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THE ATOMIC ENERGY CONTROL BOARD

The Atomic Energy Control Board (AECB) is an independent federal agency that
controls all nuclear activities in Canada. Our mission is to make sure nuclear energy
is safe for Canadians.

The AECB exercises control through a regulatory system that encompasses all uses of
nuclear energy and licenses only those that can meet the standards set out by this
system. At all nuclear generating stations the AECB has resident staff who carefully
monitor station operation and enforce licensing conditions.

At Bruce Nuclear Generating Station "A* (Bruce A) this process requires that the on-
site staff, in cooperation with AECB Head Office staff in Ottawa, monitors reactor
operations, conducts audits and inspections, witnesses important activities and reviews
station documents and reports from Ontario Hydro, the licensee.



SUMMARY
In this report of the Bruce A operations during 1991, AECB staff itemized the non-
compliancies with the operating licence. While any licence violation is a serious
matter, none of the violations which occurred at Bruce A during 1991 resulted in any
significant threat to public safety or well-being.

There were no exposures of workers to radiation in excess of the regulatory
requirements. However, there have been instances, of uncontrolled contaminated areas
and spread of contamination in the station. Releases of radioactive material to the
environment were much below target. The performance of the four special safety
systems has been good with the exception of shutdown system number two on Unit 3.

A review of significant event reports and their causes has revealed an apparent lack of
a system by which operations and maintenance work is verified as having been carried
out correctly. There is a large backlog of maintenance work. However, several good
initiatives have been taken to address this problem, we are pleased to report.

Two important safety issues are reported on in detail. These are the chronic problem
of leaking boiler tubes and the potentially serious problem of fret marks on pressure
tubes, the latter caused by abnormal fuel support.
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INTRODUCTION

This report presents our review of Bruce Nuclear
Generating Station "A" (Bruce A) major licensing
issues and the operational performance during
1991. A draft of this report forms the basis for a
formal Annual Review Meeting which is held with
the station management and senior staff. After the
Annual Review Meeting, the report is finalized and
issued as a public document.

This report is compiled using Ontario Hydro
Quarterly Reports. These are a requirement of the
licence and summarize key features of station
operation during the year. In addition, other
Ontario Hydro reports, official correspondence,
input from AECB head office staff and our own
observations have been taken into consideration.

The report is limited to those aspects of station
performance that we consider to have some safety
significance. Where items of significance,
associated with issues addressed in the report,
occurred early in 1992, these are also mentioned.



REVIEW OF
OPERATIONAL SAFETY
ASPECTS

Selected performance indicators are presented in
Table Al. When relevant, these indicators are also
discussed in the text of the report.

COMPLIANCE

The operation of the station must comply with the
Atomic Energy Control Board Regulations. These
regulations state that the operation of the station
must be in accordance with the Reactor Operating
Licence to which the AECB can attach such
conditions as deemed necessary. A standard
licence condition (in fact, it is licence condition
number one) is that the operation of the station
shall be governed by, and be in accordance with
the document entitled "Operating Policies and
Principles" (OP&Ps) and the document entitled
"Radiation Protection Regulations". Station
compliance is measured against the licence and the
licence conditions (which includes complying with
the two previously mentioned documents).

Ontario Hydro tried to comply with the conditions
of its Reactor Operating Licence but failed on 21
occasions during 1991. These failures were duly
reported in the form of Significant Event Reports
(SERs).

The licence condition violated most often (9 times)
was condition 1 which requires compliance with the
OP&Ps and the Radiation Protection Regulations.

Licence condition 8 requires that the station operate
within the laws of Ontario. A report pursuant to
the condition was made 8 times, due to
inadvertently contravening rules related to materials
or pressure vessels or by uncontrolled releases of
chemicals to the environment.

Licence condition 7 requires that the release of
prescribed substances be monitored. There were 3
violations of this licence condition during 1991
when monitors were unavailable for an extended
(i.e. > 7 hours in a single month) period of time.
In two of these events it was apparent that the
station staff did not appreciate the importance of
the monitors. This caused us some concern but we
are satisfied that the situation has been corrected.

The other licence condition which was violated
during 1991 is condition number 11 which is a
general requirement that the station be maintained
such that the Safety Report remains valid.

While licence violations are serious matters, none
of the violations which occurred at Bruce A during
1991 resulted in any significant threat to public
safety or well-being. Overall, we conclude that
Ontario Hydro is diligent in doing its best to
operate within the licence.

Compliance inspections were conducted under the
Physical Security Regulations. Overall, security at
this facility was found to be completely
satisfactory. During the year, one breach of the
Physical Security Regulations occurred; immediate
action was taken to ensure that there would be no
recurrence.



IN-STATION RADIATION CONTROL

During 1991, better radiation monitoring equipment
was installed throughout Bruce A. In addition,
some sections, such as the fuelling machine
maintenance area, have been cleaned and radiation
procedures have been upgraded. Ontario Hydro is
to be commended for these efforts.

Unfortunately, we still find many problems with in-
station radiation control. Rubber areas are set up
to prevent contamination spread during a
maintenance activity. We have found that these
areas are not always set up or maintained properly.
We noted similar problems in last year's Annual
Report and at that time expected to see
improvement.

Other issues include inadequate posting of hazards,
improper storage of radioactive articles and the
apparent lack of working level staff commitment to
improve. The results have been incidents of
uncontrolled contaminated work areas and spread of
contamination through the station.

To address these problems, we sent Ontario Hydro
a formal request for action. We expect to see a
marked improvement next year.

While we consider this a serious issue since it
reflects a poor attitude towards safety, these
shortcomings are unlikely to result in anyone
receiving a dose exceeding a regulatory limit.
Section 1 of Table Al summarizes measures of
radiation control at Bruce A. As recorded, there
were no exposures beyond regulatory limits and
releases from the station were small.

RADIOACTIVE EMISSIONS TO THE
PUBLIC

Figure 1 shows the calculated radiation exposure of
a member of the public living close to the Bruce
Nuclear Power Development as compared to the
target exposure limits for a member of the public.
The target is one percent of the legal limit. It can
be seen that no member of the public received a
dose approaching the legal limit as a result of the
operation of Bruce A during 1991.

DM* - Mtarellmrf ft few

F i g u r e 1 : Yearly Urge! and dote to public at border of

BNPD.

: Monthly tritium in water releaied from Bruce A.

There was an increase in tritium released to the
lake over the year due to steam generator tube
leaks experienced at Bruce A during 1991. Figure
2 shows this increase, especially for the second half
of the year, when the leaks started to become
persistent. However, the releases were still well
below regulatory limits. The problems with
leaking steam generator tubes at Bruce A are
discussed in more detail later in the section on
Safety Issues.



PERFORMANCE OF SAFETY
SYSTEMS

The good performance of safety systems is
fundamental to the safe operation of a nuclear
generating station. It is with these systems that we
expect the highest standards of operation.

For safety related process systems and standby
safety support systems, performance is measured by
the number and category of faults that occurred
over the course of the year. During 1991 there
was one safety related process system that operated
intermittently at a fault level which defines the
system as operating but at reduced effectiveness.
This was the annulus gas system which is used to
detect pressure tube leaks by monitoring moisture
in a circulating gas (carbon dioxide) in the annulus
between the pressure tube and calandria tube.
During a three day period on Unit 4 the gas flow
was intermittently less than 21 % (the minimum
allowable) of full flow. Problems with the annulus
gas system at Bruce A are discussed in more detail
in the section on Safety Issues.

There was a similar level fault in the moderator
auxiliary circuit in Unit 3, when a valve at the
discharge became stuck closed. This impacted on
the way in which the moderator would be cooled in
the event of a loss of main moderator flow and the
way moderator water would be recovered in the
event of a loss of moderator inventory accident.

This fault was aggravated by other related valves
which were passing moderator water to the incident
area thereby causing high radiation fields. Thus
the valve could not be repaired until the reacior
was shut down. We are of the opinion that this
fault is symptomatic of equipment degradation
problems faced at Bruce A where small problems
can cascade into large problems. More examples
of this are given in the section on events reported
to the AECB.

The two shutdown systems, the containment system
and the emergency core injection system are the
special safety systems. The operating target for the
four special safety systems is that they be impaired
or unavailable for less than 103 years per year
(8.76 hours per year). The amount of time that a
special safety system was unavailable throughout
the year is calculated and compared against the
target. Using the past six years of data, taking
credit for completed system changes, predictions of
future unavailabilities are also compared against the
target. The results for 1991 are shown in Table 1.

Bruce A had a relatively good year in 1991 for
special safety system performance, with only one
system of one unit exceeding the target. This was
shutdown system number two on Unit 3. An error
in the implementation of a change to the pressurizer
low level trip resulted in that trip being impaired
for 12 hours.

The predicted future unavailabilities are above
target for three of the four special safety systems.
We accept this because the predictions are based on
past performance of components and do not take
into account that work underway on each of these
systems should bring the actual performance of the
systems within target.

SYSTEM

Shutdown Syrtem 1

Shutdown Synem 2

Emergency Core Cooliog

Negative Preuure Containment

UNAVAILABILITIES x 10' yean/year

PREDICTED

FUTURE

0.186

1.6(1

2.320

1.690

ACTUAL PAST

UNITO

_

_

0

0

UNTT1

0

0.04

0

0

UNIT2

0

0

0

0

VNIT3

0

1.37

0

0

UNTT4

0

0

0

0

Table 1: Sumnury of Safety SyMem Unavailability



A REVIEW OF SIGNIFICANT EVENTS

The leactor operating licence requires that specified
events be reported to the AECB. Ontario Hydro
reports these, and other events, to us in the form of
Significant Event Reports. For convenience, the
total number of events in each category are shown
graphically in Figure 3.

E»nt CaMsory

Figure 3: Categoric! of significant cvcnu.

There were fourteen events reported related to the
System Operating Diagram (SOD). The SOD
defines the operational boundaries for limiting
stress on the steam generator and steam drums. It
is often quite difficult for the operators to maintain
the reactor unit within these boundaries. Follow-up
analysis after these events showed that no Code
allowable stresses were exceeded. Planned
modifications will be installed as part of the
Bruce A rehabilitation program to increase the SOD
boundaries. We expect this to reduce, if not
eliminate, the number of SOD events in the future.

Many reported events reveal problems associated
with deficiencies in equipment. Passing valves,
passing gland packing, small steam leaks, faulty
activity monitors are examples of equipment
problems that have resulted in or contribute to
significant events. This should not be too
unexpected considering the large back-log of
corrective maintenance at the station (refer to the
section on maintenance). If Ontario Hydro's plans
for improvement are successful, we expect a
reduction in the number of these kinds of
significant events.

Bruce A have also fallen behind in preventative
maintenance. An example of the consequences this
could have is the unit 4 shutdown resulting from a
computer stall. It was determined that the stall was
caused by dirt build up and that the scheduled
cleaning was almost three years overdue. There
were two other computer failures reported. We
consider three computer failures in one year to be
unacceptable and will be monitoring this to see if a
trend is developing.

It is also evident that many significant events were
due to problems with material control at Bruce A.
These events include installing non-nuclear grade
material where nuclear grade material is required,
installing rupture disks that have the wrong setting,
running out of commodities, mix ups with parts
etc. We think that this is an area where
improvement is essential.

Safety significant field operations and maintenance
activities are not properly verified, in the opinion
of AECB site staff. Lack of effective verification
has been a major contributor to significant events.

There were four fuel handling events in 1991.
These included inserting the wrong number of fuel
bundles in a channel, fuelling the wrong channel,
and the belated discovery that the temperature
measurements on two channels were interchanged.
This last event is especially disturbing because
temperature change during fuelling is supposed to
be observed by the operators yet these two channels
had been fuelled many times and the lack of
expected temperature response went unnoticed. We
are, however, satisfied that the station management
will ensure that appropriate corrective action is
taken.



OPERATIONS AND MAINTENANCE Integrated Preventative Maintenance (IPM)

There is a large backlog of work at Bruce A.
There are over 1,000 outstanding identified
deficiencies per unit or about 20,000 outstanding
worker-hours per unit. There is also a backlog of
over 400 engineering changes to be completed;
completion rate is about one fifth of target. In
addition, preventative maintenance is well behind
target. 700 to 800 preventative maintenance
activities per month are not completed. There is a
data base of outstanding actions resulting from
significant events, audits and AECB actions. The
database contains over 1,000 outstanding actions.
These are reasons why the AECB has been
increasingly insistent for the past several years that
Ontario Hydro improve its standards of operation
and maintenance. We have also requested Ontario
Hydro to review and improve on testing and
maintenance programs for OP&P compliance.

There is, however, some reason for optimism at
Bruce A. Ontario Hydro and the station staff have
recognized the need to improve and have for the
past few years been developing a strategy to do so.
There have been some areas of improvement.

The following programs are in place or being
pursued to improve the standard of operation and
maintenance at Bruce A:

IPM is a program to upgrade station reliability with
an improved preventative maintenance program.
Reliability centred maintenance (RCM) is a key
element of the IPM program. The RCM program
being customized at Bruce A was developed for the
Electric Power Research Institute. RCM works as
follows:

• systems are analyzed to identify critical
components

• preventative maintenance tasks are tailored
to prevent the failures of critical
components

• a documented technical basis is formed for
all preventative maintenance tasks

In 1991 RCM analysis was completed for five
systems as a trial case. Later, the rest of the
systems will be done. Combined with the
rehabilitation program, IPM may change the
maintenance at Bruce A from a reactive/corrective
mode to a proactive/preventive mode.

We are pleased to see these initiatives underway
and consider it essential that efforts to develop and
sustain an effective IPM are sustained.

Rehabilitation Program

Ontario Hydro plans to spend in excess of
$850,000,000 on major projects and extensive
maintenance work on all four units. It should be
noted that the rehabilitation program is in addition
to the rerube program planned for Units 1 and 2 in
1997 and 1994 respectively. Most of the
rehabilitation work for Units 1 and 2 will take place
during retubing. For Units 3 and 4, it will be
carried out during scheduled outages. Work should
be completed by the year 2000. Examples of
improvements are as follows:

• replacement of the digital control
computers and plant display system;

• extensive modifications to airlocks and
transfer chambers.

Integrated Planning

Integrated planning is a multi-discipline team
approach to planning work. The objective of the
initiative is to develop a planning system that will
improve the daily coordination and execution of
maintenance work. By involving operators and
trades groups in the planning process, ownership in
the work is increased and job coordination is
improved. Integrated planning has shewn some
success in trials on Unit 1. The approach is to be
extended to the other units throughout 1992.



Spare Parts Availability Improvements

Bruce Nuclear Power Development (BNPD) Stores
initiated a program to identify those companies
which have a capability to reliably provide spare
parts. Also, Bruce Stores improved the availability
of spare parts from 96% to 97.4%. A spare parts
task force made improvements to accessibility of
spare parts b; making improvements to the
computer search system and by proactively
researching the materials requirements for
upcoming outages.

New Guaranteed Shutdown State Procedure

During a shutdown, it was found that the
overpoisoned guaranteed shutdown state of the
moderator had been violated, apparently for the
extent of the outage. The guarantee had not been
applied as per the procedure; a valve which is
supposed to be closed was )tft open. This was the
third instance, in a twelve month period, when
moderator condition guarantees had been found to
be compromised.

As a result of these events, a locking and tagging
system specific to 'guaranteed devices', has been
introduced. Operating procedures have also been
revised. It is now a requirement that a Shift
supervisor, Shift Operating Supervisor or
Authorised Nuclear Operator from the next shift,
verifies that the shutdown guarantee has been
correctly applied. In addition, the guaranteed state
will be reverified, during an outage, at designated
regular intervals. We carefully reviewed this new
procedure and agree with Ontario Hydro that it will
reduce, if not eliminate, errors in applying an
overpoisoned guaranteed shutdown state.

Some real improvements in maintenance have
occurred at Bruce A during 1991. Overall staff
levels have increased from about 750 at the
beginning of 1990 to about 1150 at the end of
1991. Positions have been created to increase the
amount of supervision in the field. More
equipment has been installed for radiation
protection. Chemistry control has improved.
Specific areas of operation and maintenance were
focused on for improvement. As can be seen by
Table Al (Station Performance Indicators), there
has been a significant reduction in the number of
jumpers (temporary changes to equipment) and
operating memos (temporary operating
instructions). Finally, the station has become much
better at monitoring performance with a
performance monitoring system which trends
important indicators. The trends have been made
available to all staff.



STATION MANAGEMENT TRAINING

A new Station Manager, Mr. K.H. Talbot started at
Bruce A in May, 1991. He has introduced a new
participatory management style.

The Quality Improvement Process (QIP) is Ontario
Hydro's overall plan for improving the quality of
its operation at nucleer generating stations.
Bruce A has been actively supporting QIP but,
progress has been slow.

With respect to reactor safety, we have observed
that the Bruce A station management consistently
make conservative decisions. It is also apparent
that management does convey their expectations
with respect to the conservative operation of the
plant through regular meetings with the operations
staff. It is not clear however, that these efforts
have been completely successful and that operators
are fully aware of expected safety culture
standards. Overall, we are satisfied with the
management at Bruce A.

Ninety percent of the candidates for authorized
positions passed the AECB set exams during 1991.

A training program for authorized staff, known as
"Authorization Continuing Training", is in place at
the BNPD. It consists of computer simulator
practice, plus periodic reviews of station system
upgrades, significant event reports, and changes to
station documentation. This training program is
not formally structured. Courses are periodically
held, to keep the knowledge of the authorized staff
up-to-date.

As part of authorization continuing training,
'Refresher Training" for authorized staff is under
development. This will include a review of certain
sections of the material covered in the original
authorization training program, and updates to that
material. The refresher training will be delivered
in a structured, classroom setting.

Other training initiatives at Bruce A during 1991,
included emergency preparedness training for
Emergency Operations Centre staff, a revised
reactor safety course, work protection training and
fire fighting training. The results appear positive.

We have been pleased with the effort that has been
made to improve fire fighting. The station has
been actively upgrading its capabilities, obtaining
new equipment, attaching staff to local fire
departments, and inviting these fire departments
back to tour the station and offer comments.
Station fire captains have been involved in
emergency planning and many fire drills have been
held.



EMERGENCY EXERCISES AND
DRILLS

The station completed 100% of the scheduled drills
during 1991. These included 31 fire drills, 32
sector survey drills and 33 search and rescue drills.
Also, each operator on shift is required to complete
eighteen emergency actions annually so that he/she
becomes and remains familiar with these tasks.
The actions are monitored by a qualified operator
or supervisor. One hundred percent of these were
completed. We are satisfied that Bruce A has
adequately maintained their program of emergency
exercises and drills and that these activities have
been effective.

In addition, a number of security drills were
carried out by the individual security shift crews.
A few problem areas were identified with
corrective action taken to ensure that appropriate
measures are in place to deal with such matters in
future. Security related exercises and drills are
considered an important proactive in being prepared
for emergency situations and AECB staff continue
to strongly encourage such action.

SAFETY ISSUES

Steam Generator Tube Integrity

Figure 4: A cut away view of • typical Bruce A Slum
Generator. Cncki in aome of the 4200 mil] diameter tubet
have beeD appearing »l tbe 40 degree U bend aupport.

On several occasions during 1991, it w necessary
to ihut down units to repair leaking (team generator
(SG) tubes. Shortly after each re-ctart, following
repair of identified leaks, new leaks would appear.
The current problem first appeared in November,
1990 and has been confined to Units 1 and 2 and to
particular SG'f, tee Table 2. Leaking was found to
be due to circumferentially oriented cracks in the
region of the 40 degree U-bend support (see Figure
4).
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The SG tubes are made from a tough, corrosion
resistant nickel alloy, called Inconel 600. The
tubes have a wall thickness of approximately 1 mm
with an outside diameter of almost 13 mm; there
are 4200 tubes in each SG and eight SG's per unit.
The unit must shut down when the leak rate
exceeds an operating limit of IS kg/hr.

Ontario Hydro set up a SG task group to determine
the root cause of the cracking problem and
recommend a course of action to resolve it.
Extensive investigations were carried out, involving
non-destructive examination of numerous tubes
(569 in Unit 1) and the removal of a cracked tube
from Unit 1 and Unit 2 for metallurgical
examination.

DATE

NOV90

JULY 91

AUG91

SEPT 91

OCT91

NOV91

UNIT

2

1

1

1

2

1

SG

4

6

3

6

3

6

NO. OF
TUBES

1

2

1

1

3

2

Table 2 : SG Tube Leiks it Bnice A

As a result of the investigations it was concluded
that cracking was due to two different mechanisms.

In Unit 2, the failure mechanism was found to be
intergranular and transgranular stress corrosion
cracking through the entire wall, apparently
associated with lead which was detected on the
fracture face. It is thought that a lead shielding
blanket was left in SG3 during a previous outage;
the lead eventually dissipated and was deposited on
the tubes.

In Unit 1, it was found that a crack had propagated
through the wall of SG tube by fatigue, starting
from the outside surface. There is a possibility that
cleaning of the upper two broach plates by water
Jancinf, carried out in August, 1990, may have
increased and redistributed flows within the SG;
this led to flow induced vibration of the tubes and
subsequent fatigue failure. No indication of lead
involvement was found.

After an assessment of Ontario Hydro's
submission, the Boilers and Pressure Vessels
Branch of the Ontario Ministry of Consumer and
Commercial Relations and the AECB gave their
approval for the restart of Unit 1 in February,
1992.

Unit 2 remains shut down. Ontario Hydro expects
the unit to restart no earlier than November, 1992.
However, it may be necessary to replace at least
one SG (SG3) to establish the unit's fitness for
return to service.

Pressure Tube Fretting

Fretting wear has been found in a number of fuel
channels, caused by a condition known as abnormal
fuel support (AFS). AFS and flow induced
vibration cave long been known to cause fretting
wear at the rolled joint of the pressure tube.

In fuel channels, the fuel bundles be within
pressure tubes through which the primary coolant
flows. The flow pushes the bundles downstream
against a fuel latch. The bundle at the upstream
end, in contrast, is relatively unrestrained and is
prone to flow-induced vibration. It starts off with
its outboard bearing pads resting on the liner spacer
tube within the end-fitting (see Figure 5, (a)).
Over time elongation of the channel in service, due
to creep, allows the bundle to move downstream
across the rolled joint until it rests completely
within the pressure tube. During this period,
bearing contact goes through a minimum (see
Figure 5, (b)). The minimum engagement is
between 0 and 6 mm. At the point of reduced
contact, fret marks occur on the pressure tube.

Figure 5 : Abnormal Fuel Support (AFS): In (b) ihe
wpport of Ihe fuel bundle ii ihown going through »
minimum u Ihe fuel channel lengthens with lime.
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The occurrence of fret marks in this region,
particularly if they are found to be deep and sharp
cornered (i.e. stress raisers) is of concern.
Hydrogen/deuterium in the primary coolant will
diffuse into the pressure tube metal and accumulate
at this region of elevated stress. Hard, brittle
hydrides form which precipitate during cold
shutdowns. If the hydrogen concentration stays
below a certain threshold concentration, known as
Terminal Solid Solubility (TSS), they redissolve at
operating temperatures. However, if the TSS is
exceeded and the stress is sufficiently high, delayed
hydride cracking (DHC) will occur; this can lead,
under certain circumstances, to rupture of the
pressure tube.

During the November forced outage of Unit 1, due
to steam generator tube leaks, nine pressure tubes
with known AFS fret marks were re-examined. It
was found that no change had taken place in the
length and width of these flaws. The examination
established their depth at between 0.07 and
0. IS mm. They appeared to be blunt (i.e. not
stress raisers).

As part of their submission requesting restart of
Unit 1, Ontario Hydro reported that hydrogen
concentrations in a significant number of Unit 1
inner zone inlet rolled joints were likely to be
above TSS. Although Ontario Hydro did not
expect that the fret marks known to exist would
cause DHC, they nevertheless carried out analysis
to prove that cracked pressure tubes would leak
before they break. In other words, primary coolant
would leak through the crack and the moisture
would be detected by the annulus gas system. The
unit would then be shut down before there was
danger of a pressure tube rupture.

Annulus Gas System Operation

Annulus gas string performance continues to be an
issue. Flow strings in Units 3 and 4 have
experienced blockages that impair the effectiveness
of the leak detecting capability of the system. The
blockages have been occurring when starting up the
system after a shutdown. They have been
attributed to the build up of an organic compound.
The compound would seem to be sensitive to
temperature because usually the blockages
disappear as the system warms up. In some
instances, pressurizing to clear the string has been
necessary. Because of this, operational constraints
have been put in place based upon the time to
detect a growing pressure tube crack given a
blocked annulus gas string.

Recently, reductions in annulus gas string flows
have been experienced on Unit 4 while at power.
This indicates problems beyond those attributed to
the organic compound. Flows have not yet
dropped below acceptable levels.

Permission for Unit 1 to start up was given in
February, 1992.
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QUALITY ASSURANCE

An audit of the Operations Quality Assurance
Program was carried out by us in September. This
was the fifth operations audit to be carried out at
Bruce A by AECB staff. The audit team was made
up of members of the Components and Quality
Assurance division and project staff.

The team audited compliance with work
procedures. The auditors found that the control of
the work activities observed was effective and the
degree of implementation of the corresponding
procedures was most satisfactory.

A 'PEER evaluation' of Bruce A was also carried
out in 1991. This involved a very detailed and
prolonged examination of the station's activities by
a team of qualified individuals from other Ontario
Hydro stations. Station staff have respcded to the
findings of the evaluation indicating what corrective
action will be taken.

ENVIRONMENTAL ASSESSMENTS

Ontario Hydro plans to chemically clean all the
boilers, starting with Unit 4 boilers during the fall
of 1992. Cleaning boilers by chemical means is an
established technology. However, due to the scope
of the project, large quantities of chemical solvents
will be used and later treated. An Environmental
Assessment Review Process (EARP) was initiated
to cover the operations at Bruce A and the
construction and operation of a Spent Solvent
Treatment Facility at the BNPD Site.
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CONCLUSIONS

We believe that Ontario Hydro has operated
Bruce A in an adequately safe manner and 1hat the
risk to the workers and public has been maintained
at an acceptably low level.

However, we are of the opinion that to maintain
continued assurance of safe operation, the current
performance standards at Bruce A must be
improved. We see a need for renewed efforts in
the following key areas:

• Reducing maintenance backlogs and
implementing an effective preventative
maintenance program.

• Reducing backlogs of outstanding ECNs,
operating document revisions, corrective
actions from SER reviews, and audit
findings.

• Upgrading in-house contamination control
and adherence to the Radiation Protection
Procedures/Regulations.

• Finding a solution to the technical
problems with leaking steam generator
tubes, pressure tube fretting, and annulus
gas system blockages.

• Implementing a technical surveillance
program in accordance with station
procedure.

• Completing on a priority basis the planned
actions necessary to ensure compliance
with OP&P.

• Improving the process of verification of
safety significant field operations and
maintenance.

On the positive side, we see that station
management continues to maintain a commitment to
conservative, safe operation of the station. The
station staff is actively striving for improvements.
Programs to achieve this include:

• Ontario Hydro's Quality Improvement
Program

• Bruce A Rehabilitation Program

• Integrated Operational Planning

• Integrated Preventative Maintenance
Planning

• Spare Parts Availability

• Emergency Preparedness

We recognize that there have been some
achievements to date in the areas such as
commitment amongst station staff to quality
improvement, reductions in temporary operating
conditions and instructions and in chemistry
control. We are expecting to see further progress
in the near future.



GLOSSARY

Air Locks

Anmilus Gas System (AGS)

Annunciation (AN)

As Low As Reasonably Achievable
(ALARA)

Atomic Energy of Canada Limited
(AECL)

Atomic Energy Control Board (AECB)

Atomic Energy Control Regulations

Audit

The means of access to and from the
reactor building, which is designed to
maintain the containment integrity during
personnel and equipment transfers.

A continuously circulating system of
carbon dioxide gas in the spaces between
the pressure tubes and calandria tubes
used to thermally insulate the tubes from
each other and to permit early detection
of tube leaks.

An alarm window system which indicates
reactor or heat transport system operating
states. The windows seal-in when pre-set
system limits are exceeded and will not
clear until reset by operator.

The principle of keeping radiation doses
'as low as reasonably achievable', social
and economic factors being taken into
account.

A crown company incorporated in 1952
responsible for research into and
development of peaceful uses of nuclear
energy, in particular the development of
nuclear power systems to meet Canadian
needs and improved applications of
radioisotopes and radiation.

A federal departmental corporation
established in 1946 by the Atomic Energy
Control Act to control the development,
application and use of nuclear energy in
Canada and to participate on behalf of
Canada in international measures of
control. The AECB reports to
Parliament through the Minister of
Energy, Mines and Resources.

Regulations made pursuant to the Atomic
Energy Control Act by the AECB.

Verification and evaluation of a
document, process or work related to
station operation.



Authorized Staff

Bearing Pad

Bequerel (Bq)

Boiler-

Boiler Tubes

Bruce Nuclear Power Development
(BNPD)

Call-Ups

Canadian Deuterium-Uranium Reactor
(CANDU)

Channel

Closure Plug

Persons that have been authorized to
function in a specific capacity by the
AECB in accordance with the provisions
of the reactor operating licence.

A metallic pad brazed to the outer ring
of fuel elements in a bundle. They
maintain proper clearances between the
bundle and the pressure tube.

The SI unit for the radioactivity of a
source. It is equivalent to one
disintegration per second.

Also known as a steam generator. A
heat exchanger that transfers heat from
the heavy water coolant to light water to
form steam in its upper portion, which is
delivered by piping to the turbine.

Also known as steam generator tubes.
The inverted U shaped tubes that contain
the heavy water coolant, separating it
from the natural water outside the tubes
which boils to produce steam. Boilers
typically contain several thousand tubes.

The Ontario Hydro property on which
stands Bruce NGS'A", Bruce NGS'B",
Bruce Heavy Water Plant, and various
ancillary services.

Abo known as scheduled preventive
maintenance. A routine maintenance
item or a check on a component which is
carried out at regular intervals.

Canadian designed reactor moderated and
cooled by heavy water and fuelled with
natural uranium. "CANDU" is derived
from Canada. .Deuterium, .Uranium.

A horizontal channel in or through the
core of a reactor in which the fuel
elements lie.

A removable plug that seals each end of
a pressure tube. It contains the heavy
water coolant in the tube, and can be
removed for refuelling exercises.



Confinement

Contamination

Creep

Defence in Depth

Deficiency Report (DR)

Derived Emission Limit (DEL)

Delayed Hydride Cracking

There are several areas outside
containment where there is a possibility of
a limited release of radioactivity. These
areas are enclosed by a confinement
system, designed to collect leaks and
confine activity releases.

The deposition of radioactive material in
any place where it is not desired, and
particularly in any place where its
presence may be harmful.

The elongation of pressure tubes over
time due to neutron bombardment.

An important and fundamental principle
in the design and operation of any station.
It involves a multiple barrier approach in
achieving safety.

Also known as a Work Order. A
document used to start a particular job,
as all jobs in the station are subject to
control.

A calculated amount of radioactivity that
if it were released from the station, would
result in a radiation exposure of 5 mSv to
a member of the public in the worst
possible case. Five mSv is the maximum
annual radiation exposure allowed for
members of the public by the Atomic
Energy Control Regulations. The
calculation is done by camming the effect
of the radioactivity on a theoretical person
who lives full time at the station
boundary, eats only food harvested local
to the station, and drinks only water from
the station's discharges. This theoretical
individual is known as the 'critical
individual'.

A condition can exist in which wearing or
fretting of a pressure tube can take place
at a rate which exceeds the rate
anticipated by designers. The
combination of this condition and the
ingress of deuterium into the tube wall
can, in theory, lead to a phenomenon
known as delayed hydride cracking.



Digital Control Computer (DCC)

Eddy Current Testing

Emergency Coolant Injection System-
( E d )

End Fittings

End Plates

Flow String

Flux

Fretting

Fuel Bundle

Fuel Handling

Forms part of a dual digital computer
system used on each reactor unit for
control, alarm annunciation and data
display. A fault in any essential part of
the master computer results in automatic
transfer of control to the standby
computer. If both computers fail, the
unit is automatically shut down.

A means of determining the existence of
flaws in a tube of electrically conductive
material by the relative motion of a
magnetic flux and the tube.

A supply of cold water which can quickly
be injected into the fuel channels of the
reactor in the event that the normal
source of cooling water is lost.

Attachments to the ends of pressure tubes
that provide entry and exit connection for
the heavy water coolant. They provide
pressure tight connections for the fuelling
machines.

The elements of a fuel bundle are welded
to two end plates to form the cylindrical
shape of the bundle. Besides maintaining
separation between the elements at the
bundle extremities, the end plates have
holes in them to allow for coolant flow.

The carbon dioxide gas that flows in the
annulus between the pressure tube and
the calandria tube is directed to
approximately fifty parallel paths. Each
path, called a fiowstring, serves from
three to twelve fuel channels. The flows
are controlled in each path.

The flow of neutrons inside the reactor.

The wearing or damage caused by one
material upon another due to vibration.

A bundle of rods containing natural
uranium fuel and formed into a full
cylinder that fits snugly in the fuel
channel.

The system that is responsible for fuel
changing and storage of new and
irradiated fuel.



Fuelling Machine (FM)

Guaranteed Device

Guaranteed Shutdown State (GSS)

Heat Exchanger (HX)

Gray (Gy)

Hydride

Interlock

Liner Spacer Tube

Loss of Coolant Accident (LOCA)

Moderator

Equipment used to fuel the reactor. Two
remotely controlled FMs work at opposite
ends of the same fuel channel, with one
machine inserting new fuel and the other
removing irradiated fuel while the reactor
continues to operate.

A piece of equipment or system that has
been removed from service, by locking for
example, as part of the guaranteed
shutdown state.

A method for ensuring that the reactor
stays shut down which includes injecting
poison into the moderator or draining the
moderator from the reactor.

Equipment that transfers heat between
systems.

The SI unit of absorbed radiation dose,
one joule per kilogram. One Gy is the
same as 100 rads.

A binary compound of hydrogen,
especially with metal.

A connection between pieces of
equipment that ensures that they cannot
be operated unsafely.

A tube that is contained within the end
fittings. It has radial holes to allow the
coolant to enter or leave the fuel channel.

An accident in which a failure in the heat
transport system causes the heavy water
coolant to be lost faster than it can be
replaced by the normal heat transport
coolant supply. The emergency coolant
injection system is installed to permit fuel
cooling if this happens.

The heavy water in the calandria whose
function is to slow down the neutrons
released by fission to energies at which
they are likely to produce additional
fissions. Because the moderator heavy
water surrounds the fuel channels, it also
performs cooling and protection if a
major accident were to cause a complete
loss of cooling to the fuel channels.



Negative Pressure Containment (NPC)

Nuclear Grade Material

Pressurizer

Primary Heat Transport System (PHT)

Process System

Process Failure

Quality Assurance (QA)

Quality Improvement Process (QIP)

Radiation Protection Regulations

Rubber Area

The building surrounding the reactor. It
isolates the reactor from the environment
and prevents radiation, which might be
released in an accident, from escaping.

Material that meets nuclear industry
standards established for certain
equipment at a station.

A large steel vessel connected to the heat
transport system and containing a cushion
of steam above the heat transport coolant
in it. It smooths out any rapid changes in
pressure that can occur, and
accommodates large changes in volume of
the coolant that occur at start-up and
cool-down.

A closed circuit that transports the heat
generated by fission and decay heat from
the reactor fuel to the boilers by
circulating pressurized heavy water
through the fuel channels.

Any of the reactor's systems which are
used in the process of turning nuclear
fission energy into electricity. This
distinguishes them from safety systems,
which are incorporated only to protect the
reactor.

Failure of a process system.

A formal program of standards,
procedures and checks which controls the
quality of work carried out on the station.

A process instituted by Ontario Hydro to
improve the quality of reactor operation.

Regulations issued by the licensee and
approved by the AECB that state the
radiation protection standards to be met
at a station.

A specially prepared ares of floor in the
plant where it is foreseen that there will
be loose radioactive contamination. Its
purpose is to contain the contamination
and not to let it spread. It is so called
because persons entering don rubber
overshoes before stepping into the area,
:md remove them when leaving.



Reliability Analysis

Retube

Rupture Disk

Safety Related System

Special Safety Systems

Shield Plug

Shift Operating Supervisor

Shift Supervisor

Shutdown System (SDS)

A study provided by the licensee that
demonstrates that a system can be relied
upon to a specified degree of confidence
to its designed function.

Pressure tube replacement.

A pressure relieving device.

Those systems, components, structures or
design features which, by virtue of failure
to perform in accordance with the design
intent, directly contribute to radiological
ris1 to the public or station personnel
from the operation of BNGS'A".

Functionally independent systems that can,
if needed, shut down the reactor
(shutdown systems), refill the reactor core
with coolant, remove residual or "decay"
heat from the fuel (emergency coolant
injection system), and prevent release to
the environment of radioactivity which
may escape from the reactor (containment
system).

A stainless steel plug that provides
gamma ray shielding at the ends of the
fuel channels.

The person on a shift who ensures that
the shift operating staff function
effectively within their authority limits.

The technical expert in charge of a shift,
who ensures that the conditions of the
Operating Licence and the Operating
Policies and Principles are rigorously
observed. The shift supervisor also
ensures that all production, commissioning
and maintenance work is carried out to
an acceptable standard.

Consists of two independent systems, each
capable of shutting down the reactor.
The first shutdown system uses gravity-
drop solid shut-off rods; the second
injects pressurized liquid poison
(gadolinium nitrate) into the moderator.



Shutdown System No. 1 (SDS1)

Shutdown System No. 2 (SDS2)

Shutoff Rods (SR)

Sievert (milli, micro)

Significant Event Report (SER)

Steam Drum

Steam Generator (SG)

Tritium

Unavailability

USI

Work Protection Code

The primary method of quickly shutting
down the reactor when certain parameters
enter an unacceptable range, involving the
release of spring assisted gravity-drop
neutron absorber elements known as
shutoff rods.

An alternate method of shutting down the
reactor by rapidly injecting a neutron
poison (gadolinium nitrate) into the
moderator through horizontal tubes that
enter one side of the reactor and
terminate as nozzles in the moderator.

Neutron absorbing rods that can be
dropped into the reactor under abnormal
conditions to shut it down quickly and
safely.

A measurement of radiation exposure.
One Sievert is the same as 100 rem. One
milUSievert is one thousandth of a Sievert
(0.001 Sv). One microSievcrt is one
millionth of a Sievert.

A formal report of an event occurring in
the station that is abnormal according to
certain criteria.

The upper portion of a boiler where the
steam is collected and directed to the
turbine.

Boiler.

A radioactive isotope of hydrogen which
is produced in the reactor's heavy water
during operation.

The unavailability of a system or
component is the fraction of time that it
is unavailable to perform its function if it
would be called upon to do so.

A numbering code used to identify
equipment and systems at a station.

A set of rules and procedures that
operators and maintenance workers must
follow while the work is performed on
plant systems to ensure that the latter
protected from bodily harm.



TABLE Al

STATION PERFORMANCE INDICATORS
BRUCE WGS'A'

1.

1.1

1.1.1

1.1.2

1.1.3

1.1.4

1.1.5

1.1.6

1.2

1.2.1

RADIATION CONTROL

Occupational Safety

Total Whole Body Dose (Sv)

Total Extremity Dose (Sv)

Total Fuel Handling Extremity Dose
<Sv)

Total Neutron Dose (mSv)

Number of exposures > Regulatory
Limits

Number of radiation related
supervisor's investigations

Public Safety

Releases from the Station

al Airborne

Tritium No of weeks >1% DEL
Average % DEL for year

Noble Gas No of weeks >1% DEL
Average % DEL for year

Iodine 131 No of weeks >1% DEL
Average % DEL for year

Particulates No of weeks > 1% DEL
Average % DEL for year

bl Waterborne

rritium No of months > 1% DEL
Average % DEL for year

iross i No of months > 1% DEL
Average % DEL for year

c) Total Heaw Water Loss fkal
(if excessive, should be

reflected in higher tritium
releases)

dl Critical Adult Dose (uSv)

1991 VALUE

2.60

6.89

1.33

8.66

0

45

1
0.26

0
0.37

0
0.004

0
0.002

0
0.21

0
0.12

36 687 *

9.0

1990 VALUE

3.76

7.87

1.61

0.84

0

31

0
0.42

0
0.2

0
0.005

0
0.003

0
0.073

0
0.11

5 362

6.2

1989 VALUE

4.26

5.57

1.13

0.14

0

43

8
0.6

1
0.59

0
0.01b

0
0.001

0
0.31

0
0.12

19 544

8.6

ACCEPTABLE
(Y/N)

y

Y

Y

Y

Y

Y

N
Y

Y
Y

Y
Y

Y
Y

Y
Y

Y
Y

Y

Y
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1.2.2 Environmental Measurements

Average Boundary dose rate
(nGy/hr)

(Acceptable ir within range of
provincial reference sites value and
not a significant increase from
previous years)

Average Boundary Tritium in Air
(MPCa)

(> .It MPCa would indicate a marked
increase and would require
invest igat ion)

Average Tritium Concentration in
Precipitation (Bg/1)

(Average of all measurement sites)

Average Grose 0 in Precipitation
(MGq/kmVnith)

Average Tritium in Milk (Bq/1)

Average C14 in Milk (Bq/1)

Average 1131 in Milk (Bq/1)

Average Tritium in drinking water
(kBq/1)

Average gross /? in drinking water
(Bq/1)

1991 VALUE

46.8

0.027%

235

36.4

9.5

307

<0.21

46

0.10

1990 VALUE

44.7

0.032%

295

41.8

26

274

0.15

22.5

0.09

19B9 VALUE

37

0.052%

484

36

32

230

0.118

37.5

0.118

ACCEPTABLE
(Y/N)

Y

Y

Y

Y

Y

Y

Y

Y

Y
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2.

2.1

2.2

PLANT CONTROL

Number of Non-Spurious Reactor
Tripe/Unit

Number of Serious Process
Failures/Unit

2 . 3 Special Safety System Unavailab

This Year

Unit: 1 2 3 4

SDS1 0 0 0 0

SDS2 0.04 0 1.37 0

Containment 0 0 0 0

ECI 0 0 0 0

2.4

2.5

2.6

2.7

3.

3.1

3.2

3.3

4.

4.1

4.1.1

4.1.2

1991 VALUE

1

0.25 **

1990 VALUE

0

0

le (10'3 Years/Year) Targ

Last Year

1 2 3 4

0 0 0 0

0 49.3 0 0

78.7 78.7 78.7 78.7

0.52 0.52 0.52 0.52

Number of Reportable Incidents/Unit

Number of Fires

Number of Significant Human Errors
Reported

Plant Capacity Factor

PLANT MAINTENANCE

Number of Unplanned Outages/Unit

Number of Call-Ups Outstanding at
year-end

Average of Monthly DRs
OutBtanding/Unit

PLANT DOCUMENTATION

Documentation

Average No. of Operating Memos in
force/unit on 31 December

Number of Memoe extant > 6 months

17

5 {none
serious)

48

63.9

4.75

852

1050 ***

36

80

8.2

6

43

47.4

3

585

1093

47

129

1989 VALUE

1.25

0

Bt: 10'3y/y
Predicted
Future

0.186

1.681

1.690

2.32

14.5

4

53

53.55

1.25

431

1360

55

68

ACCEPTABLE
(Y/N)

Y

N

Y

N

Y

Y

Y

Y

N

N/A

N

N

N

Y (Trend)

Y (Trend)
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4.

4.1.3

4.1.4

4.1.5

4.2

4.2.1

4.2.2

4.3

4.3.1

PLANT MAINTENANCE —Continued

Number of systems (USI) with >1 Op
Memo extant

Number of Operating Memos behind
schedule for review

Total number of jumpers

Training

% Scheduled drills completed

% Candidates passing AECB exams.

Security

Number of reportable security events

1991 VALUE

3

48 eat.

582

100*

90%

1

1990 VALUE

12

72

667

100%

97*

0

1989 VALUE

15

18

945

90*

95*

0

ACCEPTABLE
(Y/N)

Y (Trend)

N

Y (Trend)

Y

Y

Y

MOTE:

* High losses due to Boiler Tube leaks. (Page 1)

** AECB staff has classified one event as a "potentially aerious process system
failure". This is still under investigation.

••* 9 month average only as information for
Jan, Fsb and March not available on BIMS. (Page 3)


