yellow band of Regulatory Response Band, This indicator
has provided a good correlation with plant performance in the past and is considered to be a leading
indicator of the more risk-significant indicators . In Figure-I the GREEN area indicates the acceptable
performance in the licensee respond band, WHITE indicates the acceptable performance in the Technical
Specification limits, YELLOW indicates acceptable performance in the Regulatory Response Band
exceeding Technical Specifications Limits, while RED indicates Unacceptable Performance and plant
performance is outside the design basis .

Unavailability of Safety System



The following KANUPP safety-related systems were chosen for monitoring

• Emergency Injection Systems

• Dousing Water Systems

• Emergency AC power

These systems were selected for the safety system performance indicator based on their importance in
preventing reactor core damage

or extended plant outage Figure-2 only shows the trend and not the indicator value.

 

 

 

 

 

Figure-2 a

Figure-2 b



Figure-2 c

Figure-2 d

 

This safety performance indicator can only be accurately and objectively measured by establishing safety
performance indicator values or the decision thresholds. In order to calculate the indicator value we have
to have the data for the following data elements:-

• Planned unavailable hours — These hours include time the train was out of service for
maintenance, or any other time equipment is electively removed from service and the activity is
planned in advance.

• Unplanned unavailable hours — These hours include corrective maintenance time or elapsed
time between the discovery and the restoration to service of an equipment failure or a human
error that makes the train unavailable.

• Fault exposure unavailable hours These are hours that the train was in an undetected, failed
condition

Unavailability =

Σ (Planned, unplanned, and fault exposure unavailable hours.)

 hours train required

The unit or station indicator value is the sum of the train unavailabilities for that system divided by the



number of system trains. To acquire this data we have to formulate a data entry form which chould be
utilized by the licensee for easier data entry. We are under the process of developing this.

 

Radiation Protection Program Effectiveness:

Occupational Exposure Control Effectiveness

The purpose of this strategic indicator is to monitor efforts to minimize total radiation exposure at the
facility. This parameter is a measure of the effectiveness of radiological protection programs in minimizing
radiation exposure to plant workers. Collective radiation exposure, is the total external and internal whole
body exposure determined by primary dosimeter (TLD or film badge), and internal exposure calculations.
Figure-3 a to f represent the trend of effectiveness of radiological protection program at KANUPP.

 

 

 

Collective Radiation Exposure.

The total radiation dose accumulated by KANUPP employees for the year 1999 is about 17% less than
the station dose of previous calendar year. Figure-3a

WANO KANUPP value is 2.04 man-Sv while median =1.00 manSv

Figure-3 a

Radiation Doses Internal to External



Ratio.

Figure-3 b

Due to the implementation of ALARA Program

major efforts have been taken to reduce the internal exposure due to uptake of Tritium. Figure-3b shows
the decreasing trend.

Number of Workers Receiving Doses above 20 mSv.

Figure-3c

The indicator indicates risk-informed dose criteria and encompasses events that represent a substantial
potential for exposure in excess of regulatory limits. Figure-3c shows a trend graph for the period 1994-
1999. In 1999 Five persons received the annual dose greater than 20 mSv. Radiation doses received by
them in excess of 20 mSv will be compensated during next year to keep the average below the regulatory
limit during the current five year segment (1998 – 2002) in conformity with ICRP-60.

On-Power Entries into the Boiler Room

Figure-3d and Figure-3e show a good trend in the specific indicators for the period 1994-1999. During the
year 1999, two on-power entries were made into the Boiler Room. Five persons who were involved in
these entries received total dose of 1.24 Man-mSv consuming about 0.2 Man-hrs. The average dose per
worker per entry is 0.248 mSv.



Figure-3d

Figure-3e

It has now been felt that DNSRP must also develop safety performance indicator values (decision
thresholds) for Radiation Protection Effectiveness Program at KANUPP. Thresholds have to be identified
for the Required Regulatory Response Band or the Unacceptable Performance Band because the
indicators trends cannot be directly tied to risk data. These values will be important for prompt decision
from regulatory point of view. The available data is not sufficient for the required objective. Moreover the
data should be easily available to the regulatory body via the licensee or through inspections in a regular
and timely manner.

Public Health and Safety.



To assess the performance of the radiological effluent
control program this indicator shows the bases for protecting public health and safety from exposure to
radioactive material released into the environment as a result of NPPs operations. These releases include
routine gaseous and liquid radioactive effluent discharges,. The indicator uses as its bases, the dose
limits for individual members of the public specified in PNSRP Regulation-1990, which defines that doses
to members of the public from effluent releases be kept "as low as reasonably achievable" (ALARA).

Station Effluents

Figure-4 a to d show the trends in the radioactive releases into the environment. A good trend is observed
while looking at the trend graphs.

Figure-4 a

Figure - 4 b

Figure-4 c

Figure-4 d

Experience:-

It is found that there was a positive correlation between the performance levels as indicated by the
indicators and the DNSRP’s evaluations of the reactor, the observed trend of the safety performance
indicators also signifies the ageing of the plant. However the safety performance indicators are only one
of the tools, DNSRP uses to measure performance safety.



If plants safety performance indicators and other data
show a pattern of deteriorating safety performance an additional oversight and more intensive inspection
activity will be carried out by DNSRP. Since at present there is only one operating plant in the country a
comparison of safety performance trend cannot be generated. A comparative study with the other good
performer plants is thus suggested, This can be done by exchange of information on safety performance
indicators in the open International programs and projects.

Advantages of Safety Performance indicators :

• Accurately and objectively measures the safety performance of NPP in protecting the public
health and safety.

• Provide accurate and understandable safety performance information to the public and news
media.

• levels and trends of nuclear safety can be illustrated in a quantitative manner

• weaknesses at nuclear power plants can be identified.

• Trend result can be utilized for the allocation of resources in an effective and efficient manner.

• Regulators can develop inspection plans.

• to evaluate and develop its own supervision

• to develop co-operation between regulatory body and the utility

Limitations:

• The safety P.I. provide result in a more quantitative manner and in some instances does not
provide meaningful information.

• It has also been observed that there has been no concerted effort to verify the date for
completeness and accuracy.

In view of the above, some additional indicators to the current set of safety performance indicators has
to be considered to provide the management with a more objective basis for monitoring the safety
condition of a reactor. Apart from the performance safety indicators some regulatory effectiveness
indicators have to be dealt with for a complete picture of safety.



2. Regulatory Efficiency Indicators

Regulatory efficiency is a measure of the performance of the regulatory system which exists in a country
to assure the safety of the public and workers from nuclear activities. Achievement of Safety levels at
nuclear facilities is not an exclusive indicator of the Regulatory Body. There are various other factors
which are prerequisite of an effective Regulatory Organization eg.:-

1. Independent body-- the most important indicator of Regulatory Efficiency is if the regulatory body
has enough powers to make and implement its own decisions as for safety is concerned.

2. Well defined Safety Policies and Objectives.

3. Organization Size and Structure.

4. Allocation of Resources.

5. Trained Manpower.

6. Reliability

7. Internal Quality Assurance.

8. Some other possible indicators to assess the regulatory efficiency are:-

• The ratio of time spent on planned inspections to time spent on reactive inspections (should be
high).

• An average time from the identification of the poor results to the decision to update the regulation
or not to update the regulation, and further, to the issue of the revised regulation.

• Percentage of established changes within one year from the issue of new regulation.

• Number of safety issues not reported by the utility but discovered by the regulatory body.

• Number of non-conformances identified in event analysis but not discovered in inspections (not
discovered by the utility nor the regulatory body)

• Average number of rates in inspection protocols (non-conformances not discovered by the utility
but found by the R.B).

• Number of delayed corrective actions.

• An average time from results identification to the decision to update internal procedures and
further, to the issue of the revised regulations.

• Number of internal corrective actions to be taken after an incident.

• Number of changes in the regulatory statutory requirements after an incident.

Regional Nuclear Safety Inspectorate (RNSI) was established, at CNPP in 1994 and a resident inspector
has been stationed at KANUPP in 2000. The function of RNSI at CNPP was to perform the regulatory
activities during the design, construction and commissioning of CNPP. Figure-5 shows Regulatory



Inspection activities by RNSI at CNPP, Table I gives a better view.

Figure-5

DNSRP is now under way to perform full scale independent regulatory activities at KANUPP. At present
we do not have sufficient data for this indicator so that a meaningful trend can be generated. Appendix-II
only shows some findings by DNSRP inspectors and corrective actions taken by KANUPP during
regulatory inspections with special reference to Workers Radiation Safety. The inspection findings are
in conformation with the trend analysis of the safety performance indicator for Workers Radiation
Safety. It can now be concluded that the Regulatory Body in Pakistan is performing its responsibility in an
effective manner with the co-operation of the Management of the Utility.

2. Risk Indicators in use and under development

Risk indicators can be divided as:-

A. Public health and safety

a. barier integrity (indicator under development -UD)

Fuel cladding, reactor coolant system and containment should be designed as such to assure the
protection of the public from radionuclides, releases caused by events or accidents. These barriers
are important elements and the indicators to be measured are:-

• Reactor coolant system activity

At present we do not have data for this parameter.

• Reactor coolant system boundary

Primary charging system (CPH) Concentration of I-131 remained within limits for the period 1995-
1999 Table II shows the values for this period.

• Containment integrity

Containment leakage rate is measured once/2 years. In 1996 and 1998 it was 50.38% and
51.72% of the allowable Technical Specification limit at 2 psi.

a. control of exposure and radioactive materials (indicator in use)



• emergency preparedness (# of drills per year)

• radioactive material control (gaseous and liquid effluents in the environment)

• exposure control (occupational exposure

 

 

A. Safety Performance Margin

a. Operating challenges

• Unplanned Automatic Scrams (in use)

• Safety System Actuations (UD)

• Shutdown operating margins (UD)

• Unplanned operating transients (UD)

a. Mitigation Capability (UD)

• High risk significant SSC performance

C. Overall plant performance (UD)

• Plant Performance Trend (overall trend displays by color windows)

This can only be measured when a full scope Safety Performance Indicator data has been studied,
analyzed and assessed keeping in view the decision thresholds. At present we are not in a position to do
this evaluation.

2. Indicators for Organization Evaluation, Safety Culture Performance Indicator.

A good regulatory body has the capability to enhance safety culture and has to make sure that

• An open interface between the utility and the regulatory body should exist.

• Utility Management must not tolerate an atmosphere that accepts degraded conditions, rather,
than, establish the atmosphere of a high quality operating environment.

• The management must not take delayed decisions on whether or not equipment is operating as
required.

• Inadequate management oversight is considered to be a cause of adverse quality events, which
can also lead to operators and engineers not having sufficient knowledge of the design basis of
structures systems and components to recognize problems and take timely corrective actions.

• Number of senior management meetings to aid early intervention.



• Contractors safety culture – should be the responsibility of the utility but may be assessed by the
regulatory body

5 Indicators for regulatory usage:

It is a fact that not all the indicators developed by the utilities are useful for the regulators for regulatory
decision making, some of the indicators which can be of usage to them are:-

• number of equipment failures causing unavailability of the plant.

• Ratio of preventive maintenance actions to corrective maintenance actions.

• Ratio of corrective actions of the equipment specified in the technical specifications to the all
corrective actions.

• An average unavailability time of all failed equipment.

• Distribution of failures in different main systems.

• Number of human related common cause failures.

• Number of un-availabilities due to common cause failures.

• Number of common cause failures which do not cause unavailability of the equipment and
system.

• Number of multiple failure (same failure causes consequences in several equipment and
systems).

• Number of human single failures.

• Number of permits to deviate from the technical specifications.

• Collective radiation doses.

• Average of the ten biggest personal doses.

• Radioactive releases to the water in TBq.

• Radioactive releases to the atmosphere in TBq.

• Number of unsatisfactory utility functions noted in inspection protocols.

• Number of electric power reductions.

• Number of fire alarms

• Integrity of fuel elements (maximum activities of the primary circuit).

• Integrity of the primary circuit.



• Unidentified leakage in the primary circuit.

• Integrity of the containment (proportion of isolation values which passed the first leakage test).

• Operation of the reactors control room (statement-NRC ordered the Peach Botton Plant in
Pennsylvania to shut down in 1987 after finding that personnel in the control room were sleeping
on the job).

6 Opportunities and difficulties for exchange of information on safety performance indicator in
the open International programs and projects

Exchange of information on safety performance indicator among regulators has not been done in the past
due to the fact that we have not as yet formulated a well defined program in this area. We would like to
have an opportunity for the exchange of information on Regulatory Practices in other countries, specially
in formulating the indicator values and thresholds for a prompt evaluation of Nuclear Safety of a Plant. A
Peer Review in this area would be a good idea for exchange of information within the region.

7. Indicators in which the public may be interested:

From the public perspective it is the safety of the nuclear facilities that is their primary concern. It is the
performance and reliability of the engineered systems, the software and the licensee staff that together
with their processes operates and maintains the facility at an acceptable level of risk. Over the years the
only nuclear power plant in Pakistan has operated well within the safety limits. The operating personnel
have never been subjected to excessive radiation doses and adequate safety measures have remained
available to monitor and counter any potential hazardous situation.

INES constitutes a valuable service for the prompt reporting of incident to the media and public. Pakistan
joined the INES information system in 1994 and under its obligation is committed to the prompt
communication of the Nuclear Events significant for safety (level 2 and above) or significant for the public
interest (level 1 and above ).

A Pre-IRRT Mission was carried out in April 1997 to

• Review the written material

• Interviews with personnel and

• Direct observation of organization, practices and activities both at DNSRP and RNSI.

Recommendations and suggestions by the Mission were given for improvement.

The indicators of public interest in addition to the above are

• The annual average dose per worker

• environmental monitoring of both the possible routes i.e. gaseous as well liquid effluents.

DISCUSSION AND CONCLUSION

It is felt that the term Safety Performance Indicators may be termed as "SAFPER Indicators" to be used
by the Regulators, as it is clear from this presentation that utility safety performance indicators together
with the regulatory effectiveness indicators constitute the measure for the adequate safety to the public



and the environment. Additional research is still necessary for

• indicator definition for the proposed and under developed indicators

• data collection systems

• thresholds

• trend analysis

• goal setting (benefit from the trend can be enhanced only if meaningful goals and targets are
established)

• analysis of overall plant performance

• safety culture indicator (qualitative indicator)

Some of the indicators, like Sudden outages, unavailability of Safety Systems, Collective Radiation
Exposure, Station Effluents, are analysed under Operating Performance parameter of KANUPP Report
for the period 1994-1998.

As observed from the findings by DNSRP inspectors and corrective actions taken by KANUPP during
regulatory inspections Appendix-III and the trend analysis of the safety performance indicators for
Workers Radiation Safety (Figure 3) it can be concluded that the Regulatory Body in Pakistan is
performing its responsibility in an effective manner with the co-operation of the Management of the Utility.

It is concluded that the general trend observed during this study is expected from an old plant like
KANUPP. The encouraging aspect which matters for the Regulators is the trend observed for the
radiation dose internal to external ratio for the period 1994 to 1998. This ratio has started decreasing now
after doing some maintenance work. Another important parameter of safety concern is the number of
forced outages which have been decreasing from 1994 to 1998.

Kanupp is facing operational problems mainly due to its Ageing and some other maintenance activities.
These conditions can cause safety concerns that, if not appropriately addressed, would require the
licensee to shut down the plant.

This deficiency will be rectified to a large extent when the effort to produce a revised full scope PSAR is
complete, and a new license issued.
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Appendix - I

NPP OPERATIONAL SAFETY

PERFORMANCE
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• Station Effluents

• Total Emissions of
Radioactivity

• Total Liquid Radioactive
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• Scheduled drills
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• Security

• No of reportable
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NPP OPERATIONAL SAFETY PERFORMANCE INDICATORS

 

 

 

 

 

 

Appendix-II

Functional Chart of PNRB



Appendix-III

RADIATION CONTAMINATION AWARENESS

Observation based on regulatory safety inspections

1996

The containment leak rate test was due on 10.6.1995 (tolerance time 4 months) but it was not performed
so far the test should be performed in the next long shut down.

Recommendation agreed.

RPT re-qualification of all radiation workers as per station policy had to be done after every two years
which was not observed during the inspection period.

Recommendation enforced.

1997

16 persons received doses more than 20 mSv and one received whole body dose of 36 mSv due to H3

environment about 70% of the dose received to workers is due to internal radiation

More stringent radiation protection measures should be adopted. Use of masks/respirators, reduction of
residence time in high radiation areas special effects should be made in the case of unskilled workers
exposed to internal uptake.

Recommendation/suggestion put into effect. Use of unskilled persons was minimised and regulated. They
should be supervised by a qualified plant personnel.

Radiation survey meters in the control room were calibrated in 1986 and in the Health Physics Division
the radiation monitors were last calibrated in 1996. Acc. to call up card calibration is required after every
three months.

Calibration should be done acc. to call up cards.

.

During the inspection, an increasing trend(40 times) of MPCa in the Boiler Room was noted.

It was also noted that the protective breathing suits have a reduction factor of about 150 which has
probably deteriorated with age.

Remedial action must be taken to reduce the MPCa to reasonably low level:-

Should look into the possibility of reducing H3 con. In the Boiler Room

Necessary measures should be taken to reduce the internal exposure of the workers.

KANUPP was asked to look into the procurement of more efficient protective suits



It was observed that, the TLDs of some radiation personnel working in mechanical sections were not
regularly changed and monthly exposure record of a number of workers was not available since the TLDs
issued to them were not regularly monitored on monthly basis

Personnel dosimetry of all radiation workers may be ensured on regular basis and upto date exposure
record should be maintained.

List of TLDs should also be updated

KANUPP informed that the record belonged to daily wages personnel generally or to employees who
have been transferred or posted.

KANUPP apprised DNSRP team that all KANUPP personnel are regularly trained/retrained(rec. March
’96) in the handling/protection from radiation. It was noted that operational personnel are more serious
towards the said training while the attitude of maintenance personnel to RPT looks never to be desired as
the failure rate is >50%

Should take vigorous steps so that all the workers are available to attend the course and should qualify
the same.

The management agreed to improve the situation

The absorbed dose record showed substantial difference between the readings of Direct Reading
Dosimeters (DRDs) and TLDs. This was attributed to irresponsible attitude of worker toward the use of
DRDs.

Eg. Ref. Case no 2627:

DRD showed 430 mRem

TLD showed 150 mRem during Sept.’97

This deficiency should be overcome through administrative measures and training of the workers. Quality
assurance of TLD system should also be ensured.

should ensure that the workers while entering the airlock areas wear the DRDs and TLDs simultaneously.

More efforts should be made in the maintenance of exposure record

The inconsistency in the two readings should also be removed

Scanning of personal dose records revealed that Mr. X had exceeded the 20mSv/year limit in November
1998. However he was deputed to perform dose intensive work on the fuelling machine in December
1998.

Keeping in view the ALARA principle such practice should be avoided.

 

 

 

 



 

 

 

TABLES

 

 

REGULATORY INSPECTIONS

# OF INSPECTIONS # OF FINDINGS

Construction & Installation Phase

• GSR-General Surveillance

• NPSR*-Control Point
Inspections

----

223

 

107

----

Manufacturing Phase:

• Record Point

• QA Inspection

32

~40

No finding

321

Audit Inspection 1 48

Commissioning:-

• J-Point *

• Random Surveillance

213

58

FLQs* 1808

EPLQs*

(Emergency Plan)

~108

Table I --- REGULATORY INSPECTIONS AT CHASHMA NUCLEAR POWER PLANT

NPSR - Notification Point Surveillance Report

J-Point - Joint Inspection (ie. In the presence of regulatory body)

FLQs - FSAR List of Questions

EPLQs - Emergency Plan List of Questions

 



 

 

Reactor Coolant System
Boundry

Primary Charging System
(CPH)

(Concentration of I-131)

January-
December

January-June June-July July-December

1995 <74 KBq/Litre

2 u Ci /Litre

   

1996 <111 KBq/Litre

3 u Ci /Litre

   

1997 < 74 KBq/Litre

2 u Ci /Litre

   

1998  < 74 KBq/Litre

2 u Ci /Litre

1.11 MBq/Litre

30 u Ci /Litre

2.59 MBq/Litre

70 u Ci /Litre

1999 < 3.7 MBq/Litre

100 Ci /Litre

   

 

Table-II --- REACTOR COOLANT SYSTEM BOUNDRY ACTIVITY

Note: Technical Specification limit = scanning of the system at 1 mCi/ litre

Shutdown of the plant at 5 mCi/ litre

 

 




