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PREAMBLE 

This report presents the results of the IAEA Operational Safety Review Team (OSART) 

review of Bruce B Nuclear Power Plant, Canada. It includes recommendations for 

improvements affecting operational safety for consideration by the responsible Canadian 

authorities and identifies good practices for consideration by other nuclear power plants. 

Each recommendation, suggestion, and good practice is identified by a unique number to 

facilitate communication and tracking. 

Any use of or reference to this report that may be made by the competent Canadian 

organizations is solely their responsibility. 

  



 

 



FOREWORD 

by the  

Director General 

 

The IAEA Operational Safety Review Team (OSART) programme assists Member States to 

enhance safe operation of nuclear power plants. Although good design, manufacture and 

construction are prerequisites, safety also depends on the ability of operating personnel and 

their conscientiousness in discharging their responsibilities. Through the OSART 

programme, the IAEA facilitates the exchange of knowledge and experience between team 

members who are drawn from different Member States, and plant personnel. It is intended 

that such advice and assistance should be used to enhance nuclear safety in all countries that 

operate nuclear power plants. 

An OSART mission, carried out only at the request of the relevant Member State, is directed 

towards a review of items essential to operational safety. The mission can be tailored to the 

particular needs of a plant. A full scope review would cover ten operational areas: leadership and 

management for safety; training and qualification; operations; maintenance; technical support; 

operating experience feedback; radiation protection; chemistry; emergency preparedness and 

response and accident management. Depending on individual needs, the OSART review can be 

directed to a few areas of special interest or cover the full range of review topics. 

Essential features of the work of the OSART team members and their plant counterparts are 

the comparison of a plant's operational practices with best international practices and the joint 

search for ways in which operational safety can be enhanced. The IAEA Safety Series 

documents, including the Safety Standards and the Basic Safety Standards for Radiation 

Protection, and the expertise of the OSART team members form the bases for the evaluation. 

The OSART methods involve not only the examination of documents and the interviewing of 

staff but also reviewing the quality of performance. It is recognized that different approaches 

are available to an operating organization for achieving its safety objectives. Proposals for 

further enhancement of operational safety may reflect good practices observed at other 

nuclear power plants. 

An important aspect of the OSART review is the identification of areas that should be 

improved and the formulation of corresponding proposals. In developing its view, the 

OSART team discusses its findings with the operating organization and considers additional 

comments made by plant counterparts. Implementation of any recommendations or 

suggestions, after consideration by the operating organization and adaptation to particular 

conditions, is entirely discretionary.  

An OSART mission is not a regulatory inspection to determine compliance with national safety 

requirements nor is it a substitute for an exhaustive assessment of a plant's overall safety status, a 

requirement normally placed on the respective power plant or utility by the regulatory body. 

Each review starts with the expectation that the plant meets the safety requirements of the 

country concerned. An OSART mission attempts neither to evaluate the overall safety of the 

plant nor to rank its safety performance against that of other plants reviewed. The review 

represents a `snapshot in time'; at any time after the completion of the mission care must be 

exercised when considering the conclusions drawn since programmes at nuclear power plants 

are constantly evolving and being enhanced. To infer judgements that were not intended would 

be a misinterpretation of this report. 

The report that follows presents the conclusions of the OSART review, including good practices 

and proposals for enhanced operational safety, for consideration by the Member State and its 

competent authorities. 
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INTRODUCTION AND MAIN CONCLUSIONS 

 

INTRODUCTION 

At the request of the Government of Canada, an IAEA Operational Safety Review Team 

(OSART) of international experts visited Bruce B Power Plant from 30/11/2015 to 

17/12/2015. The purpose of the mission was to review operating practices in the areas of 

Leadership and Management for Safety; Training & Qualification; Operations; Maintenance; 

Technical Support; Operating Experience feedback; Radiation Protection; Chemistry; 

Emergency Preparedness and Response; Accident Management; interactions between Human 

Technology and Organization, and Long Term Operations. In addition, an exchange of 

technical experience and knowledge took place between the experts and their plant 

counterparts on how the common goal of excellence in operational safety could be further 

pursued. 

Bruce Nuclear Generating Station is a Canadian nuclear power station located on the eastern 

shore of Lake Huron, in the community of Tiverton, Ontario. It occupies 932 ha (2300 acres) 

of land. The facility derives its name from Bruce County in which it is located, in the former 

Bruce Township. The site’s eight CANDU (Canada Deuterium Uranium) units are capable of 

producing 6,300 MW, which is more than a third of Ontario’s electricity. The company 

employs approximately 4,200 people on a permanent basis. The Bruce B units (5 – 8) with 

net output of 822 MWe each were commissioned between 1984 and 1987. All nuclear 

facilities in Canada are federally regulated and licensed by the Canadian Nuclear Safety 

Commission (CNSC), which is an independent, quasi-judicial body. The Bruce B facility has 

a license to operate from the CNSC to 31 May 2020. 

A commercial agreement with the Provincial Government to operate all units until 2063 was 

announced by the company management on 03 December 2015. This provided Bruce B a 

commercial framework to operate and life extend the plant beyond the previous commercial 

arrangement of 2019/2020. In addition to the power generation, Bruce Power supplies Cobalt 

60 to support the medical industry.  The Cobalt adjuster rods are irradiated for approximately 

2.5 years and are then harvested and put to use for sterilization of single use devices (e.g., 

blades, forceps), implantable medical devices (e.g., stents, heart valves, orthopaedics), 

pharmaceuticals and foodstuffs to ensure safety.    

The Bruce B OSART mission was the 188th in the programme, which began in 1982. The 

team was composed of experts from Finland, France, Hungary, India, Romania, Slovakia, 

Sweden, the United Kingdom, the United States of America and the IAEA staff members. 

The collective nuclear power experience of the team was approximately 380 years. 

Before visiting the plant, the team studied information provided by the IAEA and the Bruce B 

plant to familiarize themselves with the plant's main features and operating performance, staff 

organization and responsibilities, and important programmes and procedures. During the 

mission, the team reviewed many of the plant's programmes and procedures in depth, 

examined indicators of the plant's performance, observed work in progress, and held in-depth 

discussions with plant personnel. 

Throughout the review, the exchange of information between the OSART experts and plant 

personnel was very open, professional and productive. Emphasis was placed on assessing the 

effectiveness of operational safety rather than simply the content of programmes. The 

conclusions of the OSART team were based on the plant's performance compared with the 

IAEA Safety Standards. 

http://en.wikipedia.org/wiki/Canada
http://en.wikipedia.org/wiki/Nuclear_power_station
http://en.wikipedia.org/wiki/Lake_Huron
http://en.wikipedia.org/wiki/Tiverton,_Ontario
http://en.wikipedia.org/wiki/Ontario
http://en.wikipedia.org/wiki/Bruce_County,_Ontario
http://en.wikipedia.org/wiki/Bruce_Township,_Ontario
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The following report is produced to summarize the findings in the review scope, according to 

the OSART Guidelines document. The text reflects only those areas where the team considers 

that a Recommendation, a Suggestion, Plant Self -Identified Issue, an Encouragement, a 

Good Practice or a Good Performance is appropriate. In all other areas of the review scope, 

where the review did not reveal further safety conclusions at the time of the review, no text is 

included. This is reflected in the report by the omission of some paragraph numbers where no 

text is required. 

MAIN CONCLUSIONS 

The OSART team concluded that the managers of Bruce B NPP are committed to improving 

the operational safety and reliability of their plant. The management team and plant staff 

during the mission were open, transparent and demonstrated a commitment to continuous 

improvement. The team found good areas of performance, including the following: 

 Development of an effective overall technical strategy and associated long-term plan that 

includes proactive measures to manage reactor safety, generation and business risk for the 

Major Component Replacement and Asset Management initiatives to extend the life of 

the units. 

 Use of  a wide range of engaging training settings to provide learning and development 

opportunities, including a fuelling simulator, on-site fire training facility, a crane 

simulator, a radioactive environment welding mock-up, chemistry sampling simulators, 

and replicas of power conversion equipment.  

 As part of the plant’s Fukushima response program, a proven strategy for rapid 

deployment of plant Emergency Mitigating Equipment has been developed, which allows 

equipment to be installed on site within 1 hour after a request has been made. 

 Innovative communication methods to meet the needs of the extensive varied 

communities in the region around the facility.  

 

Based on the plant self-assessment completed prior to the mission, the plant has self-identified 

deficiencies and prepared action plans to further improve safety in two areas, namely 

management of leaks and plant configuration control. The team confirmed these issues and will 

review the progress achieved with the implementation of the plant action plans during the 

follow-up mission. 

 

A number of proposals for improvements in operational safety were offered by the OSART 

team. The most significant proposals include the following: 

 The plant should include ‘without cause’ alcohol and drug tests in its fitness for duty 

programme. 

 The plant should establish enhanced measures to ensure that maintenance workers are 

complying with plant standards for procedure adherence and enforce expectation for use 

of human performance techniques to prevent events. 

 The plant should provide additional protection for the on-site personnel in an emergency 

situation by implementing additional automated systems. 

 The plant should refine its methodology for scoping of systems structures and 

components for long-term operation to provide a sound basis for performing ageing 

management review and revalidation of time limited ageing analyses. 

 

Bruce B plant management expressed a determination to address the areas identified for 

improvement and indicated a willingness to accept a follow up visit in about eighteen months. 
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1. LEADERSHIP AND MANAGEMENT FOR SAFETY 

 

 

1.1. LEADERSHIP FOR SAFETY 

The plant uses Visual Management Boards (VMB) and associated daily meetings to have 

leader-led discussions with staff. The purpose is to reinforce the Safety First message, 

company values and increase staff awareness of their contributions to overall safety 

performance. The objective of the VMB is to provide organizational alignment, a 

standardized visual focal point for organizing information used to display, among other 

things, safety messages, employee concerns, plant conditions, crew specific station condition 

records and planned work for the next three days. The team identified the use of Visual 

Management Boards and the associated meetings as a good practice.  

1.2. INTEGRATED MANAGEMENT SYSTEM 

The plant has a very strong “Safety First” message built on four pillars of safety: reactor, 

radiation, environmental and industrial safety. This safety message is communicated through 

meetings, discussions and actions. When doing so, leaders and managers from the highest 

level down emphasize that reactor safety has the highest priority. However, the team 

encourages the plant to change the Management System Manual to make it clearer in writing 

that reactor safety has the overriding priority. 

The plant disseminates a number of ‘behavioural and expected attitude messages’ in different 

pamphlets and guidebooks along with a set of ten traits for a healthy nuclear safety culture. 

Seen individually these messages are all well-founded, but seen collectively they may not 

provide a consistent approach. The team encourages the plant to better coordinate all 

‘behavioural and expected attitude messages’ and make it clearer to all employees that 

together they all contribute to fostering a strong nuclear safety culture.  

The plant has a comprehensive talent management review process. The process facilitates 

succession planning through talent reviews, career maps, development plans as well as 

planned staff moves. The effectiveness of the process is evaluated and measured by a number 

of indicators. The career map for senior management positions enables the plant to get a clear 

picture of which managers fulfil the requirements for promotion to a higher position. The 

process has facilitated the plant to fill vacancies in the senior leadership team. The team 

identified this to be a good performance. 

The plant has a well-established, extensive and effective fitness-for-duty programme. In the 

area of drug and alcohol use, the plant has used specially trained dogs in the search for drugs. 

However, the plant is only able to intervene in cases where intoxication is suspected, rather 

than doing it proactively. The team made a recommendation in this area. 

1.3. NON-RADIATION-RELATED SAFETY PROGRAMME 

The plant uses different tools in an effective way to assess non-radiation risks before work is 

performed. These tools include pre-job briefings and safety analyses. Non-radiation risks are 

also brought up during the daily visual management board discussions and the station 

leadership meetings. However, on a broader level, the team found some examples of overall 

industrial safety issues that the plant has not sufficiently identified and addressed. The team 

made a suggestion in this area. 
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The team found that non-friable asbestos is present in some places of the plant. The plant 

meets the provincial regulations on this subject recognising that the presence of asbestos 

poses risk to people. Since increased cancer risks have been observed in populations exposed 

to very low levels of asbestos the team encourages the plant to follow the International 

Labour Organisation (ILO) recommendation to establish a program to exchange all 

components containing asbestos as soon as reasonably achievable. 

1.4. DOCUMENT AND RECORDS MANAGEMENT 

The plant has a comprehensive procedure in place for issuance, validation, approval, 

dissemination, review and periodic updating of documentation, records and reports. 

Administrative procedures are periodically reviewed at least every third year and 

programmes are reviewed annually. Abnormal incident manuals and operating manuals are 

reviewed by the training department on a five-year cycle. However, not all technical 

procedures are periodically reviewed. The team encourages the plant to consider periodic 

review of its technical procedures. The plant has a comprehensive process for managing 

documentation and records. The plant has a records storage facility for safe filing and 

retention of all types of documents that need to be archived. The storage for the vast majority 

of the records is well managed and the housekeeping is excellent. The team recognizes the 

documentation and records management process, including the storage facility, as a good 

performance. 
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DETAILED LEADERSHIP AND MANAGEMENT FOR SAFETY FINDINGS 

1.1. LEADERSHIP FOR SAFETY 

1.1 (a) Good practice: Use of a Visual Management Board (VMB) together with daily 

meetings to communicate safety related issues and align the organization’s priorities in a 

consistent manner.   

The Visual Management Boards facilitate an increase in leader led discussions with staff to 

reinforce the “Safety First” message, company values and increase staff awareness of their 

contributions to overall safety performance.  

The objective of the VMB is to provide a standardized, visual focal point for organizing 

information used to display the current status of: 

 Safety messages and employee concerns including reactor, industrial, radiological and 

environmental safety. 

 Plant conditions and crew specific station condition records. 

 Work crew/section/department expectations, targets and priorities. 

 Planned work for the next three days. 

 Other crew specific information such as human performance, training, 2 x 2 risk 

matrix, and radiation protection. 

Currently a couple of hundred VMBs are actively used across the plant. Since inception of 

the VMB process, more than 9000 formal VMB observations have been documented in the 

observation and coaching database. During initial leader training, the VMB process and 

expectations are reviewed with the trainer leading the attendees through a simulated VMB 

meeting. 
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1.2 INTEGRATED MANAGEMENT SYSTEM 

1.2 (1) Issue: The plant does not include ‘without cause’ alcohol and drug tests in its fitness 

for duty programme  

The team noted the following: 

 The plant has not implemented ‘without cause’ alcohol and drug tests in its fitness for 

duty program. 

Without a comprehensive fitness for duty program that includes “without cause” alcohol or 

drug tests, staff operating equipment essential for safety could potentially fail to perform their 

duties as expected. 

Recommendation: The plant should include ‘without cause’ alcohol and drug tests in its 

fitness for duty program. 

IAEA Basis: 

SSR-2/2 

3.13. A staff health policy shall be instituted and maintained by the operating organization to 

ensure the fitness for duty of personnel. Attention shall be paid to minimizing conditions 

causing stress, and to setting restrictions on overtime and requirements for rest breaks. The 

health policy shall cover the prohibition of alcohol consumption and drug abuse. 

4.29. Aspects of the working environment that influence human performance factors (such as 

work load or fatigue) and the effectiveness and fitness of personnel for duty shall be 

identified and controlled. Tools for enhancing human performance shall be used as 

appropriate to support the responses of operating personnel. 

NS-G-2.4 

3.2. The operating organization management should have the following main responsibilities: 

…. 

(3) Establishing and implementing an appropriate policy on an individual’s suitability for 

duty, addressing adequate physical and mental fitness and aspects such as the illicit use of 

drugs or tobacco and alcohol abuse, in consonance with national regulations. This policy 

should be addressed to all employees, contractors and visitors, as applicable; 

…. 

NS-G-2.14 

4.5. Administrative controls should be established to allow the fitness for duty of shift 

personnel to be observed, verified and controlled. Elements of such administrative controls 

should include the identification of drug or alcohol abuse by personnel, monitoring of the 

psychological state of personnel, restrictions on excessive overtime and mandatory 

requirements for rests between shifts. Important elements of this program are provisions to 

ensure active engagement and responsible attitudes on the part of the supervisors of the 
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corresponding crews. Supervisors should routinely evaluate their crew members as early as 

possible at the beginning of each shift or period of work. 
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1.3. NON-RADIATION-RELATED SAFETY PROGRAMME 

1.3 (1) Issue: The plant has not identified and addressed some industrial safety issues.  

The team noted the following: 

 Some escape routes are not clearly marked to guide staff to the designated exit points.  

 Chains for manoeuvring valves are hanging loose at head level in some locations and 

are not attached to the wall or other structures.  

 Un-restrained hoists were found at two locations: near the steam generator auxiliary 

lube oil pump and near the main boiler feed pumps in unit 8. The plant policy on 

storage positions of hoists is not clear. 

 The joint safety and health committees and others doing safety walk-downs are not 

provided with sufficient tools to identify safety risks in an effective way. 

If industrial safety issues are not identified and addressed in a timely manner, workers health 

and safety may be at risk. 

Suggestion: The plant should consider reviewing its industrial safety program to ensure that 

all industrial safety risks are identified, addressed in a timely manner and continuously 

reviewed. 

IAEA Basis: 

SSR-2/2 – Requirement 23 

5.26 The non-radiation related safety program shall include arrangements for the planning, 

implementation, monitoring and review of the relevant preventive and protective measures, 

and it shall be integrated with the nuclear and radiation safety program. All personnel, 

suppliers, contractors and visitors (where appropriate) shall be trained and shall possess the 

necessary knowledge of the non-radiation related safety programme and its interface with the 

nuclear and radiation safety program, and shall comply with its safety rules and practices. 

The operating organisation shall provide support, guidance and assistance for plant personnel 

in the area of non-radiation related hazards.  

GS-G-3.5 

5.73.A process that reflects the national industrial safety regulations should be established for 

all individuals, suppliers and visitors, and the process should refer to the rules and practices 

for industrial safety that are to be adopted. The process should include arrangements for the 

effective planning, organization, monitoring and review of the preventive and protective 

measures for industrial safety. 

NS-G-1.7 

3.29. The impact of secondary effects on safety will depend on whether the fire containment 

approach or the fire influence approach has been adopted as the basis for the location under 

analysis. If the fire compartments have been correctly designed, the spreading of secondary 

effects between them would be prevented by the surrounding fire barriers, but within a fire 

compartment it may be possible for secondary effects to spread between fire cells. Examples 

of secondary effects are as follows:  
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…. 

• Escape routes. 

…. 

Appendix II.1. Adequate escape and rescue routes for personnel should be provided, with 

account taken of the requirements of national building codes, fire protection regulations and 

rules for accident prevention, as well as the recommendations of this Safety Guide. A 

minimum of two escape routes from every building should be provided. For each route the 

following general conditions should be met: 

(a) Escape and rescue routes should be protected from the effects of fire and smoke. Protected 

escape and rescue routes comprise staircases and passageways leading to an external exit 

from the building. 

(b) Escape and rescue routes should be kept clear of any stored material. 

…. 

(d) Escape and rescue routes should be clearly and permanently marked and should be easy to 

recognize. The markings should show the shortest possible safe routes. 

NS-G-2.1 

7.2. The inspection, maintenance and testing programme should cover the following fire 

protection measures: 

…. 

• access and escape routes for fire-fighting personnel; 

…. 

NS-G-2.14 

6.22. Means of radiation protection, industrial safety, emergency first aid and fire protection 

should be adequately distributed in the plant, well-marked and available to support all modes 

of plant operation. Plant evacuation routes should be well lit and clearly marked and should 

not be obstructed by material or equipment of any kind. 
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2. TRAINING AND QUALIFICATIONS 

2.1. ORGANIZATION AND FUNCTIONS 

The plant management meet monthly to review a training scorecard with 10 indicators. There 

is zero tolerance towards missed training sessions and department managers are held 

accountable for deviations. With a comprehensive management oversight, the number of 

expired qualifications has been effectively reduced. The management attention to and 

acknowledgement of the value of training is recognised by the team as a good performance. 

2.2. QUALIFICATION AND TRAINING OF PERSONNEL 

The plant uses a wide range of engaging training settings to provide learning and 

development opportunities. The selection includes: a fuelling simulator with coupled 3D 

graphics visualisation and advanced physics engine, a state-of-the-art on-site fire training 

facility, a crane simulator, a radioactive environment welding mock-up, chemistry sampling 

simulators, and replicas of power conversion equipment. The scope and variety of available 

training settings promotes learning. The team recognises this as a good practice. 

Within job analyses, tasks are evaluated for their significance, difficulty and frequency. 

Based on this evaluation personnel are tested, trained or refreshed. There is, however, no 

classification for just-in-time training (JIT training), nor systematic criteria or guidance on 

when to perform JIT training. The team encourages the plant to systematically identify when 

JIT training would be useful to improve safety performance. 

2.4. USE OF PSA AND PSR 

The plant bases its training programmes on promoting the safe operating envelope according 

to operating policies and procedures. The plant has a ‘living’ PSA model; however PSA 

results are not used to the full extent for training purposes. Knowing the main results of the 

probabilistic safety analysis would give an additional point of view into the safety design of 

the plant. It would also add to understanding why the required limits and rules are in place. 

With these additional insights, the staff would develop a more multifaceted understanding of 

safety. The team encourages the plant to further develop the use of probabilistic results in 

training programmes. 
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DETAILED TRAINING AND QUALIFICATION FINDINGS 

2.2 QUALIFICATION AND TRAINING OF PERSONNEL 

2.2 (a) Good Practice: Providing a wide range of engaging training settings and dynamic 

learning activities. 

The plant uses a wide range of engaging training settings to provide learning and 

development opportunities. The range extends from a purpose built fire training facility, to 

advanced simulator modelling on a fuelling simulator, to dynamic learning activities (DLAs) 

with mock-ups and replicas. 

A full scope fuel handling simulator with touch-panel replicas is used for operator training. 

Advanced modelling of the fuelling machine with included interaction properties allow 

instructors to cause virtually any key component to stick, seize, or break free letting them 

recreate virtually any past event as well as train on new failure scenarios. Along with the 

physical modelling of the fuelling machine, a fully coupled 3D graphical representation is 

created. Visualisation of the actions enables trainees to develop mental models faster, which 

improves the learning progress. 

A state of the art fire training facility on site allows fire response staff to train and practice a 

range of different scenarios including turbine fires, pump motor fires, high angle rescues, and 

vehicle fires. Emergency response crews and plant operations staff can prepare for operating 

in stressful situations with open flames and smoke. The indoor training settings of the facility 

allow training to take place throughout the year and it is also used for the training of 

municipal fire fighting forces. 

Maintenance training DLAs include a welding mock-up from inside containment, allowing 

training for welding processes  while in plastic suits and  providing proof of proficiency of 

welders for realistic circumstances. An overhead cab crane simulator provides a high fidelity 

environment to simulate crane operation, fault response and operator perspective. A complete 

replica of power conversion equipment enables practising and evaluations in a training 

environment rather than on live, critical station equipment. Sampling simulators have been 

designed and implemented in chemistry training. While some DLAs are designed for use with 

one curriculum area or workgroup, more and more are now integrating multi-layered content 

(more than one curriculum area or more than one workgroup) into larger, more complex and 

challenging scenarios.  

A location based simulated dosimetry system is used in DLAs to reinforce proper radiation 

protection practices in a safe trainer-controlled simulated radiation environment. 

The scope and variety of available training settings is a testament to the commitment and 

support of management, and the engagement and drive of instructors to create and use such a 

range of activities to continually increase trainee proficiency. 
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3. OPERATIONS 

3.1. ORGANIZATION AND FUNCTIONS 

Authorized Nuclear Operators (ANO) are granted an authorization from the CNSC to assume 

responsibility for any of the four nuclear reactors at Bruce B at any time.  The procedure 

governing the conduct of shift turnover requires specific key information to be discussed 

during the face-to-face turnover, but also allows for additional unit status items to be 

referenced by the incoming ANO as soon as practical after turnover is complete.  Also, 

reactor unit ANOs are not necessarily made aware of the status of Unit 0 (common services 

unit) safety-related equipment until the availability of that equipment could potentially have 

an impact on continued reactor unit operations.  The team encourages the plant to review the 

guidance provided by the shift turnover procedure to assess whether a more detailed unit 

status could be conveyed during the face-to-face turnover.   

3.4. CONDUCT OF OPERATIONS  

The plant has implemented an Operations Mentoring Group (OMG) for the past 4 years.  The 

group uses experienced Supervising Nuclear Operators (SNOs) and Nuclear Operators 

(NOs), in each of the Reactor Units, Unit 0, and Fuel Handling streams, to conduct mentoring 

and direct observation and coaching of all field operations staff.  The group also takes 

particular interest in ensuring the capability of effectively carrying out Emergency Field 

Operations (EFOs). The team identified the use of the OMG as a good performance. 

EFO procedures are initiated by the Lead ANO following guidance from Emergency 

Operating Procedures (specifically, Abnormal Incident Manuals). Once initiated, EFO 

procedures are required to be executed quickly and correctly, but depending on the initiating 

event, the conditions in which the operators will be working may present challenges due to 

the availability of lighting, or due to abnormal radiological conditions. To prevent any 

difficulty or delay in the implementation of EFO procedures, all required equipment is staged 

and tagged with unique, light-reflective tags for easy identification if no lighting is available. 

The team recognized EFO tagging and equipment staging as a good performance. 

The fuelling plan is a tool that helps the plant build  an achievable plant plan that maximizes 

fuelling trolley utilization, manages emergent maintenance, minimizes conflicts with reactor 

unit maintenance, provides fuelling history, and allows for the generation of metrics for 

performance monitoring.  The team recognized the plant fuelling plan as a good performance. 

The plant has developed a system of labelling of equipment, including the use of colour codes 

to identify the contents of the piping systems and to identify the unit. During the review, the 

team recognized that for insulated pipelines it is not possible to recognize the colour code for 

system content, and it is difficult to quickly identify the unit by using labels. The team 

encourages the plant to consider improving such identification. 

The team found that overall the plant is in good material condition. The team found that the 

plant has adequate procedures and routines in place for the tasks that occur. Furthermore, the 

team found that the plant’s written expectations are known by the staff. However, the team 

noted that ownership is not demonstrated at a sufficiently high level with respect to the 

identification and reporting of some deficiencies in material condition, storage areas, and the 

system for controlling the use of operator aids. The team developed a recommendation in this 

area. 
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3.5. WORK CONTROL 

Emergent work on safety-related systems is often conducted by qualified maintenance 

personnel in the Fix it Now (FIN) team.  The team observed that this work does not 

necessarily undergo a formal reactor safety review by reactor safety engineering.  The 

decision to perform such a review is at the discretion of the Control Room Shift Supervisor or 

Shift Manager.  The team encourages the plant to consider expanding the use of nuclear 

safety reviews for all work performed by the FIN team. 

3.6. FIRE PREVENTION AND PROTECTION PROGRAMME 

During the field visits, the team noted oil leaks on some important equipment, including 

standby diesel generators. Some locations do not have fire detection systems. One fire stop 

sealant was found degraded and one cable jacket was found damaged during the review. The 

plant fire hazard analysis has also identified areas for further improvement in the areas of fire 

protection. This includes the cable wrap project, upgrading of fire detection in several areas, 

standby generator and emergency power generator fire detection upgrade, and installation of 

very early smoke detection system. The team made a suggestion that the plant should 

consider further improving its fire prevention and protection systems as part of its ongoing 

fire prevention enhancement plan. 
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DETAILED OPERATIONS FINDINGS 

3.4. CONDUCT OF OPERATIONS  

3.4 (1) Issue: Plant personnel do not consistently identify and report deficiencies. 

The team noted the following:   

 Material Conditions: 

 Vacuum Priming Pump, 5-71240-P2 has rust on the surface and an incomplete 

equipment label. 

 Low Pressure Screen wash Pump, 5-7131-P6, has rust on the surface.  

 New High Pressure Service Water piping in Unit 7 to allow connection to the 

Unit 8 system is connected to older valve/piping with rusty bolts and flanges. 

 The actuators for several motorized valves, including 6-43230-MV24, 25, and 

32 have fluffy dust on them. 

 Low Pressure Service Water pressure gauge, 5-67131-PG35, has an outdated 

calibration label and an attached calibration record tag with information from 

2002. 

 

 Equipment Labeling: 

 Equipment with missing or damaged labeling was found in a number of cases. 

Examples include: Valve 6-43230-MV25; Turbine Hydraulic Fluid Pump, 5-

41720-P2; Condenser Steam Discharge Valve isolating valve 5-41180-V12; 

Extraction Steam supply valve, 5-36110-MV4; the Turbine Lubricating Oil 

Control Panel, 5-64102-PL71 with 5 missing labels; three spare valves on 

instrument air valve tree 0-75120-V695 (V4, 7, 8); a valve near to 0-38110-

V402 in the Ancillary Services Building tunnel. 

 

 Storage: 

 Insulation storage bags at Unit 7 Low Pressure Service Water Pump 3 were 

stored in a disorganized fashion. 

 Storage of equipment and carts outside of designated areas or in areas 

designated for other purposes or in areas not marked as storage designated 

areas (Laundry carts, circuit breakers, vehicles and a cage, and scaffolding 

material) 

 Two drums for the collection of resin and glass waste located outside the 

Chemistry Lab without official approval. 

 A cart with some metal components on it was located outside an entrance to 

the powerhouse in Unit 0 without an in-use tag attached.  

 

 Operator Aids: 

 The controlled copy stamp on operational flow-sheet NK29-FOX-71380-001 

posted in the Emergency Water and Power Supply Building is hard to read and 

difficult to identify. 

 The Station Layout Drawing for Fire Hydrants and Emergency Powerhouse 

Entry Door Numbering NK29-D0X-20100-0011 in the Emergency Operations 

Center is an operating flow sheet and is not stamped as an Operator Aid. 

 Op. Memo NK29-OPM-11-5151B issued June 2011 on system EWPSB air 

conditioning and Op. Memo NK29-OPM-12-5451B issued May 2012 on Air 
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foam Fire Protection  are older than the operating memo target validity of 6 

months. 

Not identifying and reporting consistently all deficiencies could potentially result in damage 

or failure of plant safety and non-safety systems. 

Recommendation: The plant should improve its standards for identifying and reporting 

deficiencies. 

IAEA Basis: 

SSR-2/2 - Req. 28. 

 7.5. A system shall be established to administer and control an effective operator aids 

program. The control system for operator aids shall prevent the use of non-authorized 

operator aids and any other non-authorized materials such as instructions or labels of any 

kind on the equipment, local panels, boards and measurement devices within the work areas. 

The control system for operator aids shall be used to ensure that operator aids contain correct 

information and that they are updated periodically reviewed and approved. 

7.6. A clear operating policy shall be maintained to minimize the use of, and reliance on, 

temporary operator aids. Where appropriate, temporary operator aids shall be made into 

permanent plant features or shall be incorporated into plant procedures. 

7.10. Administrative controls shall be established to ensure that operational premises and 

equipment are maintained, well lit and accessible, and that temporary storage is controlled 

and limited. Equipment that is degraded (owing to leaks, corrosion spots, loose parts or 

damaged thermal insulation, for example) shall be identified, reported and corrected in a 

timely manner. 

NS-G-2.14 

3.1. The shift supervisor should manage plant operations…In addition, the responsibilities of 

the shift supervisor should normally be: To perform plant inspections to identify and correct 

problems involving the performance of personnel, policies and procedures, housekeeping, 

material conditions and hazards to personnel; to ensure that deficiencies are identified and 

corrective action is initiated. 

4.34. Rounds should be conducted regularly by the operators to identify actual and potential 

equipment problems and conditions that could affect the functioning of the equipment.  

5.1. A consistent labelling system for the plant should be established, implemented and 

continuously maintained throughout the lifetime of the plant. It should be ensured that the 

system is well known by the staff. The system should permit the unambiguous identification 

of every individual component in the plant.  

5.2. The labelling standards used should be such as to ensure that the labels are suitable for 

the environmental conditions in the location in which they are to be mounted and that the 

equipment can be unambiguously identified. The format and placement of labels should 

allow the operators to identify the component quickly and easily and should prevent the easy 

or inadvertent removal or misplacement of labels. 
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5.3. The plant management should ensure that all valves, switches, breakers and components 

are labelled using the same labelling nomenclature as that prescribed in current design 

documents. When discrepancies are found, they should be reported and corrected in 

accordance with the established procedure. To assist in the management of the labelling 

program, the number of discrepancies awaiting correction should be tracked and monitored. 

5.4. Particular consideration should be given to the arrangement in the labelling system for 

the identification by operators of missing or necessary labelling and the process to ensure that 

the corresponding corrective action has been taken in a timely manner. 

6.20. Plant housekeeping should maintain good conditions for operation in all working areas. 

Working areas should be kept up to standard, well lit, clean of lubricants, chemicals or other 

leakage and free of debris; the intrusion of foreign objects should be prevented and an 

environment should be created in which all deviations from normal conditions are easily 

identifiable (such as small leaks, corrosion spots, loose parts, unauthorized temporary 

modifications and damaged insulation).  

6.21. …Operations personnel should periodically monitor housekeeping and material 

conditions in all areas of the plant and should initiate corrective action when problems are 

identified. 
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3.6 FIRE PREVENTION AND PROTECTION PROGRAMME  

3.6 (1) Issue: Some fire prevention provisions are not consistently managed in the Fire 

Prevention Programme. 

The plant has self-identified a performance gap regarding identification, tracking and 

trending of fluid leaks with a focus on low priority and low impact leaks as defined in the 

fluid leak management procedure.  The fluid leak management procedure does not provide 

guidance on how to assess oil leaks as a fire safety concern.   

The team noted the following: 

 Oil leaks and absorbent pads were found at each of the four turbine control system, 

being there for several years.  

 In Unit-6 an oil patch was found on the floor on the left side of High Pressure turbine 

pedestal. Oil soaking pad was kept on the left side at the bottom of HP turbine 

pedestal for preventing spread of oil.  

 On Unit 8 System Service Transformer tygon tubing was observed coming from top 

of the transformer to buckets at ground level. The leak has existed since 12 December 

2014. 

 An oil leak at Standby Generator 8 was observed, and had created a small puddle. 

This oil leak has not been identified and tracked as per the station leak management 

programme. 

 In Unit 5, oil film existed on the pedestal around the Generator Seal Oil Pumps 1 and 

3 without a deficiency tag. 

 In Unit 7, a few oil drops were observed on the 678 feet elevation near main heat 

transport pump motor. The leak is from the ceiling crane in front of the Main Heat 

Transport pump 3 motor. Oil absorption pads were placed on the floor to capture the 

oil. 

 Additionally, the team observed that some locations within the zone 3 area of 

elevations 615’, 639’, 663’ and 693’ within the plant did not have installed fire 

detection capabilities.  These areas have been reviewed as part of the Fire Hazard 

Analysis (FHA) and Fire Safe Shutdown Analysis (FSSA), and detection was 

determined to be required only in the areas/rooms of these elevations that contain 

critical equipment.   

 The most recent FHA was completed in 2013, and documents 399 recommendations 

for Bruce B to implement to further strengthen its Fire Prevention program.  Of those 

recommendations, 253 have been implemented, 71 are being addressed through 

Capital Projects with completion dates ranging from 2016 to 2020, and the remaining 

75 were assessed to present a very low risk to the plant, and are to be completed 

during future unit refurbishment activities.    

 No bare electrical conductors were exposed but the cable jacket was damaged on 

hoist pendant/control cable jacket for crane 6-76129-H04 

 Fire stop sealant around one cable in a cable penetration found degraded. 

 At 639 feet, Unit 6, on the opposite wall from generator (south), 9 hose reels 

observed stored. The storage of these items was reviewed and approved for 

temporary storage.  

Without controlling all fire risks and maintaining fire prevention measures the plant may 

increase fire hazard vulnerability. 
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Suggestion: The plant should consider further improving its fire prevention and protection 

systems within its multi-year improvement plan. 

IAEA Basis: 

SSR-2/2 – Requirement 22 

5.21. The arrangements for ensuring fire safety made by the operating organization shall 

cover the following: adequate management for fire safety; preventing fires from starting; 

detecting and extinguishing quickly any fires that do start; preventing the spread of those fires 

that have not been extinguished; and providing protection from fire for structures, systems 

and components that are necessary to shut down the plant safely. Such arrangements shall 

include, but are not limited to:  

(b) Control of combustible materials and ignition sources, in particular during outages;  

NS-G-2.1 

2.2. To ensure adequate fire safety in a nuclear power plant in operation, an appropriate level 

of defense in depth should be maintained throughout the lifetime of the plant, through the 

fulfillment of the three principal objectives identified in Ref. [2]:  

(1) Preventing fires from starting 

2.12. Procedures should be established for the purpose of ensuring that amounts of 

combustible materials (the fire load) and the numbers of ignition sources be minimized in 

areas containing items important to safety and in adjacent areas that may present a risk of 

exposure to fire for items important to safety. 

 

3.2. Responsibilities of site staff involved in the establishment, implementation and 

management of the programme for fire prevention and protection, including arrangements for 

any delegation of responsibilities, should be identified and documented. The documentation 

should identify the posts, specific responsibilities, authorities and chain of command for 

personnel involved in fire safety activities, including their relation with the plant 

organization. The areas of responsibility identified should include: 

 control procedures for combustible materials and ignition sources. 
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4. MAINTENANCE 

 

4.2.  MAINTENANCE FACILITIES AND EQUIPMENT 

Calibrations for some job-specific tools are maintained and checked prior to tool issue. The 

plant has a routine for using an installed torque wrench test stand to validate torque wrench 

calibrations before and after each use to reduce the likelihood of errors and rework.  The team 

identified this to be a good practice. 

The deuterium (D2O) Pump-up-Cart is used for backfilling instruments having a process 

interface with systems containing activated D2O and Tritium. This allows workers to backfill 

rather than drain or vent instruments reducing the likelihood of fluid release and exposure to 

Tritium contamination. The team has identified this to be a good practice. 

4.4.  PROCEDURES, RECORDS AND MAINTENANCE HISTORY 

In some instances data records for safety related and important to safety instruments are 

stored in a location where they are exposed to a potential fire or wetting event which could 

destroy or damage the records such that calibration data would be irrecoverable. Calibration 

records are required to be kept for the duration of plant operation. This data may be  needed 

to recover historical performance in case a plant condition or event occurs requiring historical 

information for root cause determination.  The team made a suggestion in this area. 

4.5. CONDUCT OF MAINTENANCE WORK 

The team observed some weakness in the application of stopping when procedures cannot be 

performed exactly as written and not following procedures exactly as written, even if in this 

particular case the deviations might not have impact on the safe execution of work. In a few 

instances, workers and front line manager personnel did not recognize deficiencies in 

procedure work steps during work preparation and pre-job briefings which resulted in 

workers not performing some work steps as written during work execution.  The team made a 

recommendation in this area. 

4.6.  MATERIAL CONDITION 

The Fluid Leak Management procedure BP-PROC-00673 provides guidance and methods for 

monitoring and tracking leaks.  This procedure is referenced by the conduct of maintenance 

procedure and uses the corrective action and work management programmes to report 

deficient conditions. The plant has self-identified a performance gap regarding identification, 

tracking and trending of leaks with a focus on low priority and low impact leaks as defined in 

the fluid leak management procedure.   

4.7.  WORK CONTROL 

Although work is controlled and managed in accordance with plant procedures, the team 

observed that work order backlogs are high compared to industry good performance. The 

plant has a strategy and process to address high priority work; however the plant has not 

developed a formal and integrated strategy to reduce the backlog in a timely manner for 

lower priority activities.  The team encourages the plant to consider developing a formal 

backlog reduction strategy for lower priority deficiencies and include that strategy as part of 

the work management improvement plan.  
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The work management performance indicators are providing appropriate performance 

feedback to plant managers and staff; however, the team identified one key performance 

indicator that is being used differently than the plant defined calculation resulting in a missed 

opportunity to specifically measure the scope retention of work on components classified as 

critical. The team encourages the plant to consider reviewing and revising the calculation of 

this performance indicator.   
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DETAILED MAINTENANCE FINDINGS 

4.2.  MAINTENANCE FACILITIES AND EQUIPMENT 

4.2 (a) Good Practice:  Use of a pure Deuterium Oxide (D2O) pump up tool to prevent 

venting and draining of Tritiated D2O during instrument calibration. 

Operation of a CANDU reactor creates Tritium as a radionuclide when Deuterium Oxide is 

irradiated.  This is an inhalation/wetting hazard for workers and a source of contamination 

that is easily spread and made airborne. The plant uses a special purpose, pure deuterium 

oxide (D2O) pump up cart to backfill instruments and instrument lines when performing 

calibration of instrumentation loops.  The cart is equipped with a tank of pure D2O, a closed 

loop regulated pump system, and over pressure protection to ensure that the process system 

the cart is connected to cannot be over pressurized.  By backfilling instrument lines with pure 

D2O instead of draining or venting process fluid during calibration, the tritium hazard is 

mitigated thus reducing the risk to workers and preventing loose contamination.  

                                

 

4.2 (b) Good Practice: The plant has installed mechanical torque wrench verification stations 

used to perform testing of torque wrenches before and after use in the field.  This is done in 

addition to the regular calibration checks prescribed by the equipment manufacturer and 

allows for functional traceability on a job-by-job basis.  This practice ensures the torque 

wrench is working properly before and after each job, eliminating extensive reviews and 

additional rework if a torque wrench becomes lost or otherwise damaged.  

Examples of benefits: 

 Physical verification of proper performance before starting work; 

 When results are documented, it prevents extensive review for tool usage if torque 

wrench is found damaged or lost; 

 When results are documented, it prevents additional rework in potentially hazardous 

or difficult access areas to verify conditions when a torque wrench is found broken or 

lost. 
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4.4.  PROCEDURES, RECORDS AND MAINTENANCE HISTORY 

4.4 (1) Issue: Plant calibration records for instruments such as transmitters and other installed 

instrumentation are not always kept adequately. 

The team noted the following: 

 A portion of calibration records is not stored in fire proof vaults, safes or file cabinets 

and there is no automatic fire suppression for the documents in the area. 

 Plant documentation of instrument calibration data is kept in hard copy form in 

binders in the instrument and control shop area.  These documents are kept in this 

location for extended periods of up to several years and are the legal record containing 

the most recent calibration data.       

 A portion of instrument calibration data is not kept electronically except for 

documentation of calibration completion and status as to whether or not the 

calibration was satisfactory or not. 

 

A fire or wetting in the calibration data storage area could irrecoverably damage or destroy 

the only copy of calibration data for instruments that are safety related or important to safety. 

Suggestion: The plant should consider keeping plant calibration records in conditions that 

ensure they are not lost or damaged as a result of credible hazards. 

IAEA Basis: 

SSR-2/2 - Requirement 15 

4.52. The operating organization shall identify the types of records and reports, as specified 

by the regulatory body, that are relevant for the safe operation of the plant. Records of 

operation, including maintenance and surveillance, shall be kept available from initial testing 

during the startup of each plant system important to safety, including relevant off-site tests. 

The records of operation shall be retained in proper archives for periods as required by the 

regulatory body. All records shall be kept readable, complete, identifiable and easily 

retrievable [2]. Retention times for records and reports shall be commensurate with their level 

of importance for the purposes of operation and plant licensing and for future 

decommissioning.  

SSR-2/2 – Requirement 31 

8.4.  Data on maintenance, testing, surveillance and inspection shall be recorded, stored and 

analyzed for confirming that the operating performance is in accordance with the design 

intent and with requirements for the reliability and availability of equipment.  

NS-G-2.6:  

6.1. Appropriate arrangements should be made for the orderly collection of records and the 

production of reports on MS&I activities. Records and reports are necessary to provide 

objective evidence that the MS&I programme is being implemented fully and in accordance 

with the quality assurance programme. In addition, records such as equipment history cards 

and the results of MS&I work are necessary inputs to the continuing review of the 

effectiveness of these activities, which should be a responsibility of the MS&I group. 

Another important use of these records is for the generation of data for reliability studies and 

plant lifetime management. 



 

 

 

MAINTENANCE 23 

NS-G-2.6 

6.12. Historical records of MS&I should be periodically reviewed and analyzed in order to 

identify any adverse trends in the performance of equipment or persistent problems, to assess 

impacts on system reliability and to determine root causes. The information thus obtained 

should be used to improve MS&I programmes and should be taken into account in the ageing 

management programme. 

NS-G-2.6 

6.13. Arrangements for the feedback of MS&I experience should include, but are not limited 

to, the following: 

…… 

 (e) Ensuring the retrievability of data and the proper transfer of relevant information to the 

appropriate persons or organizations. 
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4.5. CONDUCT OF MAINTENANCE WORK 

4.5 (1) Issue: In a few instances, workers performing maintenance activities do not 

implement human performance techniques to prevent errors including not following some 

procedures in accordance with station standards. 

  The team noted the following: 

 During work to replace a Reactor Regulating System (RRS) Ion Chamber Amplifier a 

technician using a continuous use procedure did not follow procedure steps exactly as 

written and did not stop and contact his supervisor before performing steps out of 

order. Steps 4.11.7 through 4.11.11 of procedure NK29-CMP-63715-00001 were not 

followed as written.  

 During maintenance activities on a boiler level control transmitter under procedure 

NK29-CMP-64323-00003, technicians did not follow the continuous use procedure 

exactly as written resulting in potential over tightening of tubing connections.  Step 

4.2.11 was not performed to reference procedure B-MP-74530-00002 for making 

tubing connections when reinstalling the transmitter.   

 While performing the as left calibration of an air operated valve under procedure B-

CMP-60460-00001 Rev 5, workers did not follow a reference use procedure exactly 

as written when they did not record data in appendix F as stated in step 4.5.5.  

Additionally workers did not follow work instructions exactly as written and did not 

reference appendix A as written in step 4.6.10 to analyse data. 

 During the as left calibration of an air operated valve, using procedure B-CMP-

60460-00001 Rev 5, workers did not stop and mark step 4.5.3 as being completed 

when the step was not performed.   

 During calibration of a boiler level transmitter, workers did not consistently practice 

3-way communication when adjusting calibration set points and reporting calibration 

results.  

 During as left calibration of an air operated valve, workers did not use three-way 

communication practices when directing activities and communicating results. 

 During installation of a RRS Ion Chamber Amplifier, the technician did not maintain 

situational awareness and bumped a knob on a zone control card located below the 

amplifier slot while installing the replacement amplifier. 

Not following procedures exactly as written and not using human error prevention techniques 

can result in rework or errors that challenge equipment reliability or cause events and 

increase the potential of injury to personnel. 

Recommendation: The plant should establish enhanced measures to ensure that maintenance 

workers comply with station standards for procedure adherence and enforce expectation for 

use of human performance techniques to prevent events. 

IAEA Basis: 

SSR-2/2 Requirement 8 

4.28. Written communication shall be preferred and spoken communication shall be 

minimized. If spoken communication is used, attention shall be given to ensuring that spoken 

instructions are clearly understood.  
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SSR-2/2 Requirement 8  

4.29. Aspects of the working environment that influence human performance factors (such as 

work load or fatigue) and the effectiveness and fitness of personnel for duty shall be 

identified and controlled. Tools for enhancing human performance shall be used as 

appropriate to support the responses of operating personnel.  

 

SSR-2/2 Requirement 31;  

8.9. An adequate work control system shall be established for the protection and safety of 

personnel and for the protection of equipment during maintenance, testing, surveillance and 

inspection. Pertinent information shall be transferred at shift turnovers and at pre-job and 

post-job briefings on maintenance, testing, surveillance and inspection.  

NS-G-2.6:  

2.11. The objectives of the surveillance programme are: to maintain and improve equipment 

availability, to confirm compliance with operational limits and conditions, and to detect and 

correct any abnormal condition before it can give rise to significant consequences for safety. 

The abnormal conditions which are of relevance to the surveillance programme include not 

only deficiencies in SSCs and software performance, procedural errors and human errors, but 

also trends within the accepted limits, an analysis of which may indicate that the plant is 

deviating from the design intent. 

NS-G-2.6:  

4.30. All relevant personnel should be made aware of the importance to safety of the tasks 

that they perform for MS&I and of the potential consequences for safety of technical, 

procedural or human errors. Experience of faults and hazards caused by errors in MS&I 

procedures and practices at the nuclear power plant concerned or at other plants, and in other 

potentially hazardous industries, should be reviewed and incorporated into personnel training 

programmes as appropriate. 

NS-G-2.6: 

5.36. The review programme should examine the MS&I programme for features such as: 

 adequacy of the schedule and its implementation; 

 the response of MS&I to requirements; 

 adequate control of radiation exposure; 

 availability and effective use of resources; 

 levels of training, experience and competence; 

 compliance with quality assurance requirements; 

 adequacy of procedures and instructions; 

 effectiveness of the reviewing function within the programme; 

 equipment failures and their impact on plant operations; 

 repetitive corrective work on the same or similar equipment; 

 number and types of deferred and missed actions; 

 human resources needed and consumption of spare parts; 

 adequacy of tools, equipment and facilities; 

 accessibility of plant equipment, or layout problems; 

 human errors and their impact on plant operation. 



 

 

 

MAINTENANCE 26 

4.6. MATERIAL CONDITIONS  

4.6 (1) Plant Self-Identified Issue: Fluid Leak Management 

At the present time, the plant is not completing the repairs of all the low risk fluid leaks in a 

timely manner resulting in a backlog of degrading conditions on plant equipment. 

The Fluid Leak Program BP-PROC-00673 provides procedural governance and oversight 

which includes a maintenance program quarterly scorecard on performance.  The Corporate 

Functional Area Manager (CFAM) prepares this scorecard and provides general programme 

oversight. The plant Functional Area Manager is responsible for program implementation and 

ensures repairs are effected.  Many leaks are repaired in a timely manner by the Fix-It-Now 

(FIN) Team; however, more complex leaks requiring system or component outages are 

addressed using the online and outage work management processes. 

The current state process requires that leaks be identified, tagged and filed by Operations 

staff.  Leak repair priority uses a graded approach with the most significant leaks, category 

four and five, scheduled and repaired with a high priority.  The leaks in category zero to three 

are minor in nature and present low risk to equipment reliability.  These leaks comprise the 

majority of the leak backlog.  Performance metrics are in place for identification and trending 

of the leaks, scheduling corrective work orders and execution of the repairs.  In addition, an 

aggregate assessment of the impact of the leaks is done. 

The main areas for improvement of the Fluid Leak Management Program are: 

1) Providing high standard catch containment and establishing a routine monitoring 

program to mitigate the immediate risk to personnel and plant equipment 

2) Eliminating all of the category 4 and 5 leaks (most significant) 

3) Scheduling the leaks for repair on the work management process. 

OSART team comments: During the mission the team observed several areas with new and 

long standing leaks which have not been properly identified and added to the existing leak 

management program for tracking and resolution.  

Plant Vision: The plant will have a world class Fluid Leak Management Program that is 

effective at identifying, tracking and repairing leaks and systematically assessing, scheduling 

and eliminating hazards associated with leaks in the plant. 

Plant Objective: The plant will develop and implement a fluid leak management programme 

that strives to eliminate the category 4 and 5 leaks and reduce the overall backlog of leaks in 

alignment with industry standards. In addition, there will be a documented log of all leaks 

which are identified and tagged in the field. 

Plant Action Plan: 

WHAT WHO WHEN 

Maintenance to submit scope to repair Unit 8 and Unit 7 

fluid leaks during planned outages in 2016. 

Maintenance 1 August 

2016 

Complete the scheduling of category 3 leaks.   Maintenance 21 January 

2016 
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Eliminate the D2O leak outside containment.  Work order 

1852884 to replace 6-38910V2. 

Maintenance 30 April 2016  

Implement Flex Work Program being developed by Work 

Management to provide a Minor Maintenance Process to 

assess, procure materials and complete leak repairs when 

scheduled work cannot be completed during the work 

week. 

Maintenance 30 August 

2016 

Develop the Fluid Leak Management Program to integrate 

into the Major Component Refurbishment Projects by 

component type or failure mode. 

Maintenance 30 June 2016 

IAEA Basis: 

SSR-2/2  

Requirement 28: Material conditions and housekeeping  

The operating organization shall develop and implement programmes to maintain a high 

standard of material conditions, housekeeping and cleanliness in all working areas.  

7.10.Administrative controls shall be established to ensure that operational premises and 

equipment are maintained, well-lit and accessible, and that temporary storage is controlled 

and limited. Equipment that is degraded (owing to leaks, corrosion spots, loose parts or 

damaged thermal insulation, for example) shall be identified, reported and corrected in a 

timely manner.  

NS-G-2.14 

4.35. Personnel assigned the task of carrying out rounds should be made responsible for 

verifying that operating equipment and standby equipment operate within normal parameters. 

They should take note of equipment that is deteriorating and of factors affecting 

environmental conditions, such as water and oil leaks, burned out light bulbs and changes in 

building temperature or the cleanness of the air. Any problems noted with equipment should 

be promptly communicated to the control room personnel and corrective action should be 

initiated. 

4.36. Factors that should typically be noted by shift personnel include: 

 Deterioration in material conditions of any kind, corrosion, leakage from components, 

accumulation of boric acid, excessive vibration, unfamiliar noise, inadequate 

labelling, foreign bodies and deficiencies necessitating maintenance or other action;… 

6.20. Plant housekeeping should maintain good conditions for operation in all working areas. 

Working areas should be kept up to standard, well lit, clean of lubricants, chemicals or other 

leakage and free of debris;…  
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5. TECHNICAL SUPPORT 

5.1. ORGANIZATION AND FUNCTIONS 

Design Engineering division has implemented an effective project controls system to manage 

the work of engineering staff and vendors (contractors). All work in the division is planned, 

scheduled and executed such that key requirements are achieved ensuring modifications 

perform as intended and providing a factual basis to measure performance.  A strong resource 

management system has been established. This system ensures trained and capable 

engineering resources are available to the plant in a timely manner.  The team recognized this 

as good performance. 

The plant has implemented several new and innovative reactor inspection tools that have 

contributed to safe and reliable continued operation of its units. Collectively, through innovative 

designs, the reactor inspection tools eliminate the need for ice plugs, reducing the instantaneous 

Severe Core Accident Damage frequency by 2.9% for outages while significantly reducing 

radiation dose to personnel and increasing reactivity margins. Development and implementation 

of the innovative reactor inspection tools have been recognized by the team as a good practice. 

5.2. PERIODIC SAFETY REVIEW 

The plant is still in the process of completing its first full scope Periodic Safety Review (PSR) 

using the latest national and international standards. Without completing the full scope PSR 

covering all safety factors, there is a potential that the plant could fall behind making 

improvements to meet international safety standards. The team made a suggestion in this area. 

5.6  SURVEILLANCE PROGRAMME 

The plant has used operational experience feedback from India regarding primary heat 

transport leaks from closure plugs. The external experience was used to develop a new tool to 

identify and replace leaking fuel channel closure plugs. The reduced primary coolant leakage 

resulted in dose reduction and improved safety margins.  The team recognized this as good 

performance. 

5.7. PLANT MODIFICATION SYSTEM 

Bruce Power has a robust engineering change control process that is well documented and 

used on a consistent basis to ensure that any design changes that affect safety are not 

completed without ensuring that all operating documentation is updated. However, the plant 

has found some cases where station configuration control processes were not robust enough 

to ensure amended assumptions in the safety analysis report were reflected in  all relevant 

operational plant procedures.  The plant itself proposed actions to deal with these deficiencies 

and prepared a self-identified issue. 
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DETAILED TECHNICAL SUPPORT FINDINGS 

5.1. ORGANIZATION AND FUNCTIONS 

5.1 (a) Good Practice: The plant has implemented several new and innovative reactor 

inspection tools that have contributed to safe and reliable continued operation of its units 

Examples of new innovative tooling systems include: 

The Bruce Reactor Inspection and Maintenance System (BRIMS), which replaces three 

existing, remotely operated machines used to perform fuel channel inspection and 

maintenance work, establishes a common delivery and inspection process that can be 

deployed and utilized during planned outages.  When fully commissioned, the system results 

in reducing dose by 71% or 26 Rem and reducing inspection time by 73% or 27.4 days for a 

standard outage inspection campaign.  Dose reductions and time savings are realized from 

improved deployment methods and reduced duration of in-vault work, craning and 

inspection. 

Use of Circumferential Wet Scrape Tool (CWEST) automates the collection of reactor core 

samples for deuterium measurement improving reactor safety by eliminating the need for ice 

plugs to establish the coolant system pressure boundary thus reducing severe core damage 

frequency by 2.9% and reducing worker radiation exposure by more than a factor of three (15 

mSV per channel).  

Modal Detection and Relocation (MODAR) system that locates and repositions reactor core 

components to ensure safety margins are maintained.  This system is the first in the world to 

perform this function and is applicable to CANDU reactors built after Bruce Unit 8.   
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5.2. PERIODIC SAFETY REVIEW 

5.2 (1) Issue: The plant is still in the process of completing its first full scope Periodic Safety 

Review (PSR) using the latest national and international standards. 

The team noted the following: 

 Bruce A performed Integrated Safety Review (ISR) in 2004 for unit 3 and 4, later for 

units 1 and 2 and finally for all units 1-4. Programme level findings and important 

modifications based on Bruce A ISR were also implemented in Bruce B but no ISR 

was performed for Bruce B. 

 

 For license renewal in 2015, a partial PSR was performed for six of the fourteen 

safety factors addressed in the IAEA Safety Standard SSG-25. The report is done for 

each safety factor separately and a global assessment included in a Safety Basis 

Report. Seventeen global corrective actions were identified for the six safety factors 

in total. 

 

 During the next license renewal (2020), all 14 Safety Factors will be reviewed as 

requested by REGDOC 2.3.3 issued in April 2015 by CNSC which is consistent with 

IAEA SSG-25.  The plant is planning to prepare its first PSR report by the end of 

2016. Furthermore, the plant will use a wide range of regulations and standards to 

review plant safety including 84 Canadian, but only 12 international documents.  

Without completing the full scope PSR covering all safety factors, there is a potential that the 

plant will fall behind making improvements to meet international safety standards. 

Suggestion: The plant should consider completing in a timely manner the full scope PSR 

using the latest national and international regulations and standards.  

IAEA Bases: 

SSR-2/2  

4.44. Safety reviews, such as the periodic safety reviews or alternative arrangements shall be 

carried out throughout the lifetime of the plant, at regular intervals and as frequently as 

necessary, typically no less frequently than once in 10 years. Safety reviews shall address, in 

an appropriate manner, the consequences of the cumulative effects of plant ageing and plant 

modification, equipment requalification, operating experience, including national and 

international operating experience, current national and international standards, technical 

developments, and organizational and management issues, as well as site related aspects. 

Safety reviews shall be aimed at ensuring a high level of safety throughout the operating 

lifetime of the plant. 

SSG-25 

2.5. On the basis of international experience, it is reasonable to perform a PSR about ten 

years after the start of plant operation, and then to undertake subsequent PSRs at ten year 

intervals until the end of operation. Ten years is considered to be an appropriate interval for 

such reviews in view of the likelihood, within this period, of the following: 

- Changes in national and international safety standards, operating practices, 

technology, underlying scientific knowledge or analytical techniques; 
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- ….. 

2.9. The objective of PSR is to determine by means of a comprehensive assessment: 

- … 

- The extent to which the plant conforms to current national and/or international safety 

standards and operating practices; 

- …. 

2.13. The 14 safety factors recommended in this Safety Guide are listed in the following and 

described in detail in Section 5:  

Safety factors relating to the plant  

(1) Plant design;  

(2) Actual condition of structures, systems and components (SSCs) important to safety;  

(3) Equipment qualification;  

(4) Ageing.  

Safety factors relating to safety analysis  

(5) Deterministic safety analysis;  

(6) Probabilistic safety assessment;  

(7) Hazard analysis. 

 Safety factors relating to performance and feedback of experience  

(8) Safety performance;  

(9) Use of experience from other plants and research findings.  

Safety factors relating to management  

(10) Organization, the management system and safety culture;  

(11) Procedures;  

(12) Human factors;  

(13) Emergency planning.  

Safety factors relating to the environment  

(14) Radiological impact on the environment.  

4.5. Before the review work is started, a number of prerequisites should be satisfied. The 

main prerequisite is an agreement between the operating organization and the regulatory body 

as to the scope and objectives of the PSR, including current national and international 

standards and codes to be used…. 
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4.7. The PSR should apply all relevant national safety regulations and standards. Other 

requirements such as international safety standards and operating practices, and national or 

international guides should be met to the fullest extent practicable… 
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5.7. PLANT MODIFICATION SYSTEM  

5.7 (1) Plant Self- Identified Issue: Plant Configuration Control 

Bruce Power has a robust engineering change control process that is well documented and 

used on a consistent basis to ensure that any design changes that affect safety analysis are not 

completed without ensuring that all operating documentation is updated. However, the plant 

has found some cases where station processes were not robust enough to ensure assumptions 

in the safety analysis integration into configuration control of operational plant procedures. 

OSART team comments: During the mission, the team noted that there were insufficient 

controls in place to ensure that Severe Accident Management Guidelines (SAMG) available 

in the Emergency Operations Center (EOC) were the most current revision. In addition, the 

absence of a signed document was observed in some instances, requiring confirmation of the 

latest revision in the electronic database prior to use. This is not practical in the event the 

documentation is required in an emergency.   

Plant Vision: The safety analysis of record, the plant design basis and all supporting 

compliance operating documentation shall be maintained in agreement at all times.   

Plant Objective: Design and operating documents are updated in an accurate and timely 

manner when changed by safety analysis.  The plant will measure this with indicators for 

unincorporated changes and procedure compliance. 

Plant Action Plan: 

Action 

Ref# 

WHAT WHO WHEN 

1 Provide oversight via a Configuration 

Management CFAM Peer Group focus 

group meeting, monthly to track and 

provide visibility on resolution progress.   

Configuration 

Management 

Corporate Area 

Functional Manager 

Monthly; on-
going 

2 Issue governance to control 

implementation of safety analysis 

leveraging the existing Engineering 

Change Control process.  The 

Configuration Information Change 

(CIC) process [BP-PROC-00542] is 

being used as a model.  

Engineering Complete 

3 Complete an extent of condition review 

of all analyses completed and/or planned 

since issuance of its relevant Operation 

Safety Requirements (OSR).  The focus 

of this review is for impacts on 

operational or design requirements or 

limits that have not yet been 

communicated to station operations or 

the design organization.   

Reactor Safety 

Engineering 

31JUL2016 
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IAEA Basis: 

SSR- 2/2 

Requirement 10: Control of plant configuration  

The operating organization shall establish and implement a system for plant configuration 

management to ensure consistency between design requirements, physical configuration and 

plant documentation.  

4.38. Controls on plant configuration shall ensure that changes to the plant and its safety 

related systems are properly identified, screened, designed, evaluated, implemented and 

recorded. Proper controls shall be implemented to handle changes in plant configuration that 

result from maintenance work, testing, repair, operational limits and conditions, and plant 

refurbishment, and from modifications due to ageing of components, obsolescence of 

technology, operating experience, technical developments and results of safety research.  

NS-G-2.2 

10.4. Methods of configuration management should be used when modifying OLCs or OPs to 

ensure that other documents remain consistent with the modified OLCs and OPs. In 

particular, there should be a mechanism to track from the safety analysis through the OLCs to 

the implementing procedures, in order to aid configuration control and to avoid the accidental 

deletion or retention of an OLC or its accidental application. 
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6. OPERATING EXPERIENCE FEEDBACK 

6.2. REPORTING OF OPERATING EXPERIENCE 

The Station Condition Record (SCR) process is well established at the plant and identified by 

the staff and the contractors as the means to document an adverse condition. The interface 

between the SCR process and the work management process for reporting equipment failures 

or deficiencies however is not clear. This situation may generate additional work for the staff 

and challenge the trending process. The team encourages the plant to precisely communicate 

its expectations regarding the need to initiate a SCR and a work request in case of equipment 

failures, deficiencies or degradations. 

The plant decided to tag some SCR as “Good catches”. The list of “Good catches” is shared 

between the managers. Feedback is then given by managers to the initiators of “Good 

catches”. This is a good encouragement for employees to report all events including low-level 

events and near-misses. The team recognised this as a good performance. 

6.3. SOURCES OF OPERATING EXPERIENCE 

A comprehensive programme to address WANO SOER has been initiated. In addition to a 

gap analysis and the definition of an action plan for each SOER, the plant organises 

effectiveness reviews and identifies SCR related to each specific SOER (e.g. WANO SOER 

2013-01, Operator Fundamentals). The team recognized this as a good performance. 

6.5. INVESTIGATION AND ANALYSIS 

The plant has a comprehensive and robust process as well as skilled and trained staff to 

perform the investigations and analyses. Overall 15% of adverse conditions identified in 2015 

generated corrective actions. However, the team observed that less than 0.5% of the adverse 

conditions at the plant were investigated in 2015 using a root cause or apparent cause 

analysis. The effectiveness review actions are assigned to the corrective actions which 

address the root cause. In 2015, only programmatic weaknesses were identified as root 

causes. Without assigning effectiveness review actions to some contributing causes, the plant 

could miss the opportunity to assess the effectiveness of corrective actions which address 

organisational and human performance issues. The team noticed also that the safety impact of 

events was not always detailed in the root cause and apparent cause analyses. The team made 

a suggestion in this area. 

6.6. CORRECTIVE ACTIONS 

Definition and realisation of corrective actions have been significantly improved thanks to the 

development of computer based training. The first module of the training is focused on 

writing SMART actions i.e. actions which are Specific, Measurable, Achievable, Realistic 

and Timely. The second module of the training covers the quality of the completion notes to 

make sure that realisation of the action matches the assignment. The team recognised this as a 

good performance. 

6.8. TRENDING AND REVIEW OF OPERATING EXPERIENCE 

The trending methodology of the plant does not use threshold values to identify deviations. 

Trend identification from trend graphs may not be sufficiently robust to catch all deviations. 

The plant is encouraged to benchmark with other nuclear power plants which have already 

developed robust methodologies of analysis based on threshold values. 
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DETAILED OPERATING EXPERIENCE FEEDBACK FINDINGS 

6.5. INVESTIGATION AND ANALYSIS 

6.5 (1) Issue: The plant event analysis and investigations are not always adequately and 

timely performed. 

The team noted the following: 

 Although many different operational event analyses were performed in 2015 , from 

more than 11,000 Station Conditions Records (SCR) in 2015, the plant assigned only 

6 Root Cause Investigations 31 Apparent Cause Evaluations (ACE) and  14 Common 

Cause Analyses.  

 All the Root Cause Investigations assigned and completed in 2015 identified root 

causes that were categorized as programmatic weaknesses. The effectiveness review 

actions were correctly assigned to the corrective actions to prevent recurrence 

(CAPR) which address the root cause. There is no effectiveness review action for 

contributing cause corrective actions which for instance covered organizational or 

human performance weaknesses. 

 In Root Cause Investigation #28497017, there is no corrective action documented to 

address the issue of limited Fuel Handling knowledge and/or experience of Shift 

Managers (SM) and Control Room Shift Supervisors (CRSS) which adversely affect 

their ability to provide assistance to the fuel handling operators. 

 None of the Root Cause Investigation completed in the last 3 years detected an OPEX 

preventable event. Events will be considered as OPEX preventable events only if they 

should have been prevented as a result of a previous Root Cause Investigation 

conducted within the last 3 years, at the non-affected station, or by proper response to 

previous WANO SOERs, SERs and INPO IERs level 2 at the affected station. 

 The Root Cause Investigations and the Apparent Cause Evaluations do not always 

detail the safety impact including the worst case scenario under the nuclear safety 

evaluation section. 

 10 out of 31 Apparent Cause Evaluations have been rejected by the Corrective Action 

Review Board (CARB) or the Management Review Meeting (MRM) in 2015 due to 

quality deficiencies. 

 The completion of 10 out of 31 Apparent Cause Evaluations has not been performed 

within the 40 day time frame set by the plant. 

 In the plant analysis entitled “Quality of Apparent Cause Evaluations is below target” 

(#28512341), it is stated that “some managers and staff appear to consider requesting 

an extension less desirable than risking ACE rejection when quality problems are 

pointed out close to the due date”. 

Without having event analysis and investigations adequately and timely completed, the 

causes of events may not be adequately addressed, leaving the plant vulnerable to repeat 

events that could degrade nuclear safety. 

Suggestion: The plant should consider improving event analysis and investigations to 

adequately address causes of events in a timely manner. 
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IAEA Basis: 

SSR-2/2 - Requirement 24 

5.28. Events with safety implications shall be investigated in accordance with their actual or 

potential significance. Events with significant implications for safety shall be investigated to 

identify their direct and root causes, including causes relating to equipment design, operation 

and maintenance, or to human and organizational factors. The results of such analyses shall 

be included, as appropriate, in relevant training programmes and shall be used in reviewing 

procedures and instructions. Plant event reports and non-radiation-related accident reports 

shall identify tasks for which inadequate training may be contributing to equipment damage, 

excessive unavailability of equipment, the need for unscheduled maintenance work, the need 

for repetition of work, unsafe practices or lack of adherence to approved procedures. 

NS-G-2.4 

6.64. The operating experience at the plant should be evaluated in a systematic way, 

primarily to make certain that no safety relevant event goes undetected. Low level events and 

near misses should be reported and reviewed thoroughly as potential precursors to degraded 

safety performance. Abnormal events important to safety should be investigated in depth to 

establish their direct and root causes. Methods of human performance analysis should be used 

to investigate human performance related events. The investigation should result in clear 

recommendations to plant management, which should take appropriate corrective action 

without undue delay to prevent recurrence. 

NS-G-2.11 

4.3. The level of the investigation carried out should be commensurate with the consequences 

of an event and the frequency of recurring events. Significant factors that would influence the 

magnitude of an investigation may include the following: 

 The consequences of the event and the extent of damage to systems, structures and 

components; 

 Any injury to on-site personnel; 

 Whether a similar occurrence has taken place earlier at the same installation or at an 

installation of a similar type; 

 Whether a significant radiological release or an overexposure of personnel has 

occurred; 

 Whether plant operation exceeded the operational limits and conditions or was beyond 

the design basis of the plant; 

 Whether there is a pattern that is complex, unique or not well enough understood. 

4.7. Event analysis should be conducted on a timescale consistent with the safety significance 

of the event. The main phases of event analysis can be summarized as follows: 

 Establishment of the complete event sequence (what happened); 

 Determination of the deviations (how it happened); 

 Cause analysis: 

 Direct cause (why it happened); 

 Root cause (why it was possible); 

 Assessment of the safety significance (what could have happened); 

 Identification of corrective actions. 
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4.8. At the plant level, as well as at the level of the regulatory body, several follow-up 

activities should be undertaken after the analysis of an event. These activities comprise 

documentation of the analysis of the event and storage of the documentation, dissemination 

of significant results, and monitoring of the implementation of corrective actions and 

assessment of their effectiveness. 

5.2. The development of recommended corrective actions following an event investigation 

should be directed towards the root causes and the contributory causes, and should be aimed 

at strengthening the weakened or breached barriers that failed to prevent the event. Personnel 

at nuclear installations are responsible for implementing corrective actions promptly and 

effectively. A sense of personal interest or ‘ownership’ should be promoted by involving the 

members of the organization’s event investigation team in formulating the corrective actions 

to be recommended. 
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7. RADIATION PROTECTION 

7.3. RADIATION WORK CONTROL 

The creation of radiological work packages uses historical radiological data to determine dose 

rate and dose limits and associated protection equipment to be used with the task. The plant 

uses information retrieved from a database known as the Radiation Hazard Information 

System (RHIS). The data for this system is provided by plant staff working within an 

extensive self-protection model. The result is a significant increase in the amount of useful 

data being available on the database. The team recognised this as a good performance. 

7.4. CONTROL OF OCCUPATIONAL EXPOSURE 

The plant operates a zonal system based on radiological risk. The plant has additional areas 

for control of contamination and designated areas for the storage of radioactive materials. 

Elevated dose rates on pipework in specific areas are identified by ‘hot spot’ notices. These 

areas are periodically reviewed and signs are being updated by use of a gamma camera with a 

pictorial view of the area. The team identified this as a good practice. 

There is a detailed programme in place, including a detailed five year plan, to support dose 

reduction. Additional support has been provided by the radiation protection team in 

significant dose reduction opportunities during recent outages. The development of specific 

shielding opportunities and major project development specifically in the area of reactor 

inspection equipment have resulted in a significant dose reduction in these areas. The team 

recognised this as a good performance. 

Radioactive systems within the plant are identified by colour coding dependant on the 

material the system contains, however some systems are not clearly identified. All temporary 

areas and ‘hot spots’ are controlled with temporary barriers and signage. However, 

information on barrier dose rates is not available. The team made a suggestion in this area. 

7.5. RADIATION PROTECTION INSTRUMENTATION, PROTECTIVE CLOTHING 

 AND FACILITIES 

The plant utilises numerous instruments as part of its self-protection model recording 

imperial and scientific units in notifications. This may lead to misinterpretation of results. 

The team encourages the plant to consider standardizing instrument to scientific notification 

to align with training standards, currently being used at the site.   

7.6. RADIOACTIVE WASTE MANAGEMENT AND DISCHARGES 

At each zonal whole body monitor there is a flameproof bin marked as radioactive waste. 

These bins currently contain general waste, indicating waste is not adequately segregated. 

The team encourages the plant to further improve the ongoing programme of radioactive 

waste segregation and reduction.    
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DETAILED RADIATION PROTECTION FINDINGS 

7.4  CONTROL OF OCCUPATIONAL EXPOSURE   

7.4 (a) Good Practice: The plant uses an advanced Gamma camera to promote radiation area 

identification and shielding opportunities.  

The Gamma camera is a new type of gamma detector that combines gamma spectroscopy, 

high-resolution photos and directional gamma imaging. It produces a ‘heat map’ of the 

radiation source superimposed over the camera image, which has numerous applications, and 

potential applications, and benefits such as: 

 Fast, portable and easy to use imaging spectrometer 

 Rapidly identifies and locates primary source terms 

 Real-time spectroscopy, ID and imaging 

 Quickly identifies multiple radionuclides and overlays the radiation ‘heat map’ over a 

high-resolution photo 

 Energy range covers isotopes of interest up to 3 MeV 

 Quick set up time – less than two minutes 

 Preliminary imaging in about a minute, high resolution five to 10 minutes, depends on 

dose rate 

This camera allows for the posting of ‘heat map’ photos near key radiation work areas to 

provide workers with a better understanding of the primary source in the area. This helps 

develop the workers’ mental models about where the source is and gives them the 

opportunity to avoid it.  

The camera can be incorporated into a  plant’s routine survey program to track hot spots. The 

camera can also be used to evaluate the use of shielding to identify if there is any streaming, 

and also used to help in decontamination of rooms/components and long-term investigation 

into plant degradation due to ambient dose rates.  
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7.4 (1) Issue: Radiological information is not always adequately used to promote radiological 

awareness. 

The team noted the following: 

 Contaminated ventilation plant system is not marked with trefoil signage to indicate 

radioactive plant. This is applicable for all radioactive systems, although it was noted 

that some of the systems are colour coded. 

 Posting notices contain maximum dose rate information on contents in storage areas 

but do not contain dose rates at barriers.  

 Posting notices in respect of ‘hot spots’ do not clearly identify exact location of ‘hot 

spot or maximum dose rates at temporary barriers. 

 Portable Radiation protection equipment is not source checked following use to 

validate survey data. 

 The type of Radiation protection equipment and the confirmation of source checks 

information are not recorded on survey sheets or electronic data to confirm 

requirements of radiological information required by radiological documentation. 

Without accurate radiological information to plant staff, human errors could lead to 

inadvertent exposure. 

Suggestion: The plant should consider taking actions to strengthen radiological awareness 

within the areas of plant where this is required. 

IAEA Basis: 

GSR Part 3     

2.52 (b) (i).  Appropriate equipment, safety systems and procedural requirements are provided 

and other necessary provision is made to reduce, as far as practicable, the possibility that human 

errors or inadvertent actions could give rise to accidents or to other incidents leading to the 

exposure of any person. 

GSR Part 3 

3.92 (c).  Shall periodically review conditions to assess whether there is any need for further 

measures for protection and safety or any needs for changes to the boundaries of supervised 

areas.  

RS-G-1.1  

5.23 (c). Display a warning symbol, such as that recommended by the International 

Organization for Standardization (ISO) 12 and appropriate instructions at access points and 

other appropriate locations within controlled areas. 

RS-G-1.1  

5.23 (h).  …‘Shall periodically review conditions to determine the possible need to revise the 

protection measures or safety provisions, or the boundaries of controlled areas. 

RS-G-1.1  
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5.86 (c).  Management should determine the particular aspects of workplace monitoring that 

are to be recorded, having regard to the requirements of the BSS: “Records shall be 

maintained of the results of monitoring and verification of compliance” (Ref. [2], para. 2.40). 

Management “shall keep appropriate records of the findings of the workplace monitoring 

programme which shall be made available to workers, where appropriate through their 

representatives” (Ref. [2], para. I.40). It is important to record data that: (c) Give details of 

radiation surveys, e.g. date, time, location, radiation levels, instruments used, surveyor, other 

comments. 
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8. CHEMISTRY 

8.1. ORGANIZATION AND FUNCTIONS 

The plant is using a chemistry and environment communication log document to provide up-

to-date information about the chemistry condition of the plant. It contains current information 

about chemistry safety issues, online and laboratory instrument availability and work 

management tasks. The added value of the communication log is that it puts focus on actions 

needed during shift turnovers. The team identified this as a good performance.  

 

8.2. CHEMISTRY PROGRAMME 

The plant chemistry surveillance program ensures that the primary and secondary side 

chemistry parameters are within specified limits. Although continuous sampling of boiler 

feed water is performed to assess the presence of D2O, continuous sampling of the boiler 

blow-down discharge to the lake is not done. Without strict control of all discharge paths, 

uncontrolled releases (not exceeding environmental/regulatory limits) could happen.  The 

team has made a suggestion in this area. 
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DETAILED CHEMISTRY FINDINGS 

8.2. CHEMISTRY PROGRAMME 

8.2 (1) Issue: An indirect method is used to measure activity content in the steam generator 

blow-down water. 

The team noted the following: 

 Steam generator blow-down water is discharged directly to the lake. The plant 

performs several blow-down routines every week. 

 Prior to the steam generator blow down water discharge into the lake, no delay tank 

exists. 

 No D2O (which correlates to tritium leakage into the steam generators) measurements 

are done from the blow-down water prior to release into the lake. 

 The laboratory analyses one grab sample daily from the blow-down water for 

environmental limits and chemistry control, but not for tritium. 

 Plant has several on-line D2O leak detection measurements from the steam generators 

but only from steam leaving the steam generators and main steam lines. 

Without strict control of all discharge paths, uncontrolled activity releases not exceeding 

environmental/regulatory limits could happen.  

Suggestion: The plant should consider directly measuring the radioactivity in the steam 

generator blow-down water. 

IAEA Basis: 

GSR Part 3 

3.33. The registrant or licensee shall take into account in the safety assessment: 

(a) Factors that could give rise to a substantial release of radioactive material, the measures 

available to prevent or to control such a release, and the maximum activity of radioactive 

material that, in the event of a major failure of the containment, could be released to the 

environment; 

(b) Factors that could give rise to a smaller but continuing release of radioactive material, and 

the measures available to detect and to prevent or to control such a release; 

RS-G-1.8 

6.2. Most of the data on the discharge of radionuclides from nuclear facilities are usually 

obtained by means of on-line measurements of the dose rate, activity concentration or total 

activity at the discharge point. Sampling and subsequent measurements of the air and water 

released, whether continuous or discontinuous, should be used mainly to determine the 

radionuclide composition of a discharge. If discharges are very low, on-line measurements 

may be insufficiently sensitive and sampling together with subsequent laboratory analysis 

may be necessary. 

6.3. The frequency of sampling should be determined with account taken of the results of 

previous monitoring of the particular facility or similar facilities so as not to miss significant 

changes in the radionuclide composition of the discharges. 
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5.18. For both airborne and liquid effluents three types of measurement are possible: 

(a) On-line monitoring of discharges; 

(b) Continuous sampling and laboratory measurements of activity concentrations in the 

sample; 

(c) Intermittent sampling and laboratory measurements of activity concentrations in the 

sample. 

5.19. The choice of the sampling and measurement procedures will depend on: 

(a) The characteristics and amounts of discharged radionuclides and the sensitivity of the 

measurement system; 

(b) The expected variation with time, if any, in the discharge rates of the radionuclides; 

(c) The likelihood of unplanned discharges requiring prompt detection and notification. 

3.3. On this basis, the responsibilities of operators for monitoring should be defined along the 

following: 

(a) Source monitoring referred to a specific practice or source within a practice that is under 

the responsibility of the particular operator (licensee or registrant) should be carried out by 

that operator in all phases of the programme, including monitoring in operational and post-

operational stages and in the event of an emergency. The operator should have the 

responsibility of establishing, carrying out and maintaining the appropriate equipment and 

programmes for the monitoring of discharges. 

3.1. In relation to the control of discharge practices, operators should have the following 

general responsibilities: 

(a) To prevent any unacceptable radiation or contamination hazard to the public resulting 

from a discharge practice; 

SSG-13 

3.4.(r) Discharges to the environment of radioactive material and chemical pollutants are 

ALARA and the impact of any changes in the chemistry regime or equipment on radioactive 

discharges is adequately and accurately analysed and fully understood (e.g. for production of 

tritium and 14C). 

3.1. Minimization of buildup of radioactive material and limiting of radioactive and chemical 

discharges to the environment. 
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EMERGENCY PREPAREDNESS AND RESPONSE 

9. EMERGENCY PREPAREDNESS AND RESPONSE 

9.2. EMERGENCY RESPONSE   

The team found that the overall emergency response arrangements of the plant are robust and the 

plant is implementing an ongoing improvement programme. However, during the mission the 

team noted the following:  

 

The plant’s arrangements to provide electronic dosimeters and personal protective equipment for 

the response personnel in emergency situations, and the accounting of site personnel not 

involved in the response should be enhanced. The team made a recommendation in this area. 

The classification of an emergency situation is the responsibility of the shift manager, who 

shall notify the off-site authorities. Although the notification of off-site authorities is among 

the priorities of the shift manager, the procedures, training and practice show that it might not 

take place promptly in an accident. The team made a suggestion in this area. 

The team recognized as a good performance the arrangements that ensure the quick and 

effective iodine prophylaxis in an emergency warranting the protective action: 

In 2015, the plant, in partnership with the Municipality of Kincardine and Grey Bruce Health 

Unit, greatly enhanced the availability of potassium iodide tablets (KI) to households and 

businesses in the Primary (10 km) and Secondary Zones (50 km). The tablets were provided 

in a user-friendly packaging and with other information important to nuclear emergency 

preparedness. A back-up contingency supply of KI is maintained at municipal emergency 

response centres. Information packages were mailed to Primary Zone residents and direct 

follow-up occurred through a variety of forums. The Bruce Power Visitors’ Centre played a 

key role as a focal point for anyone who wanted more information. Tablets were made 

available for pick-up at the Bruce Power Visitors’ Centre, at various information sessions and 

hand delivered or, sent through direct registered mail. Ongoing follow-up with seasonal 

residences occurs throughout the tourist seasons.  

For the secondary zone, stakeholder engagement occurred with Community Emergency 

Management Coordinators within the 50 km zone to raise awareness of the pre-distribution 

initiative. This ensured engagement and alignment with the 50 km pre-distribution strategy. 

Unique considerations were required for the aboriginal and religious communities. In 

addition, lunch-and-learn sessions were conducted at local medical clinics to raise awareness 

with family doctors and nurses. 

The strategy also included a Community Safety Guide mailed to all residents and businesses 

within the 50 km secondary zone. This Guide included emergency preparedness information 

for local regional hazards, information on pre-distribution of potassium iodide tablets and 

upgrades to public emergency notification tools. A detachable voucher enabled residents and 

business owners to obtain their tablets at participating local pharmacies. Toll-free 

teleconferences were scheduled for the public and additional information was made available 

through a newly developed Tri-County Emergency Preparedness website. 
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9.3. EMERGENCY PREPAREDNESS 

There is no filtered ventilation system in the Emergency Management Centre (EMC), which is 

located 3 km away from the plant; therefore after an accident with a radiological release the 

protection of the centre could become compromised from a radiological point of view. There are 

three alternate locations outside the primary zone and one mobile EMC available that would 

ensure the functions of the EMC. However the activation of, or movement to one of the 

alternates might delay the support function of the EMC to the plant emergency response. The 

team made a suggestion in this area. 

Offsite remote monitoring of the plant is comprised of a series of 44 static monitors that 

transmit gamma dose-rate data to a software application called NuPathNET. Data is 

transferred through the cellular network and would automatically switch to satellite phone 

back-up, if required. Each monitor is powered by batteries, with solar panels recharging the 

batteries. The team recognized this as a good practice. 

The team identified as a good performance that as a further enhancement of public alerting, a 

system known as Alert FM™ has been developed by the plant in close cooperation with the 

Municipal and Provincial authorities. In essence, using a small and inexpensive battery 

operated device, alarms and text messages can be transmitted using the FM radio spectrum. 

ALERT FM™ was pre-distributed through a door-to-door campaign to all residents, 

businesses, and institutions within the Primary Zone (10km); adding another level of 

redundancy and enhanced messaging ability. In addition to emergency notifications from the 

Municipality, ALERT FM™ is also connected to the National Alert Ready Alerting System, 

which broadcasts all Threat to Life Alerts. ALERT FM™ receivers will also be distributed to 

all Bruce Power mission-essential staff. The functionality of the ALERT FM™ receiver 

includes up to thirty pre-programmed groups based on types of information to be 

communicated. Therefore, unique messaging to Bruce Power employees on report-to-work 

requirements during drills, events and severe winter weather can be rapidly distributed. 
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DETAILED EMERGENCY PREPAREDNESS AND RESPONSE FINDINGS 

9.2. EMERGENCY RESPONSE   

9.2 (1) Issue: The protection of onsite personnel in an emergency situation is not sufficiently 

robust. 

The team noted the following: 

 The habitability study of the plant shows that after a four unit severe accident where 

Emergency Moderator Makeup (EMM) is not credited until after core collapse occurs 

leading to radioactive release, certain areas used for emergency response may become 

uninhabitable about 5-6 hours into the event. Although alternate locations exist, there 

is no continuous radiation monitoring to confirm worker safety or determine when 

movement to alternate locations should be initiated. Instead the plant relies on survey 

teams and portable gamma monitors to record the data for such determinations. 

Decisions to use alternate locations are controlled by the emergency operations centre. 

 Although there are over 1800 electronic personal dosimeters (EPDs) on site, most are 

used for normal work activities in the plant, with only 135 EPDs dedicated to 

emergency response personnel.  Redistribution to additional on-site and off-site 

emergency workers is possible, but this could take some time and the conditions for 

doing so are not clearly defined.  

 Procedures for sounding alarms and making the necessary public address 

announcements exist.  However, there are some specific announcements for multi-unit 

severe accidents requiring immediate actions that are not detailed within the 

procedure. 

 In a severe accident, there is not a sufficient stockpile of the necessary personal 

protective equipment to enable work in a contaminated environment without relying 

on unimpeded access to the supplies stored in the plant. This may cause a delay for 

additional on-site or off-site emergency workers who may be required to enter 

contaminated areas. 

 Dispersion calculations for severe accidents have not been completed for centre of site 

(common site area shared with Bruce A plant), therefore the results are not taken into 

account in the emergency plan. 

 There can be more than 2000 people working at the centre of site, where a manual 

accounting system is to be used during emergencies or during a site evacuation 

(dismissal). A similar manual accounting system in the plant was found previously 

prone to human errors and therefore will be enhanced with an electronic system. An 

example of a human error was experienced during the mission, when a person was not 

assigned to any assembly location upon entry in the plant. 

Without providing enhancements to protection of the onsite personnel they could be exposed 

to avoidable health risks in an emergency situation. 

Recommendation: The plant should enhance protection of onsite personnel in an emergency 

situation. 
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IAEA Basis: 

 

GSR Part 7 

5.41. The operating organization of a facility in category I, II or III shall make arrangements 

to ensure protection and safety for all persons on the site in a nuclear or radiological 

emergency. These shall include arrangements to do the following: 

(a) To notify all persons on the site of an emergency on the site; 

(b) For all persons on the site to take appropriate actions immediately upon notification of 

an emergency; 

(c) To account for those persons on the site and to locate and recover those persons 

unaccounted for 

... 

5.42. Arrangements as stated in para. 5.41 shall also include ensuring the provision, for all 

persons present in the facility and on the site, of:  

(a) Suitable assembly points, provided with continuous radiation monitoring; 

(b) A sufficient number of suitable escape routes; 

(c) Suitable and reliable alarm systems and other means for warning and instructing all 

persons present under the full range of emergency conditions. 

5.52. The operating organization and response organizations shall ensure that arrangements 

are in place for the protection of emergency workers and protection of helpers in an 

emergency for the range of anticipated hazardous conditions in which they might have to 

perform response functions. These arrangements, as a minimum, shall include: 

… 

(d) Provision of appropriate specialized protective equipment and monitoring equipment; 

... 

6.22. Adequate tools, instruments, supplies, equipment, communication systems, facilities 

and documentation (such as documentation of procedures, checklists, manuals, telephone 

numbers and email addresses) shall be provided for performing the functions specified in 

Section 5. These items and facilities shall be selected or designed to be operational under the 

conditions (such as radiological conditions, working conditions and environmental 

conditions) that could be encountered in the emergency response, and to be compatible with 

other procedures and equipment for the response (e.g. compatible with the communication 

frequencies used by other response organizations), as appropriate. These support items shall 

be located or provided in a manner that allows their effective use under the emergency 

conditions postulated. 
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GS-G 2.1 

Table 15 

Facility location Functions Characteristics 

Control room  For operational control of the 

facility, detection and 

classification of the 

emergency, and activation of 

the response organization. 

Non-operational functions 

should be transferred to other 

facilities as soon as possible. 

Access to data needed to 

detect and classify an 

emergency and to implement 

mitigating actions; provided 

with sufficient protection to 

remain habitable
a
 during 

major emergencies; provided 

with continuous monitoring 

of radiation levels; and 

provided with security to 

prevent unauthorized access. 
a
This should include provisions to monitor and control radiological exposures and contamination, to control 

other hazards (e.g. heat, air quality) and to meet human needs (e.g. with food, water and sanitary and sleeping 

arrangements) if the facility may be isolated for an extended period during an emergency. 
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9.2(2) Issue: The shift managers are not provided with procedural guidance to prioritize 

emergency classification. 

The team noted the following: 

 There is no time objective set in the shift manager’s emergency procedure for 

classification (categorization) of an emergency. 

 Priorities are not set up at the beginning of an emergency in the procedure for the shift 

manager to perform the categorization of the event.  

 The shift manager training provides the following priorities for such a case: Mitigate, 

Assembly, Casualty, Hazard assessment, Initial notification (“MACHI”). It is left to 

the shift manager’s discretion to determine how long to participate in the initial 

mitigation activities of the event, how to carry out the hazard assessment and what 

information should be taken into account. 

 Simulator training does not always effectively help the categorization in a timely 

fashion. 

 The current procedure recommends that the categorization be reviewed by the control 

room shift supervisor (if available). 

 During a simulator exercise the categorization of the event took approximately 30 

minutes. As a defence in depth action the shift manager’s priority was to ensure that 

containment structure was intact, that emergency cooling flow was adequate to the 

incident unit, and to get a status update on the incident unit from the control room 

shift supervisor. 

Without providing appropriate guidance to the shift manager to promptly classify an 

emergency, the off-site notification may be delayed. 

Suggestion: The plant should consider providing appropriate guidance to the shift manager to 

promptly classify an emergency to avoid any undue delay in offsite notification. 
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IAEA Basis:  

GSR Part 7 

5.17. For facilities and activities in categories I, II and III, and for category IV, arrangements 

shall be made: (1) to promptly recognize and classify a nuclear or radiological emergency; (2) 

upon classification, to promptly declare the emergency class and to initiate a coordinated and 

preplanned on-site response; (3) to notify the appropriate notification point (see para. 5.11) 

and to provide sufficient information for an effective off-site response; and (4) upon 

notification, to initiate a coordinated and preplanned off-site response, as appropriate, in 

accordance with the protection strategy. These arrangements shall include suitable, reliable 

and diverse means of warning persons on the site, of notifying the notification point (see 

paras 5.41–5.43, 6.22 and 6.34) and of communication between response organizations. 

GS-G-2.1 

4.1. The severity of nuclear emergencies has not always been initially recognized or 

comprehended by facility operators even when there were indisputable indications of the 

severity of the event [18, 30]. In some nuclear emergencies it has taken considerable time 

(hours to days) to select and implement various response actions, including urgent protective 

action for the public. In addition, in several emergencies it took considerable time to 

coordinate the response and this, in many cases, severely degraded the effectiveness of the 

on-site and off-site response. These failures have been attributed to the following: (1) 

emergency arrangements that did not address the full range of postulated emergencies; (2) 

procedures that lacked predetermined criteria as a basis for determining the severity of the 

event and making decisions about the response; (3) an absence of emergency arrangements 

(e.g. provision for prompt decision making) that could enable a coordinated response on and 

off the site within minutes to hours.  

4.2. Consequently, the Requirements [2] (para. 4.19) require the operator of a facility or 

practice in threat category I, II, III or IV to make arrangements for the prompt identification 

of an actual or potential nuclear or radiological emergency and determination of the 

appropriate level of response… 

TABLE 10. CLASS DESCRIPTION FOR EMERGENCIES AT FACILITIES. 

Emergency class 

description 

Immediate response actions, threat category I and II facilities 

General emergency 

 

Operator and on-site: 

— Take life saving actions and give first aid on the site; 

— Notify off-site officials; 

… 

Site area emergency Operator and on-site: 

— Take life saving actions and give first aid on the site; 

— Notify off-site officials; 

… 
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Facility emergency 

 

Operator and on-site: (see Ref. [43] for further guidance for 

radiotherapy facilities): 

— Take life saving actions and give first aid on the site; 

— Notify off-site officials and summon emergency services if 

needed; 

… 

Alert Operator and on-site: 

— Take life saving actions and give first aid on the site; 

— Notify off-site officials; 

… 
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9.3. EMERGENCY PREPAREDNESS 

9.3 (1) Issue: The plant emergency management centre may not provide sufficient radiation 

protection to personnel. 

The team noted the following: 

After a potential accident with a radiological release: 

 

 The habitability of the Emergency Management Centre (EMC) might be compromised 

due to lack of filtered ventilation system. 

 Although the EMC can be activated at, or be relocated to one of the three backup 

locations outside of the primary zone or to the mobile EMC, this may delay the 

emergency response. 

 This delay may cause the shift manager to further deal with the off-plant emergency 

response which would take time from supporting the on-plant response and this may 

delay the plant support by the EMC to the on-plant emergency team. 

Without providing sufficient radiation protection for the emergency management centre the 

support of the response at the station might be delayed. 

Suggestion: The plant should consider enhancing radiation protection in the emergency 

management centre to avoid any delay in supporting the emergency response at the plant. 

IAEA Basis:  

GSR Part 7 

6.25. For facilities in category I, emergency response facilities separate from the control room 

and supplementary control room shall be provided so that:  

... 

These emergency response facilities shall operate as an integrated system in support of the 

emergency response, without conflicting with one another’s functions, and shall provide 

reasonable assurance of being operable and habitable under a range of postulated hazardous 

conditions, including conditions not considered in the design. 
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GS-G 2.1 

Table 15 

Facility location Functions Characteristics 

Emergency operations  

Facility 

Coordination of the on-site 

and off-site response to an 

emergency warranting off-

site protective actions. 

Typically staffed by the 

director of the on-site 

response, the director of the 

off-site response and the 

incident commander. When 

the incident commander is 

present, this becomes the 

incident command post. 

Access to the information 

required to coordinate on-site 

and off-site response 

decisions; reliable 

communications with on-site 

and offsite response centres 

and organizations; 

continuous monitoring of 

radiation levels; security to 

prevent unauthorized access. 

If located within the UPZ, it 

should be provided with 

sufficient protection to 

remain habitable
a
 during an 

emergency or provided with 

a backup. Activation time: 

within 1 hour of declaration 

of a site area or general 

emergency. 

a
This should include provisions to monitor and control radiological exposures and contamination, to control 

other hazards (e.g. heat, air quality) and to meet human needs (e.g. with food, water and sanitary and sleeping 

arrangements) if the facility may be isolated for an extended period during an emergency. 

9.3 (a) Good Practice: Self-Sufficient Off-Site Remote Monitoring  

Offsite remote monitoring of the plant comprises a series of 44 static monitors that transmit 

gamma dose-rate data to a software application called NuPathNET. Each monitor operates 

independently. Each monitor transmits its data in near-real-time through the cellular network 

and would automatically switch to satellite phone back-up if required. Each monitor is 

powered by batteries, with solar panels recharging the batteries. NuPathNET provides a user-

friendly interface and also permits the data to be shared over the internet with anyone who is 

given access rights. Currently, the Bruce Power remote monitoring system provides its data 

to the province of Ontario, the regulator and health services. The monitors also provide basic 

weather data to assist with plume modelling. The system is in continuous use but also has a 

“training mode” where scenario data can be used to drive exercises and drills. In addition to 

the 44 static units, there are 8 mobile monitors that can be used to enhance coverage, 

compensate for any defective monitors, or used for unforeseen circumstances. The 44 

monitors provide excellent coverage on site and within the entire primary zone. Finally, the 

monitors provide not only dose-rate data but also detailed information on up to 18 different 

nuclides, as determined by the user. The next enhancement to the system will see 8 air 

samplers that will provide real time data on air particulate and iodine. The system is 

extremely rugged with no failures in 18 months despite the harsh climatic conditions that 

exist around the plant. 
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10. ACCIDENT MANAGEMENT 

10.1. ORGANIZATION AND FUNCTIONS 

Bruce Power participates on and chairs numerous Canadian Standards Association (CSA) 

Technical Committees and Sub-committees related to Accident Management, including 

among others Risk and Safety Management, General Requirements for Emergency 

Management, Probalistic Safety Assessment (PSA), Requirements for Beyond Design Basis 

Accidents, Standard on Environmental Qualification, Requirements for the Containment 

System, Requirements for Emergency Core Cooling Systems, and Design Procedures for 

Seismic Qualification of NPPs. 

The activities of the CANDU Owner Group (COG) cover programs for collaborative 

research, information exchange, joint projects and regulatory affairs. Following the 

Fukushima Daiichi accident, the Canadian Nuclear Utilities established the CANDU Industry 

Integration Team, and Bruce Power served as the first chair. Currently Bruce Power chairs 

the Nuclear Safety Peer Group, Severe Accident Management Guidelines Implementation 

Working Group, and Reliability Task Team.  

Bruce Power has also taken an active role in developing and revising IAEA guidance on 

severe accidents including revision of NS-G-2.15, NP-T-3.16, TECDOC-1770, TECDOC on 

Equipment qualification of NPPs and TECDOC on Considerations for the application of the 

IAEA Safety Requirements on Design. 

The above mentioned participation of Bruce Power in national and international efforts is 

considered by the team as a good performance. It allows Bruce Power to have a key role in 

industry leadership in accident management for developing standards and sharing operational 

experience related to severe accident management (SAM). 

10.2. OVERVIEW OF THE SEVERE ACCIDENT MANAGEMENT PROGRAMME 

Bruce Power has enhanced SAM Guidelines (SAMG) beyond the expected minimum 

requirements of a typical SAM Program. Updates include predetermination of 

implementation timings, plant habitability, instrumentation and equipment survivability 

assessment. Estimates were done for the time required to implement each of the SAMG 

strategies, as well as to roughly characterize the time it is expected to take for each to begin 

working for inclusion in the SAMG documents. The timing estimates help with strategy 

selection. They were incorporated into the applicable SAMGs, and respective User’s Guide 

was revised. 

Severe accident phenomena may create harsh conditions, including high temperature and 

pressure containment environments with a significant concentration of combustible gases and 

high radiation fields. Local or global burning of the gases may occur, presenting additional 

challenges to the equipment. The developed methodology provides reasonable assurance that 

sufficient monitoring and equipment will be available for use during a severe accident to 

achieve a controlled, stable state after core damage under the unique containment 

environments.  Analyses demonstrate that there is a reasonable level of confidence that 

essential equipment and instrumentation used to mitigate and monitor severe accident 

progression is available at the time it is called upon to perform.   
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The SAMG technical basis documents were revised to summarize the phenomena and 

challenges associated with multi-unit accidents. This includes the accident progression for 2-

unit, 3-unit and 4-unit severe accidents, the impact on the numerous shared resources 

between the units, the mitigation strategies for multi-unit accidents and the potential impact 

of seismic events on accident timing. Based on the revisions to the SAMG Technical Basis 

Document, supplementary guidance was created to document additional considerations and 

other information that is required to assist the SAM Technical Support Group in determining 

the optimal overall station recovery strategy and prioritization of response in the event of 

severe accidents on multiple units. 

The above mentioned enhancements are considered by the team as a good performance as 

they help increase the robustness and resilience of severe accident management.   

10.3. ANALYTICAL SUPPORT FOR SEVERE ACCIDENT MANAGEMENT 

In order to efficiently mitigate large releases, all efforts should be focussed on  preventing a 

severe accident from progressing into the core-concrete interaction. The IVR (in-vessel 

retention) strategy offers promising means for such mitigation. The team encourages Bruce 

Power to continue promoting further research in order to increase confidence on successful 

IVR and introduce any further SAM actions needed to ensure IVR. 

10.5. PLANT EMERGENCY ARRANGEMENTS WITH RESPECT TO SAM 

The team noted Emergency Mitigating Equipment (EME) Strategy for Rapid Response as a 

good practice. Demonstration of the EME efficiency was carried out during the Huron 

Challenge five-day emergency exercise in 2012. 

Notwithstanding the potential habitability problems of the main control room and secondary 

control area, good command and control of severe accidents presumes that crucial SAM 

actions, particularly SAM control measures such as valve operations, as well as monitoring 

can be done. As a backup these actions could be performed during short temporary stays and 

with field operations. The team encourages Bruce Power to provide for any further provisions 

to facilitate and ensure the monitoring of critical parameters in case of uninhabitable control 

areas. 
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DETAILED ACCIDENT MANAGEMENT FINDINGS 

10.5. PLANT EMERGENCY ARRANGEMENTS WITH RESPECT TO SAM 

10.5 (a) Good Practice: Emergency Mitigating Equipment (EME) Strategy for Rapid 

Response 

In the event of a station blackout (SBO), enhancements and new installations have been made 

which would allow Bruce Power to remove decay heat by prompt provision of emergency 

make-up water to the secondary side of the steam generators and to the primary heat transport 

systems and secondary fuel bays as well as to provide power to critical instrumentation and 

components.  Bruce Power was the first utility in Canada to put in place this capability. 

Emergency Mitigating Equipment (EME) in the form of independent mobile pumps and 

hoses, as well as portable diesel generators and cables are stored approximately 2 km from 

the plant. The storage location is not likely to be affected by an external event at the plant.  

The EME provides multiple barriers to prevent or mitigate a severe accident. Hook-up 

connections are provided for injection into the heat transport system, calandria vessel and 

shield tank, aiming eventually at ensuring in-vessel retention, and thus preventing core-

concrete interaction. These arrangements allow the EME to be installed on site within 1 hour 

after the request for deployment. 

Following an SBO, mobile pumps and hoses are deployed to the dry hydrants, which have 

been installed at the plant cooling water exit. The dry hydrants significantly reduce the 

complexity and physical effort necessary to connect to the supply. In addition to the mobile 

equipment, permanent connection points have been installed to allow for connection of 

mobile pumps and portable power generators.  

Three custom built fire trucks have the pump capacity of 650 m
3
/h. This satisfies the flow 

requirements for cooling the four reactors and fuel bays. Fire trucks were chosen because the 

Emergency Response personnel (fire brigade) already use fire trucks and so they are familiar 

with the operation, maintenance and testing requirements. In fact the new fire trucks are 

operated on rotation as part of the fleet of fire trucks.  

 

Portable generators have been commissioned for the plant to power critical monitoring 

instrumentation, the Emergency Filtered Discharge System, and Emergency Coolant 

Injection System motorised isolation valves during a SBO. The circuit breaker connection 

points for connecting the portable power generators has been installed and commissioned. 

There is an additional 400 kW generator to provide emergency power to the Emergency 

Management Centre. Sufficient fuel supply for 72 hours operation is available onsite. 
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A procedure has been prepared which defines the process and frequencies, by which EME is 

periodically inspected, inventoried, operationally checked, and tested. The duties are taken 

care by the Bruce Power fire brigade, which works on a 24/7 basis. This arrangement ensures 

that the required EME is always available and operationally ready. EME Guides and Standard 

Operating Guides have been prepared and issued and the required training completed to 

enable deployment, connection and operation of EME when required. The added benefit of 

using the fire brigade to transport and connect EME is that burden on operations is greatly 

reduced so they can focus on managing the plant during emergencies. The only tasks required 

by operations are to open the valves and to close circuit breakers. 

 

A large-scale exercise was utilized to demonstrate operation of the EME for an extended 

period of 24 hours, when Bruce Power conducted a five-day large area emergency response 

exercise called the ‘Huron Challenge’ in 2012, in cooperation with the Office of the Fire 

Marshall Emergency Management Ontario. The overall objective of the Huron Challenge was 

to demonstrate and improve emergency preparedness. The exercise included 22 

municipalities and regions, in addition to 27 organizations. The basis for the exercise was a 

large tornado, which caused a total loss of offsite power (major damage to switchyards) and a 

total loss of backup power. Bruce Power used the Huron Challenge to validate that it had the 

capability to manage multiple incidents on-site without outside support for 72 hours. 
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11. HUMAN TECHNOLOGY AND ORGANIZATION INTERACTIONS 

11.1 INTERFACES AND RELATIONSHIP 

The plant has comprehensively detailed its standards and expectations in multiple documents 

and communications both in generic documents for the plant workforce e.g. conduct of 

nuclear operations hand book. This is supported by: 

 the  integrated human performance tools, standards and expectations within general 

and specific craft training courses;  

 the ‘Coaching in the moment’ activities, plant communications activities – including 

the ‘visual management boards’ for each section;  

 the leadership training and development for line managers from front line supervisors 

to senior managers. 

The team observed many good applications of these approaches. However the team 

observations identified that to achieve excellence in safety performance, the leaders will need 

to further ensure that all personnel apply the standards with discipline and attention to detail. 

The existing tools developed by the plant are sufficient in number and content to aid 

management in this. The organization should also continually appraise HTO and workplace 

interfaces to ensure they support safe reliable operations. The team made a suggestion in this 

area. 

Human performance training, integrated in the general induction training and specific 

training,   is given to temporary staff, and offered to long term or regular contractors in the 

form of training their trainers at their business base. This along with oversight and field 

observation integrates the temporary staff and contractors into the plant’s standards and 

expectations. The team recognized this as a good performance.  

Communications with local public interested parties are strong, as the plant communications 

and liaison staff analyze and use the most appropriate methods and media to communicate to 

ensure successful dialogue and exchange of information. This is important for the successful 

communication of safety information and the implementation of emergency arrangements. 

This is particularly successful with the local aboriginal and first nation groups, and general 

public meetings. The team recognized this as a good practice. 

11.2 HUMAN FACTORS MANAGEMENT 

The company has a strong human factors engineering organization and application process 

with measured success. Human factors engineers are integrated into the design team from 

concept to delivery in modifications, new equipment design and operability validation, and 

process improvement activities.  The team recognized this as a good performance.  
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11.3 CONTINUOUS IMPROVEMENT/LEARNING ORGANIZATION (MONITORING 

 AND ASSESSMENT) 

The plant has a suite of performance indicators that include all associated safety performance 

indicators (including the reset of the station and sections’ ‘performance clocks’) and the 

findings from observations in the field, and department analyses of their performance. Trends 

and actions being considered or taken are presented to each management tier i.e. from the 

senior management “EVP& CNO Nuclear Operations Direct Reports” meeting, to daily team 

meetings on the plant. The team recognized this as a good performance. 

11.4 SAFETY CULTURE 

A strong safety culture is comprised of many attributes that collectively demonstrate the 

safety culture of an organization. The overall experience of the team was utilized to capture 

those attitudes, behaviors and practices that characterize safety culture at the plant. The team 

identified that the plant management team representatives, at different levels, have 

demonstrated a proactive approach with regard to safety culture, and an open and self-critical 

approach to their work. These behaviors were supported by plant senior management at the 

plant and showed that safety culture characteristics are highly valued by the plant leadership 

team. 

The plant has since 2013, conducted an extensive safety culture assessment program 

including questionnaire, focus groups and interviews. This process is regularly applied, and 

monitoring processes are used in between the site wide assessment. The detailed report is 

used to develop the leadership understanding of safety culture, monitor the status of the 

safety culture on site and provide different information into the continuous improvement 

processes and direct input into the coaching, leadership and communication processes. The 

team recognized this as a good performance.  

An employee questionnaire to identify ‘employee engagement’ is also applied bi-annually in 

rotation with the safety culture assessment, specifically to look at morale, communication 

effectiveness, and perceptions around leadership. This complements and supplements the 

nuclear safety culture assessment. 

A review of the team’s findings identified that managers and front line personnel are not 

consistently recognizing small deficiencies and this can, over time, lead to complacency. 
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DETAILED HUMAN TECHNOLOGY AND ORGANIZATION INTERACTIONS 

FINDINGS 

11.1 INTERFACES AND RELATIONSHIP 

11.1(a) Good Practice: Effective engagement with different communities (interested parties) 

to ensure open communication with associated confidence of mitigation measure response. 

Bruce power has applied adaptable communication methods to meet the needs of the 

extensive varied communities in the immediate and extended locality. These methods target 

specific groups to effectively communicate and share safety information about plant e.g. 

outage campaigns, environment impact, or emergency planning. 

A key component in any communication effectiveness is trust. The methods and application 

are designed to build trust in communications from the plant, for example: 

 Protocol agreements signed with all three Aboriginal groups who claim Aboriginal 

and/or treaty rights. These agreements layout how communication will happen and 

how to work through matters of interest, in particular safeguarding the environment.  

This planning enables effective communication (usually face to face through trusted 

ambassadors) to take place.   

 Virtual ‘Town Hall’ meetings where a large number (greatest number signing in was 

10,000) of on-line public can take part in a question/answer session with the CEO of 

Bruce Power. The Video Town Hall meeting called over 40,000 homes in Grey Bruce 

and Huron counties and over 10,000 connected to the call for at least a portion of the 

session. It combines features of a conference call with the functionality of a talk radio 

show.  During the meeting, people have the opportunity to ask questions, answer 

polling questions, leave messages upon the conclusion of the meeting and other 

options. It is a new and unique way of conducting public meetings for nuclear 

communication.  

Applicability to others: The identification of specific communication methods to reach 

specific communities assists a site to develop trust and effective communication exchanges 

that facilitate emergency protocols and public understanding of the site’s actions and 

activities. 
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11.2. HUMAN FACTORS MANAGEMENT 

11.2 (1) Issue: Plant personnel are not consistently achieving excellence in the performance 

of day-to-day work and practices. 

   

Striving for excellence is an important part of professionalism in any job. It is especially 

important for nuclear safety.  It involves trying to put quality into everything you do, 

attention to detail and the discipline to apply the right standards consistently every time. This 

HTO aspect also relies on the interfaces within human-technology-organization working in 

harmony. The team observations identified that to achieve excellence in safety performance 

on plant, the leaders will need to further enforce that all the workforce are applying the 

standards with discipline and attention to detail and the organization must ensure that the 

technology interfaces are continually appraised and reviewed to ensure they support safe 

reliable operations. The team noted the following: 

 3 way communications was inconsistently used when the “Fix it Now” (FIN) team 

leader communicated by telephone during the shift manager’s turnover, despite 

specific plant items being discussed.  

 Housekeeping – observation of cable ties and a roll of tape on ledges next to floor 

openings, and ear plugs inside concrete base. Wrench and other detritus left on a 

ledge.   

 Maintenance worker wearing jewellery whilst working in electrical cabinet – potential 

safety issue due to personal choice. 

 Vehicle and cage parked in area marked as “operations area- no storage allowed” U0. 

Also, cage trolleys outside storage park area due to the number of trolleys needing to 

be parked. 

 Plant person plugged an outside JLG LIFT into a power supply inside a building with 

the cable going through a door.  

 Operator aids – uncontrolled copies of engineering drawings, and pencil information 

in more than one location, written on the wall near equipment. 

 Key left in portable maintenance building close to door 7-21165. 

 Inconsistent standard of applying ‘walk-over’ bridges over temporary drain hoses that 

cross multiple doorways.  

Without the strict adherence to standards and expectations established by the plant, human 

errors and adverse operational conditions could occur and degrade nuclear safety. 

Suggestion: The plant managers should consider identifying causes and take measures to 

improve detailed behaviours and practices, human-technology-organization interfaces and 

accountability to standards and expectations to achieve performance excellence.  

IAEA Basis: 

SSR-2/2 - Req. 2.  

3.5. The management system shall integrate all the elements of management so that processes 

and activities that may affect safety are established and conducted coherently with other 

requirements, including requirements in respect of human performance and so that safety is 

not compromised by other requirements or demands. 
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Req.8: Performance of safety related activities 

4.28. Written communication shall be preferred and spoken communication shall be 

minimized. If spoken communication is used, attention shall be given to ensuring that spoken 

instructions are clearly understood. 

4.29. Tools for enhancing human performance shall be used as appropriate to support the 

responses of operating personnel. 

NS-G-2.14 

4.31. Operators should adhere strictly to plant policies with regard to the use of procedures, 

communication protocols, response to alarms and the use of methods in place to prevent or 

minimize human error. Operations management and supervisors should make themselves 

aware of the behavior of operators in this regard and should ensure that high standards of 

performance are enforced at all times. 
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12. LONG TERM OPERATION 

12.1 ORGANIZATION AND FUNCTIONS 

The current plant operational license will expire in 2020. By extending the license in 2020, 

the plant will enter a period of Long Term Operation (LTO). A full-scope, Periodic Safety 

Review (PSR) will be performed for the first time as one of the licensing conditions. The 

plant is preparing for this next phase.  

As part of this process, the plant has developed an overall technical strategy and associated 

long-term plan that includes proactive measures to manage reactor safety, generation and 

business risk for the Major Component Replacement (MCR) and Asset Management 

initiatives to extend the life of the units. The team recognized this as a good practice. 

In parallel with this, the plant will use established processes to evaluate the appropriateness 

of current plant programmes for LTO and demonstrate that ageing of all systems, structures 

and components (SSCs) within the scope for LTO is well managed. Many programmes to 

manage physical ageing and obsolescence of SSCs are already in place and others are under 

development. A commercial agreement to operate all units until 2063, which was announced 

in December 2015, will allow plant management and staff to focus in the upcoming five years 

to finalize all activities to demonstrate preparedness for safe LTO. 

A clear plant policy for the LTO period in all levels of plant documentation covering the LTO 

concept and approach is not in place yet. Internal processes to periodically update LTO 

policy and monitor progress in LTO preparation is not yet established. Not all plant staff are 

aware of the plant LTO objectives and approach. The team encourages the plant to clearly 

document the LTO policy with commitments and responsibilities by consolidating and 

clarifying the existing plant documentation and communicate it to all plant staff at an 

appropriate level. 

12.2 SCOPING AND SCREENING, AND PLANT PROGRAMMES RELEVANT TO 

 LTO 

The current plant approach to scoping of SSCs for LTO covers a majority of SSCs which 

should be evaluated for LTO but it does not provide a systematic and sound basis to 

demonstrate that all aspects of the ageing of all structures and components important for safe 

LTO are properly managed. The team made a recommendation to the plant to refine its 

methodology for scoping of SSCs for LTO to provide a sound basis for performing ageing 

management review and revalidation of time limited ageing analyses (TLAAs) for LTO.  

12.3 REVIEW OF AGEING MANAGEMENT AND AGEING MANAGEMENT 

 PROGRAMMES, AND REVALIDATION OF TIME LIMITED AGEING 

 ANALYSES  

Equipment lists and attributes are currently captured in several stand-alone databases but 

these are not always maintained up-to-date and complete. Without complete and integrated 

equipment data, it is difficult to perform a comprehensive ageing management review for 

LTO. The team made a suggestion to consider improving equipment lists and attributes’ 

quality and completeness to support a comprehensive ageing management review for LTO. 
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Based on review of multiple ageing management programmes, the team considers that not all 

ageing management programmes are yet fully implemented and comprehensive for LTO. The 

team made a suggestion to consider implementing a comprehensive ageing management 

programmes for structures and components within the scope for LTO. 

CANDU reactors are unique in that the heat-transport system (HTS) characteristics change 

over the life of the reactor, especially fuel channels which swell diametrically and 

longitudinally due to neutron irradiation. This physical change in the reactor HTS can reduce 

the margin to dry out for the fuel. Safety analysis is updated regularly, and accounts for these 

impacts from fuel channel diametrical swelling and other known HTS ageing impacts. The 

plant has also implemented a design change to the fuel to improve margin to dry out. By 

making the centre fuel pin slightly smaller in diameter, the plant has improved the critical 

heat flux characteristics of the fuel which improves safety margins. All potential impacts of 

the design changes were addressed through the plant engineering change control process (e.g. 

safety analysis, fuel qualification testing) as well as a review of manufacturing, shipping and 

fuel supply processes and interfaces with operations through the fuel management 

programme. This project demonstrates the plant’s proactive and innovative response to heat 

transport ageing and the desire to maintain and improve safety margins to support LTO. The 

team recognized this as a good performance. 

The environmental qualification (EQ) programme documentation is complete and traceable. 

EQ files were properly established for all EQ equipment, monitoring of operational 

environment conditions and hot-spots were performed. All EQ equipment was assessed 

generically to EQ bounding conditions, and supplemented by location-specific calculations to 

demonstrate EQ compliance.  Preventive maintenance activities are set up in the work 

management system (PASSPORT), to replace degradable parts prior to their end of qualified 

life, and whole components at the end of 40 years.  Maintenance work orders have been 

monitored for EQ compliance, and performance has steadily improved over the years. 

Maintenance staff is well-trained to perform regular walk downs to monitor EQ equipment 

status. EQ equipment is identified in the field by a dedicated “EQ” label. The plant is 

currently sustaining the initial qualification, and has also begun to work on life time 

extension efforts, since the plant is approaching 40 years of operation, which was the original 

station life expectancy. The team recognized this as a good performance. 

The “Buried Piping Programme” is a fully implemented, comprehensive ageing management 

programme. High quality programme documentation is in place, scoping and prioritization of 

pipelines susceptibility was performed. Up-to-date mitigating and inspection methods are 

used and international operating experience is incorporated. The team recognized this as a 

good performance. 

The plant has identified an opportunity to address obsolescence of technology. The plant 

initiated preparation of a proactive obsolescence programme which is currently being 

implemented. A part Readiness programme was launched in Q4 2014 and combines 

Obsolescence Programme, Critical Spare Parts Programme and Catalogue Health 

Management. The first obsolescence solutions were put in place in 2015 with focus on the 

availability of safety-related spare parts. Clean-up of the spare parts catalogue was initiated in 

2015 and first results will be available in 2016. Critical Spare Parts Programme has 

objectives to further decrease unavailability of critical spare parts in 2016. The team 

encourages the plant to continue this proactive approach. 
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TLAAs are currently systematically identified and revalidated only for the safety class 1 

components which typically constrain life time of CANDU design plant life. These were 

properly extended for the extended life time of these components. A systematic approach to 

analyze design basis documentation with the objective to identify all TLAAs for SSCs within 

the scope for LTO is not in place yet. The team encourages the plant to launch a systematic 

approach to identify TLAAs for SSCs and analyse their validity for the intended period of 

LTO before the end of their original design life time. 
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DETAILED LONG TERM OPERATION FINDINGS 

12.1 ORGANIZATION AND FUNCTIONS 

12.1 (a) Good Practice: Preparation for Major Component Replacement (MCR) and Asset 

Management. 

Learning from the refurbishment of units 1 and 2, the plant has adopted a fundamentally 

different approach to extending the safe operational life of the remaining six units on the 

Bruce Power site.  The plant has developed an effective overall technical strategy and 

associated long term plan that includes proactive measures to manage reactor safety, 

generation and business risk.  The approach is fully integrated into the existing plant 

processes and organizational structure. 

The most reactor safety significant components (fuel channels, feeders and steam generators) 

form the backbone of planned MCR outages.  The remaining components required for LTO 

will be managed by online work programmes and maintenance outages executed before and 

after the MCR outages.  Some targeted LTO work will be executed in the MCR outages and 

executed in discrete maintenance windows focused on combining safety significant work 

programmes with reactor components to optimize scope completion between lead-in and 

lead-out activities.  The plan has been developed well in advance of the first MCR, allowing 

the plant to critically challenge and enhance overall integration shutdown safety and outage 

safety assessment group reports including reactor safety risk profiles. 

This approach to LTO has been integrated into the structure of the commercial 

Refurbishment Agreement signed with the System Operator, ensuring that the experienced 

staff, the schedule and the financial resources to execute the Plan have been secured for the 

projected LTO timeframe.  The resulting long term Asset Management Plan will provide 

safe, reliable LTO in consideration of nuclear safety and in alignment with business goals. 
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12.2. SCOPING AND SCREENING, AND PLANT PROGRAMMES RELEVANT TO LTO 

12.2 (1) Issue: The methodology for scoping of systems, structures and components (SSCs) 

for LTO is not yet sufficiently refined to provide a sound basis for performing ageing 

management review and revalidation of time limited ageing analysis (TLAAs) for LTO. 

   

The team noted the following: 

 A passive safety function is not explicitly used as a criterion for scoping SSCs for 

LTO evaluations. 

 The current scoping methodology has included some non-safety related components 

from the perspective of significant investment to replace but it does not explicitly 

include a criterion to include non-safety related components which can affect the 

safety function of safety-related components in the scope for LTO evaluations. As a 

consequence, not all of these components were identified for LTO evaluations. 

 Plant walk downs have been conducted within other projects to analyse the plant 

SSCs for potential spatial interactions that may affect safety components from the 

point of view of flooding, fire and earthquake. Results of those reviews have not yet 

been assessed to determine if additional structures and components should be 

included in scope for LTO evaluations.  

 Specific walk downs to identify non-safety related SSCs which may affect safety 

components from the point of view of flooding, fire and earthquake for LTO 

evaluations have not been performed yet. 

 Structures and components that are important to safety under design extension 

conditions are not explicitly mentioned in the plant methodologies for scoping of 

SSCs for LTO evaluations. 

 Definition of the scope of SSCs within each programme managing ageing is described 

on the level of systems and components. Exact definition of boundaries between 

different disciplines, and between components within different programmes (e.g. if a 

weld is scoped within the heat exchangers or pipeline programme) is not clearly 

described and general guidance on scope interfaces is not formally documented. 

 On a system level, it has been verified that the safety-related system list and the 

overall Asset Management Plan contain all PSA important systems. However, this 

verification step has not been documented as a part of the methodology for 

identification of important systems for LTO evaluations. 

 To date, PSA results have not been formally utilized as an additional component 

screening method to expand the scope of structures and components reviewed for 

LTO evaluations.  

 The plant has not completed a systematic review of design basis documentation 

including identification of Time Limited Ageing Analyses (TLAAs) for all SSCs in 

scope for LTO, except for those SCs required for Major Component Replacement 

(MCR). 

Without properly documented and implemented scoping of SSCs, it is not possible to 

demonstrate that the ageing of all structures and components is properly managed for LTO. 

 

Recommendation: With a commercial agreement to operate the plant until 2063, the plant 

should refine its methodology for scoping of SSCs for LTO to provide a sound basis for 

performing ageing management review and revalidation of TLAAs for LTO in its preparation 

for entering long term operation. 
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IAEA Basis: 

SSR 2/2 

Requirement 16: Programme for long term operation 

4.54. The comprehensive programme for long term operation shall address: 

… 

(b) Setting the scope for all structures, systems and components important to safety; 

(c) Categorization of structures, systems and components with regard to degradation and 

ageing processes; 

(d) Revalidation of safety analyses made on the basis of time limited assumptions; 

(e) Review of ageing management programmes in accordance with national regulations; 

 … 

 

NS-G-2.1.2 

6.3. The review process should involve the following main steps: 

- An appropriate screening method to ensure that structures and components important 

to safety will be evaluated for long term operation;  

- Demonstration that the effects of ageing will continue to be identified and managed 

for each structure or component during the planned period of long term operation; 

- … 
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SRS No. 57 

4.1. SCOPE SETTING PROCESS 

The SSCs within the scope of LTO are those that perform the following safety functions: 

(a) All SSCs important to safety that ensure the integrity of the reactor coolant pressure 

boundary; 

(b) All SSCs important to safety that ensure the capability to shut down the reactor and 

maintain it in a safe shutdown condition; 

(c) All SSCs important to safety that ensure the capability to prevent accidents that could 

result in potential off-site exposure or that mitigate the consequences of such accidents. 

Other SSCs within the scope of LTO are those whose failure may impact upon the safety 

functions specified above. 

All SCs within the scope of LTO and not subject to replacement based on a qualified life or 

specified time period are identified and included for further reviews for LTO. 

Some national regulations also require that all SSCs that are credited in a safety analysis to 

perform a function that mitigates certain types of events also be included in the scope of 

reviews for LTO. Such events are: 

(i) Fires and floods; 

(ii) Extreme weather conditions; 

(iii) Earthquakes; 

(iv) Pressurized thermal shock; 

(v) Anticipated transient without scram; 

(vi) Station blackout. 

The operating organization may also consider assessing SSCs that are not safety related but 

that remain important for nuclear power plant operation beyond an established time frame. 
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12.3. REVIEW OF AGEING MANAGEMENT AND AGEING MANAGEMENT 

PROGRAMMES, AND REVALIDATION OF TIME LIMITED AGEING ANALYSES 

12.3 (1) Issue: The current status of equipment lists and attributes may not support efficient 

performance of a comprehensive ageing management review for LTO. 

   

The team noted the following: 

 The master equipment list in the work management system (PASSPORT) does not 

consistently link equipment tags with current engineering programmes and 

components programmes that address SSCs ageing. This makes it difficult to conduct 

a systematic component-based ageing management review for LTO and demonstrate 

that all ageing effects are managed. 

 Some equipment data fields observed in PASSPORT are not consistently recorded 

which makes systematic scoping difficult. 

 Cables have no equipment tags in PASSPORT. A stand-alone EQ Information System 

is the database repository for EQ design information. Their identifiers are recorded in 

a stand-alone database (On line wiring). 

 Pipelines (including feeders, calandria tubes) have no tags in PASSPORT. Pipelines 

are only recorded in isometrics (drawings) which are part of control documentation. 

Pipe segments within “Pipe Wall Thinning – Flow-accelerated Corrosion (FAC)” 

programme are labelled in sketches which are not controlled documents.  

 The link between the sketches and the “System Susceptibility analysis for FAC” 

document is through a stand-alone database for FAC.  

 Work orders for pipeline inspections are created for inspection locations using 

isometrics, word description and nearby equipment (if there is any). 

 During a clean-up of data in the master parts catalogue (valves were selected as a pilot 

in Q1 2015 with completion date in Q1 2016) many of the manufacturer`s valve were 

found to be obsolete and will be removed from the master parts catalogue.  

 Pending completion of the pilot, there is no final date and schedule given for clean-up 

of data in the master parts catalogue for other components. The current status of the 

catalogue makes it difficult to efficiently manage obsolescence. 

Without complete and integrated equipment data, it is difficult to perform a comprehensive 

ageing management review for LTO. 

Suggestion: The plant should consider improving equipment lists and attributes quality and 

completeness to support a comprehensive ageing management review for LTO. 

IAEA Basis: 

SSR 2/2 

Requirement 15: Records and reports 

The operating organization shall establish and maintain a system for the control of records 

and reports. 

4.52. The operating organization shall identify the types of records and reports, as specified 

by the regulatory body that are relevant for the safe operation of the plant. Records of 

operation, including maintenance and surveillance, shall be kept available from initial testing 

during the start-up of each plant system important to safety, including relevant off-site tests. 

The records of operation shall be retained in proper archives for periods as required by the 
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regulatory body. All records shall be kept readable, complete, identifiable and easily 

retrievable. Retention times for records and reports shall be commensurate with their level of 

importance for the purposes of operation and plant licensing and for future decommissioning. 

GS-R-3 

Control of records 

5.21. Records shall be specified in the process documentation and shall be controlled. All 

records shall be readable, complete, identifiable and easily retrievable. 

5.22. Retention times of records and associated test materials and specimens shall be 

established to be consistent with the statutory requirements and knowledge management 

obligations of the organization. The media used for records shall be such as to ensure that the 

records are readable for the duration of the retention times specified for each record. 

NS-G-2.1.2 

3.11. The operating organization should ensure that:  

- … 

- Reference (baseline) data are collected and documented;  

- … 

3.14. The regulatory body, as part of its review and inspection programme, should ensure that 

the operating organization collects required baseline data and should confirm that critical 

service conditions (as used in equipment qualification) are in compliance with the design 

analyses. 

4.10. The operating organization should establish a data collection and record keeping system 

that is defined by the ageing management programme and that supports it.  

4.11. Such a data collection and record keeping system should be established early in the 

lifetime of a plant (ideally, data should be collected from the construction stage onwards) in 

order to provide information for the following activities:  

- Identification and evaluation of degradation, failures and malfunctions of components 

caused by ageing effects; 

- Decisions on the type and timing of maintenance actions, including calibration, repair, 

refurbishment and replacement;  

- Optimization of operating conditions and practices that reduce ageing degradation; 

- Identification of new emerging ageing effects before they jeopardize plant safety, 

production reliability and service life.  

4.12. To facilitate obtaining the desired quality and quantity of ageing related data from plant 

operations, maintenance and engineering, representatives of the operations, maintenance and 

engineering units should be involved in the design of the record keeping system. 

  



 

 

76 
LONG TERM OPERTATION 

12.3. REVIEW OF AGEING MANAGEMENT AND AGEING MANAGEMENT 

PROGRAMMES, AND REVALIDATION OF TIME LIMITED AGEING ANALYSES 

12.3(2) Issue: The ageing management programmes are not all fully implemented and 

comprehensive for LTO. 

   

The team noted the following: 

 Low-cycle fatigue monitoring: 

– No issued procedure currently exists to address low-cycle fatigue monitoring.  

– Data is available for monitoring of margins, but is not currently documented in a 

format that allows easy comparison of counted events and cycles with allowed events 

and cycles.  

– Projection of cumulative usage factor for main safety components for the LTO period 

is not available yet. The plant has been preparing an automated programme for 

capturing and formatting data for easy monitoring and LTO projections, which should 

be ready for implementation in 2016. 

– Environmentally-assisted fatigue has not been taken into consideration yet in current 

plant practices and in the low-cycle fatigue programme (in preparation). 

 Non-EQ safety control cables: 

– The programme documentation to manage ageing of non-EQ safety control cables is 

still in development.  

– Initial conservative estimate of expected End of Life of non-EQ safety control cables 

is roughly established based on EPRI report to 50 years.  

– The strategy for LTO to prepare an ageing management programme for non-EQ 

safety control cables was approved. No results are in place yet, as a first priority was 

to establish a strategy and overall plan for medium voltage cables. 

– Currently, only functional tests are performed for non-EQ safety control cables. No 

other inspections or tests have been performed yet. 

 Flow-accelerated corrosion (FAC): 

– The detailed scope of pipelines included within the “Pipe Wall Thinning – FAC” 

programme is defined in a stand-alone document: “System Susceptibility analysis for 

FAC”. This document is not formally referenced in the FAC programme document. 

– Materials are defined in table by acronyms but acronyms are not explained in the 

document. 

 Life Cycle Management Plans: 

– Frequency of Life Cycle Management Plans (LCMP) revision is 3 years but some 

LCMPs reviewed by the team have not been updated since 2011, 2012 respectively.  

– The Failure Modes and Effects Analysis tables in some Technical Basis Assessment 

(TBA) documents do not consistently distinguish between degradation mechanisms, 

ageing effects, and parameters describing ageing effects and causes. Environment and 

materials are missing in all TBAs. 

– In some reviewed documents, the definitions and scope of degradation 

mechanisms/ageing effects were not consistently applied between documents. For 

example, only degradation mechanisms/ ageing effects that are considered to be 

plausible are discussed in the LCMP Degradation Assessment section. Others, which 

appear in the relevant TBA, are excluded without explicit explanation of why they are 

not applicable. 

– Definitions and scope of degradation mechanisms/ ageing effects in LCMP 

Degradation Assessment part are not consistent with TBA. 
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– Overview of Inspection requirements refers to LCMP Degradation Assessment but 

degradation modes terminology is not consistent with LCMP Degradation Assessment 

part. 

 

Without fully implemented comprehensive ageing management programmes, the plant cannot 

assure fulfilment of safety function of SSCs within the scope for LTO. 

Suggestion: The plant should consider implementing a comprehensive ageing management 

programmes for structures and components within the scope for LTO. 

IAEA Basis: 

SSR 2/2 

Requirement 14: Ageing management 

The operating organization shall ensure that an effective ageing management programme is 

implemented to ensure that required safety functions of systems, structures and components 

are fulfilled over the entire operating lifetime of the plant. 

4.50. The ageing management programme shall determine the consequences of ageing and 

the activities necessary to maintain the operability and reliability of structures, systems and 

components. … 

4.51. Long term effects arising from operational and environmental conditions (i.e. 

temperature conditions, radiation conditions, corrosion effects or other degradations in the 

plant that may affect the long term reliability of plant equipment or structures) shall be 

evaluated and assessed as part of the ageing management programme. Account shall be taken 

in the programme of the safety relevance of structures, systems and components. 

NS-G-2.1.2 

3.1. Ageing management of SSCs important to safety should be implemented proactively 

(with foresight and anticipation) throughout the plant’s lifetime, i.e. in design, fabrication and 

construction, commissioning, operation (including long term operation and extended 

shutdown) and decommissioning. 

3.3. The operating organization should be responsible for demonstrating that the relevant 

issues of ageing that are specific to the plant are clearly identified and documented in the 

safety analysis report throughout the plant’s lifetime. Issues of ageing arising from other 

plants should be considered by the operating organization in evaluating the ageing 

management measures proposed by suppliers4. 

3.19. If a new ageing mechanism is discovered (e.g. through feedback of operating 

experience or research), the operating organization should perform an appropriate review of 

the management of ageing. 

4.9. The operating organization should collect and evaluate relevant plant and industrial 

experience and should use it for improving the ageing management programme. 

4.10. The operating organization should establish a data collection and record keeping system 

that is defined by the ageing management programme and that supports it. 
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4.11. Such a data collection and record keeping system should be established early in the 

lifetime of a plant (ideally, data should be collected from the construction stage onwards) in 

order to provide information for the following activities:  

 

 Identification of new emerging ageing effects before they jeopardize plant safety, 

production reliability and service life. 

 6.3. The review process should involve the following main steps:  

 Demonstration that the effects of ageing will continue to be identified and managed 

for each structure or component during the planned period of long term operation; 
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DEFINITIONS – OSART MISSION 

Recommendation 

A recommendation is an advice on what improvements in operational safety should be made 

in that activity or programme that has been evaluated. It is based on IAEA Safety Standards 

or proven, good international practices and addresses the root causes rather than the 

symptoms of the identified concern. It very often illustrates a proven method of striving for 

excellence, which reaches beyond minimum requirements. Recommendations are specific, 

realistic and designed to result in tangible improvements. Absence of recommendations can 

be interpreted as performance corresponding with proven international practices. 

Suggestion 

A suggestion is either an additional proposal in conjunction with a recommendation or may 

stand on its own following a discussion of the pertinent background. It may indirectly 

contribute to improvements in operational safety but is primarily intended to make a good 

performance more effective, to indicate useful expansions to existing programmes and to 

point out possible superior alternatives to ongoing work. In general, it is designed to stimulate 

the plant management and supporting staff to continue to consider ways and means for 

enhancing performance. 

Note: if an item is not well based enough to meet the criteria of a ‘suggestion’, but the expert 

or the team feels that mentioning it is still desirable, the given topic may be described in the 

text of the report using the phrase ‘encouragement’ (e.g. The team encouraged the plant 

to…). 

Self-identified issue 

A self-identified issue is documented by the OSART team in recognition of plant actions 

taken to address inadequate conformance with the IAEA Safety Requirements identified in 

the self-assessment made by the plant prior to the mission and reported to the OSART team. 

Credit is given for the fact that actions have been taken, including root cause determination, 

which lead to a high level of confidence that the issue will be resolved within a reasonable 

timeframe. These actions should include budget commitments, staffing, document 

preparation, increased or modified training, equipment purchases, etc.  

Good practice 

A good practice is an outstanding and proven performance, programme, activity or equipment 

in use that contributes directly or indirectly to operational safety and sustained good 

performance. A good practice is markedly superior to that observed elsewhere, not just the 

fulfilment of current requirements or expectations. It should be superior enough and have 

broad application to be brought to the attention of other nuclear power plants and be worthy 

of their consideration in the general drive for excellence. A good practice has the following 

characteristics:  

novel; 

 has a proven benefit; 

 replicable (it can be used at other plants); 

 does not contradict an issue. 
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The attributes of a given ‘good practice’ (e.g. whether it is well implemented, or cost 

effective, or creative, or it has good results) should be explicitly stated in the description of 

the ‘good practice’. 

Note: An item may not meet all the criteria of a ‘good practice’, but still be worthy to take 

note of. In this case it may be referred as a ‘good performance’, and may be documented in 

the text of the report. A good performance is a superior objective that has been achieved or a 

good technique or programme that contributes directly or indirectly to operational safety and 

sustained good performance, that works well at the plant. However, it might not be necessary 

to recommend its adoption by other nuclear power plants, because of financial 

considerations, differences in design or other reasons. 
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LIST OF IAEA REFERENCES (BASIS) 

 

Safety Standards  

 SF-1; Fundamental Safety Principles (Safety Fundamentals)  

 GSR Part 3; Radiation Protection and Safety of Radiation Sources: 

International Basic Safety Standards  

 SSR-2/1; Safety of Nuclear Power Plants: Design (Specific Safety 

Requirements) 

 SSR-2/2; Safety of Nuclear Power Plants: Commissioning and Operation 

(Specific Safety Requirements) 

 NS-G-1.1; Software for Computer Based Systems Important to Safety in 

Nuclear Power Plants (Safety Guide)  

 NS-G-2.1; Fire Safety in the Operation of Nuclear Power Plans (Safety Guide) 

 NS-G-2.2; Operational Limits and Conditions and Operating Procedures for 

Nuclear Power Plants (Safety Guide) 

 NS-G-2.3; Modifications to Nuclear Power Plants (Safety Guide) 

 NS-G-2.4; The Operating Organization for Nuclear Power Plants (Safety 

Guide) 

 NS-G-2.5; Core Management and Fuel Handling for Nuclear Power Plants 

(Safety Guide) 

 NS-G-2.6; Maintenance, Surveillance and In-service Inspection in Nuclear 

Power Plants (Safety Guide) 

 NS-G-2.7; Radiation Protection and Radioactive Waste Management in the 

Operation of Nuclear Power Plants (Safety Guide) 

 NS-G-2.8; Recruitment, Qualification and Training of Personnel for Nuclear 

Power Plants (Safety Guide) 

 NS-G-2.9; Commissioning for Nuclear Power Plants (Safety Guide) 

 NS-G-2.11; A System for the Feedback of Experience from Events in Nuclear 

Installations (Safety Guide) 

 NS-G-2.12; Ageing Management for Nuclear Power Plants (Safety Guide) 

 NS-G-2.13; Evaluation of Seismic Safety for Existing Nuclear Installations 

(Safety Guide)  

 NS-G-2.14; Conduct of Operations at Nuclear Power Plants (Safety Guide) 

 NS-G-2.15; Severe Accident Management Programmes for Nuclear Power 

Plants (Safety Guide) 

file:///S:/Sengoku/Materials%20for%20OSART%20Prep.2007-7/Publication/DS347draft32007-03-01.pdf
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 SSG-13; Chemistry Programme for Water Cooled Nuclear Power Plants 

(Specific Safety Guide)  

 SSG-25; Periodic Safety Review for Nuclear Power Plants (Specific Safety 

Guide) 

 GSR Part 1; Governmental, Legal and Regulatory Framework for Safety 

(General Safety Requirements) 

 GS-R-2; Preparedness and Response for a Nuclear or Radiological Emergency 

(Safety Requirements)  

 GS-R-3; The Management System for Facilities and Activities (Safety 

Requirements) 

 GSR Part 4; Safety Assessment for Facilities and Activities (General Safety 

Requirements) 

 GS-G-4.1; Format and Content of the Safety Analysis report for Nuclear 

Power Plants (Safety Guide) 

 SSG-2; Deterministic Safety Analysis for Nuclear Power Plants (Specific 

Safety Guide) 

 SSG-3; Development and Application of Level 1 Probabilistic Safety 

Assessment for Nuclear Power Plants (Specific Safety Guide) 

 SSG-4; Development and Application of Level 2 Probabilistic Safety 

Assessment for Nuclear Power Plants (Specific Safety Guide) 

 GSR Part 5; Predisposal Management of Radioactive Waste (General Safety 

Requirements) 

 GS-G-2.1; Arrangement for Preparedness for a Nuclear or Radiological 

Emergency (Safety Guide)  

 GSG-2; Criteria for Use in Preparedness and Response for a Nuclear and 

Radiological Emergency (General Safety Guide) 

 GS-G-3.1; Application of the Management System for Facilities and 

Activities (Safety Guide)  

 GS-G-3.5; The Management System for Nuclear Installations (Safety Guide) 

 RS-G-1.1; Occupational Radiation Protection (Safety Guide) 

 RS-G-1.2; Assessment of Occupational Exposure Due to Intakes of Radio-

nuclides (Safety Guide) 

 RS-G-1.3; Assessment of Occupational Exposure Due to External Sources of 

Radiation (Safety Guide) 

 RS-G-1.8; Environmental and Source Monitoring for Purposes of Radiation 

Protection (Safety Guide) 

file:///S:/Sengoku/Materials%20for%20OSART%20Prep.2007-7/Publication/DS388_DRAFT_3_050706.pdf
file:///S:/Sengoku/Materials%20for%20OSART%20Prep.2007-7/Publication/DS388_DRAFT_3_050706.pdf
file:///S:/Sengoku/Materials%20for%20OSART%20Prep.2007-7/Publication/DS388_DRAFT_3_050706.pdf
file:///S:/Sengoku/Materials%20for%20OSART%20Prep.2007-7/Publication/DS388_DRAFT_3_050706.pdf
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 SSR-5; Disposal of Radioactive Waste (Specific Safety Requirements) 

 GSG-1 Classification of Radioactive Waste (General Safety Guide) 

 WS-G-6.1; Storage of Radioactive Waste (Safety Guide) 

 WS-G-2.5; Predisposal Management of Low and Intermediate Level 

Radioactive Waste (Safety Guide) 

 INSAG, Safety Report Series  

INSAG-4; Safety Culture 

INSAG-10; Defence in Depth in Nuclear Safety 

INSAG-12; Basic Safety Principles for Nuclear Power Plants, 75-INSAG-3 Rev.1 

INSAG-13; Management of Operational Safety in Nuclear Power Plants 

INSAG-14; Safe Management of the Operating Lifetimes of Nuclear Power 

Plants 

INSAG-15; Key Practical Issues In Strengthening Safety Culture 

INSAG-16; Maintaining Knowledge, Training and Infrastructure for Research 

and Development in Nuclear Safety  

INSAG-17; Independence in Regulatory Decision Making 

INSAG-18; Managing Change in the Nuclear Industry: The Effects on Safety 

INSAG-19; Maintaining the Design Integrity of Nuclear Installations throughout 

their Operating Life  

INSAG-20; Stakeholder Involvement in Nuclear Issues 

INSAG-23; Improving the International System for Operating Experience 

Feedback 

INSAG-25; A Framework for an Integrated Risk Informed Decision Making 

Process  

Safety Report Series No.11; Developing Safety Culture in Nuclear Activities 

Practical Suggestions to Assist Progress 

Safety Report Series No.21; Optimization of Radiation Protection in the Control 

of Occupational Exposure 

Safety Report Series No.48; Development and Review of Plant Specific 

Emergency Operating Procedures 

Safety Report Series No. 57; Safe Long Term Operation of Nuclear Power Plants 
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 Other IAEA Publications  

 IAEA Safety Glossary Terminology used in nuclear safety and radiation 

protection 2007 Edition  

 Services series No.12; OSART Guidelines  

 EPR-ENATOM-2002; Emergency Notification and Assistance Technical 

Operations Manual  

 EPR-METHOD-2003; Method for developing arrangements for response to a 

nuclear or radiological emergency, (Updating IAEA-TECDOC-953)  

 EPR-EXERCISE-2005; Preparation, Conduct and Evaluation of Exercises to 

Test Preparedness for a Nuclear or Radiological Emergency 

 EPR-NPP PPA 2013; Actions to Protect the Public in an Emergency due to 

Severe Conditions at a Light Water Reactor 

 International Labour Office publications on industrial safety 

 ILO-OSH 2001; Guidelines on occupational safety and health management 

systems (ILO guideline) 

 Safety and health in construction (ILO code of practice) 

 Safety in the use of chemicals at work (ILO code of practice) 
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Years of nuclear experience: 37  
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