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Abstract

Pakistan is benefiting from nuclear technology mostly in health and energy sectors as well 
as agriculture and industry and has an impeccable safety record. At the national level uses 
of nuclear technology started in 1955 resulting in the operation of Karachi Radioisotope 
Center, Karachi, in December 1960. Pakistan Nuclear Safety Committee (PNSC) was 
formulated in 1964 with subsequent promulgation of Pakistan Atomic Energy 
Commission (PAEC) Ordinance in 1965 to cope with the anticipated introduction of a 
research reactor, namely PARR-I, and a nuclear power plant, namely KANUPP. Since 
then Pakistan’s nuclear program has expanded to include numerous nuclear facilities of 
varied nature. This program has definite economic and social impacts by producing 
electricity, treating and diagnosing cancer patients, and introducing better crop varieties. 

Appropriate radiation protection includes a number of measures including database of 
sealed radiation sources at PAEC operated nuclear facilities, see Table1, updated during 
periodic physical verification of these sources, strict adherence to the BSS-115, IAEA 
recommended enforcement of zoning at research reactors and NPPs, etc. Pakistan is party 
to several international conventions and treaties, such as Convention of Nuclear Safety 
and Early Notification, to improve and enhance safety at its nuclear facilities. In addition 
Pakistan generally and PAEC particularly believes in a blend of prudent regulations and 
good/best practices. This is described in this paper. 

1. INTRODUCTION
In 1956, Pakistan Atomic Energy Council was created for the promotion of nuclear energy in the 
country. In 1964 Pakistan Nuclear Safety Committee (PNSC) was formed in anticipation of the 
expansion of nuclear energy activities. Moreover, to accommodate the growing needs Pakistan 
Atomic Energy Commission (PAEC) Ordinance [1] was promulgated in 1965. Both these steps 
facilitated the successful installation of two nuclear facilities obtained on “turn-key” basis from 
North American suppliers, namely Pakistan Research Reactor-I (PARR-I) from Atomics 
Machine Foundry (AMF) of USA and Karachi Nuclear Power Plant (KANUPP) from Canadian 
General Electric. PARR-I was made operational in 1965 while KANUPP got operational in 1972. 
Here it may be noted that PNSC was formed in 1964 to address safety concerns and issues arising 
in the context of PARR-I and KANUPP, while the PAEC Ordinance formalized a systematic 
legal cover which was necessary for smooth construction, commissioning and operation of 
KANUPP and other facilities. 

However, it is good to see things in a larger context, i.e. the expanding nuclear program of 
PAEC. A landmark in the earlier phase of Pakistan’s nuclear program is the Karachi 
Radioisotope Center, Karachi which was declared open in December 1960. This dimension of the 
nuclear program subsequently expands to the opening of 13 nuclear medical centers; an 



additional 6 nuclear medical centers are in various stages of completion. Yet another project 
contributing to a significant influence in economic value was the Atomic Energy Agriculture 
Research Center, Tandojam inaugurated on 22nd November 1963. This led to the opening of the 
three more agricultural research centers with subsequent opening of Radiation Genetic Institute
(RAGNI) at Lyallpur (now renamed Faisalabad) in 1970. These nuclear agriculture research 
centers have contributed in the economic growth of Pakistan with an excellent safety record. 

PAEC is operating nuclear facilities of varied nature and hazards to support and promote 
Pakistan’s nuclear program. Pakistan realized the importance of safety very early on and 
constituted the Pakistan Nuclear Safety Committee in 1964 even before promulgation of the 
PAEC Ordinance in 1965. This shows the significance Pakistan attaches to the safety. Of 31 
countries operating NPPs [2] which are all party to the Convention on Nuclear Safety (CNS) 
Pakistan is among those few who have a fully autonomous regulatory body. Such an attitude has 
resulted in significant improvement and enhancement of all aspects of safety. It is to be noted that 
the nuclear program of Pakistan is thriving in all of its dimensions, i.e. nuclear power generation, 
nuclear medical and industrial applications, etc. The safety needs of this expanding program are 
briefly explained in the body of the text.

2. FACILITY
There are several definitions of ‘facility’ however following is the most suitable here: “Facility 
means any establishment(s) and structure(s), under single ownership at one general physical 
location”. In the light of this definition Table 1 provides a list of nuclear facilities owned /
operated by PAEC. 

Table 1: Nuclear Facilities Operated by PAEC

Facility Type Number

Nuclear Power Plants
1 PWR 325 MWe (CHASNUPP)
1 PHWR  137 MWe (KANUPP)

2

Research Reactors
1 MTR 10 MWth, (PARR-I)
1 MNSR 127 kWth (PARR-II)

2

R&D Institutes
1     Physical Sciences     
3     Agricultural / Biological Sciences

4

Nuclear Medical Centers 13
Biotechnology and Genetic Engineering 1
Irradiation facility (60Co, Activity 7.06×1015 Bq) 1
Human Resource Development Centers 8
Non-Destructive Testing Facility 1

It is evident from Table 1 that PAEC operates numerous facilities of varied nature ranging from 
325 MW e Nuclear Power Plant (NPP), having largest source term in Pakistan, to Agriculture / 
Biological research centers using sealed radiation sources and tracers of exempted source 
strength. PAEC has an expanding nuclear program so it is highly likely that new facilities may be 
added. In this regard, it is good to mention that Pakistan has recently announced an electric 



power policy under which PAEC will increase nuclear power generation capacity from 462 MWe
gross (425 MWe net) to 8,800 MWe net by 2030 [3]. This may lead to introduction of new NPPs 
possibly of 600 MWe net and higher power. Six additional nuclear medical centers for treatment 
of patients are under various stages of completion [4]. One more irradiation facility is also 
planned for irradiation of food, surgical items, etc. Both existing and planned facilities have a 
typical facility lifecycle described in Section 2.1. 

2.1. Facility Lifecycle

Here we present some characteristics of a facility. Refer to Section 2 all the facilities, operating 
and planned, have some common phases of their lifecycle such as: 

� Start / Beginning

• Design
• Construction
• Commissioning

� Middle

• Operation
• Suspension / Extended Shutdown
• Modification / Life extension

� End

• Closure / Decommissioning
• Transfer

It is to be noted that PAEC has nuclear facilities in almost all phases of the lifecycle except the 
End Phase. However, new IAEA safety standards for NPPs and research reactors [5,6]  and for 
radiation sources put special emphasis on the decommissioning or closure even during the 
design/planning phase. It includes at least commitment of funding regarding decommissioning 
and a tentative decommissioning plan [5,6]. Despite the fact there are a significant number of 
nuclear facilities around the world which are old and were previously planned to serve only for a 
planned and fixed period of time. However, it is now considered that by appropriately addressing 
aging concerns the operational life of these nuclear facilities may be extended. Based on the life 
extension and re-licensing experience of USA and Canada, in Pakistan KANUPP is now 
operating beyond its anticipated design life of 30 years. This is being done by implementing
several safety measures including aging management program with the cooperation of IAEA. 

It is to be noted here that usually decommissioning refers to the end of regulatory controls, while 
transfer means transfer of controls from one operating organization to the other. However in our 
case the end phase of the lifecycle is at a planning stage, i.e. institutional financial commitments, 
studies, analyses, and programs. 

2.2 Facility Indicators

Different schemes either exist or can be made to improve the status of a facility depending on the 
objectives of the owner/operator(s). World Association of Nuclear Operators (WANO) 
performance indicator (PI) scheme [7] is one such popular scheme for NPPs. This scheme 
comprises of 9 PIs:



i. Unit capability factor ii. Unplanned capability 
loss factor

iii. Forced loss rate

iv. Collective radiation 
exposure

v. Unplanned automatic 
scrams / 7,000 hrs 
critical

vi. Industrial safety accident 
rate

vii. Safety system 
performance

viii. Fuel reliability ix. Chemistry performance

PAEC is a member of WANO since 1989 and has been providing related information for both its 
NPPs, i.e. KANUPP and CHASNUPP. The information is available at the WANO website, 
(http://www.wano.org) [7]. Pakistan is also a member of International Society of Occupational 
Exposure (ISOE), [8] and has been providing relevant information of both NPPs to ISOE. To 
broaden the scope and include safety indicators PAEC has participated in an exercise where 
safety indicators of KANUPP were provided [9]. Here KANUPP systems chosen for monitoring 
include, emergency injection system, dousing water system, emergency AC power, etc. This 
exercise, among others, shows that status of KANUPP indicators is satisfactory and life extension 
activities are justifiable. 

Similarly for research reactors there may be several schemes for application of indicators. A 
typical model for indicators may include following for owner / operating organization:

• S&T based gross revenue
• Publications by Type
• Diversity of application in industry
• Cooperation with industry, research organizations and university sector
• Degree of usage of maintained facilities by external users.

While for the research reactor facility a typical scheme may include:

i. Availability ii. Yearly operation time (scheduled 
time, hrs), (Performed time, hrs)

iii. Unscheduled shutdowns

iv. Radiation doses v. Activity value in the pool and in the 
holdup tank

vi. Yearly waste production

This is not an exhaustive list, many more indicators can be added. However some of these 
indicators for PARR-I have been mentioned in a recent presentation [10]. Data is also available 
with PAEC for the other research reactor namely PARR-II. 

The possible list of indicator for nuclear medical centers may include:

i. The number of patients treated / diagnosed. 
ii. The Patient’s waiting time and time for completion of procedure 
iii. The number of cases of overexposure
iv. Research activities including the number of publications, etc.



In case of PAEC owned / operated 13 nuclear medical centers both these indicators are extremely 
satisfactory, i.e. the number of patients has steadily increased from 21,664 in 1968 to 350,000 in 
2005 while the number of patients with over-exposure is almost negligible (with a target of < 
1%). PAEC, for its nuclear medical centers, has been vigorously implementing [11,12] and for 
occupational exposure [13,14,15,16]. Efforts are underway to develop PIs for nuclear agriculture 
centres.

3. SAFETY REGIME
In developing a safety regime it is implicit that it takes care of all anticipated hazards with due 
emphasis on prevention, mitigation and emergency preparedness & planning. In its early phase, 
i.e. when prototype NPPs were being built during the 1960s, the list of hazards and their impact 
were conceived to be limited. Consequently, a safety regime was relatively narrower and 
stakeholders were limited to same nationality. Now with approximately 50 years of NPP 
operation, with particular reference to operational feedback and lessons learned, this regime have 
expanded to include effects of the catastrophic accidents of Chernobyl (rated INES scale 7) and 
TMI type (INES scale 5, with off-site effects) [17]. This has led to broader nuclear facilities 
safety regimes in both senses, i.e. relatively exhaustive list of hazards, for all phases of facility 
lifecycle; see Section 2.1, and participation of stakeholders sans boundaries in all three aspects of 
prevention, mitigation and emergency preparedness & planning. In the following this will be 
briefly discussed, in global and national context of Pakistan, with respect to: 

• Technology
• Human resource
• Organization, and 
• Environment.

Additionally obligations of Pakistan as party to all important safety significant treaties and 
conventions are also presented to elaborate the enhancement of safety of nuclear facilities. 

3.1 Technology

Design life estimation of a facility is customarily done on the basis of appropriate technology 
recognized in the applicable regulations, see Section 2.1 for facility lifecycle. In some nuclear 
facilities, such as nuclear medical centers, etc., it is much easier to cope with the problem of life 
extension by replacement of a structure or sub-structure of the facility. While rigorous analysis is 
tedious for other nuclear facilities, such as NPPs and research reactors. Consequently 
conservative estimates of design life are now being revised in the form of plant life extensions 
elsewhere as well as in Pakistan in case of KANUPP. Since regulations put the responsibility of 
safe operation on owner / operator of the nuclear facility, the technical justification for plant life 
extension (PLEX) has to be provided to the regulator by the operator. 

3.1.1 Prevention

Accident prevention at any point in time mainly rests on:

1. Tools / knowledge used for design,
2. Procedures / knowledge suggested for operation, and
3. Proper estimation / monitoring of condition of facility systems, structures and 

components.



Pakistan has a wide spectrum of nuclear facilities, see Table 1. In case of CHASNUPP Unit-I, 
PAEC has self imposed 18 additional measures to strengthen safety-in-design regime of that 
time, i.e. IAEA safety standard 50-CD-Rev.1 [18]. For CHASNUPP Unit-II construction license 
has been awarded on the basis of latest IAEA safety standard, NS-R-1 [19]. Similarly PARR-I 
(operational 1965) which fulfilled safety requirements of IAEA established in 1962 [20]. was 
upgraded to 10 MWth in 1996 meeting safety requirements set in [21]. The other research reactor,
i.e. PARR-II, is inherently safe being natural convection cooled and immersed in a pool of water. 

Another major concern in prevention at relatively older nuclear facilities is aging, this is also 
being addressed by both KANUPP and PARR-I. Pakistan is watching the trends in this regards in 
nuclear industry elsewhere since countries that played a pioneering role in nuclear power 
development have relatively older nuclear facilities. For example USA has nearly 40 research 
reactors of age more than PARR-I (which became operational in 1965) and Russia is still 
opera ting its nuclear facility, namely F-1 (Graphite U, 24 kW) since 1946 [22]. Similarly for 
NPPs, UK has been operating Dungeness A1 (Magnox, 228 MWe) since 1965 [22].  At the same 
time efforts are well advanced to increase the cycle length from 12 months to 18 months and 
beyond. This is due to introduction of technologies to manufacture better fuel elements.

Efforts are underway to utilize the probabilistic safety analysis (PSA) for NPP safety and 
performance improvement. For example at KANUPP a dump valve is being included to improve 
the Core Damage Frequency (CDF). This is among nearly 100 systems and components upgrades 
done  at KANUPP. Similarly using PSA at CHASNUPP Unit-I the number of emergency diesel 
generators has increased from 3 to 4. PSA Level 2 is underway for CHASNUPP Unit-I, while 
severe accident management guidelines (SAMGs) and symptom based emergency operating 
procedures (SEOPs) for CHASNUPP Unit-II will benefit from this PSA.

In addition to this strengthening of physical protection on design basis threat evaluation for 
nuclear facilities of Table1 as a measure of prevention is currently under study at DOS.

3.1.2 Mitigation

Accident mitigation at nuclear facilities is also part of their design. At nuclear medical centers 
such accidents may lead to overexposure thus resulting in remedial measures such as postponing 
the next exposure. However, in case of research reactors and NPPs, accident mitigation needed to 
prevent the breach of next available barrier in multiple barriers. Such systems are part of the 
design regulations such as [18,19] for NPPs and [6] for research reactors. PAEC has complied to 
such and similar regulations enforced at that time, respectively. 

In addition to this operating procedures for accident mitigation are also in place in case of 
Pakistan’s nuclear facilities mentioned in Table 1. 

3.1.3 Emergency preparedness & planning

Emergency preparedness & planning (EPP) needs to be based on quantified hazard magnitude
assessment. In case of research reactors and NPPs this is usually done by estimation of the source 
terms for assessing radioactive nuclear hazards. On the basis of this source term estimation on-
site and off-site emergency plans are available for KANUPP, CHASNUPP Unit-I, PARR-I and 
PARR-II. In addition to this Pakistan Nuclear Regulatory Authority (PNRA) has a National 
Radiological Emergency Coordination Center (NRECC) while PAEC is developing its own state 
of the art Emergency Response Coordination Center (ERCC). 



3.2 Human resource 

Human resource as part of the personnel associated with the nuclear facilities may be 
instrumental in enhancing safety or breach of safety. Such concerns are addressed in the 
following. 

3.2.1 Prevention

It has now been acknowledged that human resource is probably the significant cause of concern 
regarding the safety of nuclear facilities. The estimation of human factors and ergonomic design 
of control rooms is being studied. For this purpose it is acknowledged elsewhere as well as in 
PAEC that well trained manpower is the first and foremost requirement. In 1968, the number of 
nuclear engineers as well as health physicists in Pakistan, were both in single digits [23]. To meet 
such a shortfall Pakistan initiated a human resource development program which now comprises 
8 institutes, See Table 1. These institutes are imparting training in several different areas while 
only more relevant areas are shown in Fig.1. For nuclear facility of largest source term, i.e. 
CHASNUPP Unit-I, PAEC has a dedicated training center and a full scope simulator to train 
operators / supervisors and even personnel from the regulatory body (PNRA). 

In addition to this Probabilistic Safety Analysis (PSA) studies, focusing on human reliability 
analysis, are also under way for KANUPP as well as CHASNUPP Unit-I. 

These days this trained manpower is considering the dismantling of a 60Co source from a medical 
center out of the 13 medical centers mentioned in Table 1. 

3.2.2 Mitigation

Refer to Table:1, PAEC is operating numerous nuclear facilities. Manpower of these facilities is 
being trained for accident mitigation. Currently the focus of the accident mitigation program is on 
fire accidents, other industrial hazards and thyroid blocking by using Iodine tablets. However, 
this program will be expanded to include other hazards also. 

3.2.3 Emergency preparedness & planning

For EPP it is now mandatory under PNRA regulations in Pakistan to conduct regular training 
exercises and drills to evaluate the preparedness. In addition to this ERCC of DOS/PAEC has 
formulated an PAEC Emergency Response Management System (PERMS) which is elaborate in 
nature. At all nuclear facilities, see Table:1, clear signs are marked for immediate action in case 
of an emergency, such as assembly areas, evacuation routes etc. 



Figure 1. Development of Human Resource at PAEC Institutes

This trained pool of human resource has also contributed in the enhancement of safety of its 
nuclear installations. For example, KANUPP Final Safety Analysis Report (KFSAR) has been 
updated. Similarly PAEC trained manpower has contributed significantly in all the phases of 
CHASNUPP Unit-I, i.e. design, commissioning and operation. This manpower prepared the case 
for core conversion (from 93% to 20% enrichment) and power upgradation (from 5 MWth to 10 
MWth) of PARR-I accompanied by a full range of safety analysis as per IAEA standards [21,24].

Several hundreds of PAEC employees are Ph.D. degree holders and a sizeable number among 
them is employed in safety related activities directly or indirectly. Fifty Ph.D.s are employed in 
the 8 human resource development (HRD) centers mentioned in Table 1, and most of them are 
foreign qualified. 

3.3 Organization

The organization of resources, both technology and human resource, results in better 
performances both in terms of safety and output. In case of technology, the technology is 
arranged for best configuration stated in design and configuration management documents. 



Regarding safety this configuration must represent the safe plant states. See Section 3.2 addition 
of an emergency diesel generator at CHASNUPP Unit-I is a typical example of this. Regarding 
the human resource aspect of organization several items need to be considered and some of those 
are presented below.

3.3.1 Prevention

When resources are available, both in terms of technology and human resource, these need to be 
organized, particularly for a nuclear program of varied nature. The best preventive measure 
considered is that the roles and responsibilities should be clearly defined. Such roles and 
responsibilities are presented in Table:2. However it is to be noted that the legal basis for the 
nuclear safety was first introduced in PAEC Ordinance 1965, before the first reactor became 
operational, which was subsequently refined in 1984 when NS&RP Ordinance was promulgated 
[25]. Subsequent to becoming a party to the Convention of Nuclear Safety, the regulator was 
made fully autonomous through promulgation of the PNRA Ordinance [26]. 

National radiation safety infrastructure is of prime importance. Pakistan at the start of its nuclear 
program had almost non-existent national radiation safety infrastructure. However, a comparison 
of the recent evolution of national radiation safety infrastructure is presented in Table:2. National 
radiation protection & safety infrastructure is being enhanced by the effort of PAEC itself and by 
the collaboration with other organizations such as IAEA [27]. Pakistan is following the PNRA  
occupational dose criteria of 20 mSv/yr [28], which is stricter than the US NRC criterion of 50 
mSv/yr. 

The safety organization is also strengthened by the frequent reviews and local safety committees. 
In addition to this there are two different Technical Support Organizations (TSOs): one for 
PNRA namely Center for Nuclear Safety and other for PAEC, a component of Directorate of 
Safety (DOS). Here it is good to mention that DOS has a unique position in nuclear safety in 
Pakistan since it acts as internal regulator as well as technical support organization.

In addition to this, serious efforts are launched to include physical protection barrier to avoid any 
undesirable events. Presently design basis threats are being studied for different levels for nuclear 
facilities mentioned in Table 1. 

3.3.2 Mitigation

The mitigation organization primarily starts from the individual and includes the top manager of 
the nuclear facility. Usual mitigation organization includes volunteers as well as regular trained 
personnel, however, in-charge is usually the senior most among the trained. A typical example is 
the fire fighting organization at PAEC nuclear facilities. 

3.3.3 Emergency preparedness & planning

In Pakistan, the EPP organizations have evolved from Spartan setups. As has been mentioned in 
Section 3.1, Pakistan has two emergency response coordination centers, one operated by 
regulator, PNRA, and other by the Directorate of Safety of the PAEC.

3.4 Environment

Pakistan has been fortunate enough that at its nuclear facilities, listed in Table 1, no single 
significant event has occurred to cause an environmental impact. At INES the events belonging to 
class 4-7 are referred as accidents while lower are considered as incidents. To study the 



environmental impact, surroundings of each nuclear facility, such as KANUPP, CHASNUPP 
Unit-I, PARR-I, PARR-II, are regularly sampled. 

Moreover to address the concerns of the other stakeholders, it is now incorporated in the 
licensing process that additional clearance must be obtained from Environmental Protection 
Agency (EPA) at the national/provincial level

3.5 International Obligations

The concerns of neighboring states are also an issue to be addressed in nuclear safety. These 
concerns should be addressed; for example in case of Temelin Czech Republic has to address the 
safety concerns of neighboring state such as Austria. For these and other reasons Pakistan is party 
to a number of international instruments and treaties such as Convention on Nuclear Safety, 
Convention on Early Notification of a Nuclear Accident, Convention on Assistance in the Case 
of a Nuclear Accident or Radiological Emergency, etc. 

Table 2. National Radiation Safety Infrastructure (NRSI) of Pakistan.

Responsibility Elements of NRSI

1996 NOW

PNRB PNRARegulatory
PNRA has issued 7 regulations and substantial number of regulatory guides. 
CNS, PINSTECH, KNPTC, 
NIAB

PIEAS, PINSTECH, NIAB
KINPOE, CHASCENT Training

These training centers are imparting training in radiation protection and safety. One training 
center is also being setup by  PNRA.

Training abroad IA&T Division (PAEC) IA&T Division (PAEC)
PNRB RNSD (PNRA)Inspection & enforcement
I & E and licensing issues have been exclusively a domain of  PNRB and PNRA.

Licensing PNRB NSD(PNRA)
PINSTECH, CNS, KANUPP, 
NIAB etc.

PINSTECH, PIEAS, NIAB, 
KANUPP, CHASNUPP, etc.Dosimetry / measurement

Only major centers are mentioned, all nuclear establishments have small set-ups.
RPOs and allied staff SameRadiation protection
All facilities, including medical and NPPs, have a set-up under a local RPO.
IAEA, WANO, COG, Local fora 
including PNS, INSC

Same + WNA
Safety culture and 
Information exchange The Pakistan Nuclear Society (PNS) and the International Nathiagali Summer College 

(INSC) are among local fora for the development of safety culture.
DNS&RP(PAEC) DOS (PAEC), PNRASafety Liaison 
The safety program is expanded to include non-nuclear aspects of safety also.
Not available ERC (DOS), NERCC(PNRA)Emergency response 

coordination center The ERC is being equipped to coordinate nationally in case of a nuclear emergency.

Waste disposal & transport Sufficient Directorate of Waste 
Management

4. CONCLUSIONS AND RECOMMENDATIONS
The nuclear program of Pakistan is of varied nature. The major safety concerns of this program 
have been addressed in timely fashion. Its first major nuclear facility, namely PARR-I, was 
designed as per IAEA safety standard, firstly IAEA Safety Series-9 and subsequently IAEA 



Safety Series-35-S1. Then its nuclear facility possessing largest source term, CHASNUPP Unit-I, 
was designed with the in vogue IAEA standard, 50-C-D, Rev.1 with additional measures. For the 
under construction CHASNUPP Unit-II the latest IAEA safety requirements NS-R-1 is the 
Licensing basis. Pakistan has addressed and resolved relevant safety issues with highest priority 
to safety. It has a large pool of well qualified manpower to satisfy its safety needs.

Pakistan has been operating some nuclear facilities of relatively older age and for many years 
even safety related equipment is placed under embargo. Safety at these facilities can be further 
enhanced if embargoes are removed for nuclear facilities operating under IAEA safeguards. 
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