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1 he Atomic Energy Control Board is the independent federal agency

that controls all nuclear activities in Canada. Our mission is to ensure

that the use of nuclear energy in Canada does not pose undue risk to

health, safety, security and the environment.

A major use of nuclear energy in Canada is electricity production.

We have an office at every nuclear generating station, and we

monitor the stations on a day-to-day basis. Specialists in our Ottawa

head office work with the on-site staff to accomplish our mission.

We assess every station's performance against legal requirements,

including the conditions in the operating licence we issue. To do this,

we review all aspects of a station's operation and management, and

we inspect each station.
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SUMMARY

1 his report is theAtomic

Energy Control Board staff

assessment pf safety at Bruce

Nuclear Generating Station A

for 1995. Our on-site Project

Officers and Ottawa-based

specialists monitored the sta-

tion throughout the year.

We consider that Ontario

Hydro operated Bruce A safely

in 1995, maintaining the risk to

workers and the public at an

acceptably low level. Radiation

doses to workers and releases

to the environment were well

below regulatory limits.

However, we believe Ontario

Hydro must improve contami-

nation control at Bruce A.

Special safety system perfor-

mance at Bruce A was less

than adequate. The negative

pressure containment system

and unit 4's shutdown system

two exceeded unavailability

targets in 1995. However, we

are satisfied Ontario Hydro is

taking appropriate action to

correct this.

As required by the operating

licence, Ontario Hydro took

unit 2 out of service in October

and placed it in a shutdown

state approved by the AECB.

As had been previously

agreed, the unit was operated

up to the time that the boilers

reached the limit of their safe

operating life as determined

by conservative analysis.

Ontario Hydro made good

progress on the development

of a plant-wide risk model and

insights gained from the

process were effectively used

to assess and manage risk dur-

ing the unit 4 outage.

We believe that Ontario

Hydro is continuing to manage

Bruce A well and continues to

place a high priority on safety.

We were particularly pleased

with Bruce A staff's follow-up to

the Pickering loss of coolant

and Bruce B liquid relief valve

failure events.



INTRODUCTION

Druce Nuclear Generating

Station A (Bruce A) is located

on the shores of Lake Huron,

between the towns of

Kincardine and Port Elgin.

It houses four 850 megawatt

Canadian Deuterium Uranium

Reactors (CANDU) with a

design life of 40 years.

This report is the Atomic Energy

Control Board (AECB) staff

assessment of the safety per-

formance of Bruce A during

1995. AECB staff at the Bruce

site office and the head office

in Ottawa compiled the report.

We base our review on our

own observations and on infor-

mation submitted to us by

Ontario Hydro as required by

Bruce A's operating licence.

At our head office in Ottawa,

the public can consult docu-

ments relevant to the licensing

process for nuclear facilities.

Our public library also contains

an important collection of

documents, available on

request. Apart from the AECB

Staff Annual Assessment

Reports, we publish an AECB

Annual Report, research

reports, communiques, infor-

mation bulletins, notices and

pamphlets. Board meeting

minutes are also available.

Our address is 280 Slater Street,

Ottawa, Ontario, Canada.

Please mail any written

requests for information to:

Atomic Energy Control

Board

Office of Public Information

P.O. Box 1046

Ottawa, Ontario

Canada KIP5S9

We can also be reached by

telephone at 613-995-5894

or 1-800-668-5284.

The nuclear industry uses

many technical terms in its

day-to-day operations. To help

our readers, we have provided

a glossary of the technical

terms used in this report. We

have italicized glossary terms

the first time they appear in

the report.

Although we use similar terms

to describe safety performance

for each of the nuclear generat-

ing stations in Canada, many of

them have different contexts.

Readers should be aware that

direct comparison between

stations is difficult, and often

not appropriate.

NEXT PAQE(S)
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OPERATIONAL SAFETY

COMPLIANCE WITH
RELATIONS MADE
IINDER THE ATOMIC
INERGY CONTROL ACT

Generally, Bruce A complied

with the Atomic Energy Control

Regulations during 1995. There

was a small number of non-

compliances of minor safety

significance that involved the

discovery of unposted radiation

fields within Bruce A greater

than 0.025 miU'tsieverls per hour.

In two instances, the fields

were associated with improp-

erly stored waste. In the other

two, and more serious

instances, Ontario Hydro staff

found contamination, originating

from the station, on material at

other Bruce Nuclear Power

Development locations. In all

cases, the radiation fields

dropped off rapidly with dis-

tance, and it is unlikely that

anyone received a significant

dose from any of this material.

The above events notwith-

standing, we believe that

Ontario Hydro at Bruce A has

made progress in improving

the safe handling of waste over

the past year. The number of

events has decreased from

previous years and our own

audits of waste handling proce-

dures have concluded that

Bruce A has made improve-

ments. We are also satisfied

that Ontario Hydro took appro-

priate action on discovery of

these problems.

We are generally satisfied with

Ontario Hydro's compliance

with the Physical Security

Regulations at Bruce A. However,

our most recent security

assessment identified a few

areas of concern, including

some that have been outstand-

ing for some time. We expect

Ontario Hydro to resolve these

in 1996. We have also request-

ed Ontario Hydro to conduct

regular security drills to

confirm the operational and

technical features of Bruce A's

security systems.

Ontario Hydro did not report

any non-compliances with

the Transport Packaging of

Radioactive Materials

Regulations at Bruce A in 1995.



Ontario Hydro complied with

the Cost Recovery Regulations

at Bruce A in 1995.

COMPLIANCE WITH THE
OPERATING LICENCE

The Atomic Energy Control

Regulations state that opera-

tion of the station must be in

accordance with the Reactor

Operating Licence. The reactor

operating licences that we

issue define the conditions

that the licensee must meet.

One condition requires the

licensee to operate according

to a set of Operating Policies

and Principles, and to comply

with a set of Radiation Protection

Regulations. Failure to comply

with a licence condition is a

licence non-compliance.

Our review of 1995 Bruce A

Significant Event Reports revealed

that Ontario Hydro reported

27 non-compliances with the

operating licence. This is simi-

lar to last year. Most of these

non-compliances were the

result of human failure and

we believe Ontario Hydro

could improve performance

in this area.

Of the licence non-compliances,

Ontario Hydro has categorized

five as "resulting in a mea-

surable reduction in the margin

o( safety and an increase in

public risk". Containment

problems accounted for three

of these, with shutdown system

two accounting for the other

two. We discuss these in the

section on Safety System

Performance. From our review

of these events, we agree with

this assessment. It is also our

assessment that none of the

events represented a sufficient

increase in public risk to war-

rant regulatory action. In each

case, the reduction in the mar-

gin of safety was small or the

time of risk increase was short.

EVENTS REPORTED TO
THE AECB

At the start of 1995, a new

AECB regulatory document,

"R-99, Reporting Requirements

for Operating Nuclear Power

Facilities" (R99), came into

effect. Generally, Ontario

Hydro at Bruce A complied

very well with R99 require-

ments. This involved providing

same-day oral reports of

"reportable" events and

written reports within 15 days.

Ontario Hydro recorded the

few occasions where it did not

meet the R99 time constraints

as another event and a licence

non-compliance.

Table 1: REPORTABLE EVENTS BY R99 CATEGORY

TYPE

Operating licence condition non-compliances

Degradation of special safety system or
safety-related system

Hydrogen or deuterium concentration in
cover gas greater than 4%

Discovery of safety problem arising from
operating experience

Pressure boundary degradation

Potential serious process failure

Automatic or intentional reactor trip

New analysis findings

Miscellaneous

NO.

27

13

5

5

3

2

3

I

5



We are generally satisfied with

Ontario Hydro's reporting,

investigating and follow-up

of significant events at Bruce A.

Where appropriate, we discuss

events in the applicable

section of the report.

In 1995, Ontario Hydro report-

ed 55 significant events that

met the R99 reporting require-

ments. Table 1 provides a

breakdown of these reports by

R99 category. Many reportable

events fit in more than one

category, thus the number of

events shown in Table I is

more than 54. One important

trend that stands out for 1995

is the 10 events related to

containment, many of which

were the result of airlock door

seal problems. As a result,

the negative pressure containment

system did not meet its

availability target in 1995.

We expect Bruce A's airlock

upgrade program to improve

this performance. Ontario

Hydro has hired a consultant

to determine if there are

any other root causes for contain-

ment problems.

There were no serious process

failures at Bruce A in 1995.

Figure 1: AVERAGE WORKER DOSE

(dose (mSv) vs year)
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WORKER RADIATION
SAFETY

We consider the radiation

protection program at Bruce A

satisfactory, but Ontario Hydro

needs to improve in some

areas, particularly in personnel

contamination control.

No worker at Bruce A received

a dose in excess of the regula-

tory limit of 50 millisieverts

(mSv) per year. As Figure I

shows, the average worker dose

in 1995 was 3.42 mSv, up from

2.80 mSv in 1994. Table 2 shows

the distribution of dose among

station personnel in 1995.

Figure 2 shows that the 1995

collective station dose (the

total dose received by all sta-

tion staff combined) was 5.64

person-sieverts, up from 5.55

person-sieverts in 1994. We

had expected the collective

station dose to drop in 1995

since Ontario Hydro has had

an improved dose manage-

ment system in place at

Bruce A for two years.



Figure 2: COLLECTIVE DOSE

(dose (Sv) vs year)

1992 1993 1994 1995

Four reactors

Bruce A has had long unit out-

ages over the past three years.

These outages expose workers

who perform certain tasks to

high radiation levels. Also,

routine tasks, such as spent

fuel handling and fuelling

machine maintenance, expose

Bruce A staff to relatively

high fields.

During 1995, Ontario Hydro

applied its improved dose

management system to these

tasks at Bruce A. The intent

of the program is to keep

individual and collective doses

as low as reasonably achievable.

Bruce A's collective dose for

1995 indicates that it has not

yet achieved this goal.

This year, Ontario Hydro imple-

mented a revised radioactive

solid waste handling system.

We completed an appraisal

of this system and found a

substantial improvement over

the previous system.

An increased number of

personnel contaminations

occurred in 1995. The increase

was, in part, the result of addi-

tional laundry activities involv-

ing contaminated clothing.

Although none of these events

resulted in serious radiological

consequences, they provide

objective evidence of a deteri-

oration in contamination con-

trol. We expressed our concern

to Bruce A management and

expect to see a better perfor-

mance in the future.

PUBLIC RADIATION SAFETY

No member of the public

received a dose in excess of

the regulatory limit of 5 mSv

per year. Ontario Hydro esti-

mates that the highest dose a

member of the public could

have received from Bruce A

was 0.0041 mSv. This is slightly

less than in 1994 and less than

one tenth of I percent of the

regulatory limit.

Figures 3 and 4 show the air-

borne and liquid releases from

Bruce A during the last four

years. The releases of radio-

nuclides from Bruce A to the

environment were below the

operational annual target of

I percent of the regulatory

limit. Also, Bruce A releases

did not exceed any weekly

target during 1995.

In November, Bruce A's tritium

releases to Lake Huron were

significantly above normal.

Bruce A has a formal commu-

nication protocol with the

Ontario Ministry of Energy

and the Environment. The

November release was not

large enough to trigger this



Figure 3: AIRBORNE RELEASES

(percentage of regulatory limit vs year)
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formal communication protocol.

Communications outside the

normal channels led to infor-

mation circulating among

provincial and local authorities

on high, but inaccurate, tritium

levels in drinking water sources

near Bruce A. Tritium levels

never reached the concentra-

tion limit of 7000 Becquereh

per litre proposed in Ontario's

Drinking Water Objective.

Ontario Hydro is working with

provincial and local authorities

on a new communications pro-

tocol that is intended to pre-

vent unnecessary alarm while

providing timely and accurate

information.

Besides monitoring radio-

active releases from the

station, Ontario Hydro carries

out a Bruce Nuclear Power

Development (BNPD) environ-

mental program. This program

measures levels of radioactivity

in the environment surround-

ing BNPD and accounts for con-

tributions from Bruce A and

other BNPD licensed facilities.

The doses to members of the

public, estimated from the

environmental program, remain

lower than the doses estimated

from the station releases.



SAFETY SYSTEM
PERFORMANCE

Special safety system performance

was less than adequate during

1995. Table 3 summarizes the

1995 special safety system per-

formance. The target availabili-

ty of the special safety systems

is 99.9 percent. To meet this, a

special safety system must not

be unavailable for more than

8.76 hours per year. As Table 3

shows, shutdown system one and

the emergency coolant injection sys-

tem met this target. However,

the negative pressure contain-

ment system and shutdown

system two on unit 4 did not.

Most of the unavailability of the

negative pressure containment

system was due to problems

with airlocks. The air pressure

in the door seals dropped

below the specified level

required to confirm airtightness

of the seal, but not low enough

to trigger an alarm. This situa-

tion existed undetected for a

relatively longtime. In 1996,

Ontario Hydro expects to com-

plete a program to upgrade all

airlocks in the station, which

should prevent recurrence.

Until these upgrades are

complete, Ontario Hydro is

monitoring the airlock seals'

pressures closely.

During one start-up when

reactor power signals for reac-

tor trip were reading low,

shutdown system two on unit 4

was functional, but not to design

requirements. As a result,

Ontario Hydro estimated that

the trip would occur at about

5 percent power instead of

0.5 percent power. Ontario

Hydro determined that the

problem was due to non-linear

response of the instrumentation

at low power. Ontario Hydro

reviewed this event and

showed that the trip would

still have been effective.

Table 3 also shows the predicted

future unavailability of each

special safety system. Ontario

Hydro calculates these using

models that include the past

six years of operational data

and the current design of the

system. As Table 3 shows, the

predicted future unavailabili-

ties of the emergency coolant

injection system and the nega-

tive pressure containment are

above target. There has been

some improvement in the pre-

dicted future unavailability of

the negative pressure contain-

ment system over last year due

to airlock upgrades. We expect

this to continue to improve as

Bruce A completes more of the

upgrades. The Bruce A emer-

gency coolant injection system

is similar to the Bruce B

Table 3: SPECIAL SAFETY

SYSTEM

Shutdown system 1

Shutdown system 2

Emergency coolant
injection system

Negative pressure
containment system

SYSTEM UNAVAILABILITY

PREDICTED FUTURE UNAVAILABILITY
(h/yr)

0.74

2.86

12.7

12 2

UNIT 0

n/a

n/a

0

5 4 . 3

1995
(h/yr)

UNIT 1

0

0

0

54,3

UNAVAILABILITY

Target: 8.76 h/yr)

UNIT 2

0

0.

0

54 .3

UNIT 3

0

3 . I 5

0

54 .3

UNIT 4

0

134.7

0

54.3



design. A more comprehensive

analysis performed for the

Bruce B system shows that it

meets the design target. We

expect that when Ontario

Hydro completes a similar

analysis for the Bruce A emer-

gency coolant injection system,

it will show its predicted future

availability within target, as

long as actual system perfor-

mance is adequate.

Ontario Hydro verifies the

availability of safety systems

by regularly conducting safety

system tests. These tests are

intended to demonstrate that

safety equipment and reactor

trips will operate as intended.

A few years ago, AECB site staff

identified a concern that the

tests may not be capable of

properly demonstrating safety

system operational capability,

and requested Ontario Hydro

take appropriate action. In

1995, Ontario Hydro completed

a detailed review of the safety

system tests performed at

Bruce A and confirmed that, in

some cases, a complete

demonstration of operational

capability cannot be achieved

with testing alone. For exam-

ple, it may be impossible for

an operator to read an analog

meter with the accuracy

required of the test. Therefore,

Ontario Hydro has begun to

augment the testing program

with enhanced instrument

maintenance and calibration

programs. The intent of these

programs is to confirm that the

actual field equipment status is

as presumed in the safety

analysis. We view this as a pos-

itive step to increase assurance

that the safety systems will

operate as designed.

In 1995, Ontario Hydro com-

pleted 91.2 percent of the

scheduled preventive maintenance

on special safety systems at

Bruce A.

OPERATIONS AND
MAINTENANCE

OPERATION

Bruce A achieved a 1995 net

capacity factor of 53 percent,

up from 47 percent in 1994.

The increase was due in part

to progress made by Ontario

Hydro with respect to the flow

reversal problem discussed in

previous annual reports. This

allowed Bruce A units to oper-

ate at a maximum power of 75

percent throughout 1995, com-

pared to the 60 percent limit in

effect during part of 1994. Long

maintenance outages and a

restriction to a maximum of

75 percent power prevented

Bruce A from achieving a higher

capacity factor.

There were no significant safe-

ty concerns arising from the

nine completed reactor trips,

all spurious, during 1995. Most

of these occurred when the

operator had tripped one chan-

nel for testing and a second

channel had a spurious signal.

These numbers include trips

while the reactor was critical as

well as when the reactor was in

a guaranteed shutdown slate.

During the second quarter,

hydrogen (which is used as

a coolant for the electrical

generator) began to leak from

unit I and 3 generators. One

leak temporarily exceeded

300 cubic metres per day.

We discussed the risk of a

hydrogen fire with Bruce A

staff. As an interim measure,

Ontario Hydro increased

monitoring and ventilation,

and reviewed operating and

emergency procedures. Ontario

Hydro staff also developed

plans to repair the leaks during

the units' outages. The repairs

in unit 3 were unsuccessful and

leaks between 100 to 200 cubic

metres per day continued to

year-end. The success of the



repairs in unit I will be known

next year, after the unit has

operated for some time. We

will reassess the situation when

more information becomes

available.

Using risk assessment tools

(see Safety Analysis section),

Ontario Hydro improved out-

age risk management. For

example, during the unit 4

long outage, Bruce A staff

identified station configura-

tions that had lower risks than

others, and reordered outage

work plans, such as the power

supply outages, to remain in

these lower risk configurations.

MAINTENANCE

We believe that Ontario Hydro

achieved generally satisfactory

standards of maintenance at

Bruce A. We draw this conclu-

sion from our inspections of

the plant and review of events,

maintenance activities, and

maintenance reports.

We are pleased to see that

Ontario Hydro has continued

to implement a reliability-

centred maintenance program

at Bruce A. This program

involves analyzing systems

to identify critical components

and tailoring the preventive

maintenance tasks to prevent

the failure of these critical

components.

The corrective maintenance

backlog continues to shrink,

but more slowly during 1995

than in previous years. At the

end of 1995, Ontario Hydro had

completed 95.4 percent of the

preventive maintenance

scheduled for the year. During

our field inspections of the sta-

tion, we found housekeeping

generally acceptable, radiation

signs up to date, and equip-

ment properly identified.

However, for the second year

in succession, the number of

jumpers increased during the

year. We believe Ontario Hydro

should give increased atten-

tion to reducing operating

jumpers. Also, we do not

believe Ontario Hydro is pay-

ing enough attention to correct-

ing electrical system ground

faults. We note that rubber area

conditions improved in 1995,

but Ontario Hydro still has

problems maintaining them to

its own standards.

RESTRICTIONS ON

REACTOR POWER

As discussed in previous years'

reports, Ontario Hydro has

restricted the Bruce A reactors

to 75 percent of full power to

limit the power increase in the

event of an inlet side loss of

coolant accident. During 1995,

Ontario Hydro continued to

work on reversing the fuel bundle

order in the channels to solve

this problem. Required

changes to the fuelling

machine software and equip-

ment to permit fuelling in the

direction of flow instead of

against it continued. Also,

Ontario Hydro developed, with

General Electric Canada, a new

fuel string supporting shield plug

in 1995. This new shield plug

supports the fuel after Ontario

Hydro has reversed the fuel

bundle order. Without this

support, Ontario Hydro found

that the end plate on the outlet

end fuel bundles would

crack. Ontario Hydro plans

to complete all the changes

required for fuel reordering

during 1996. We discuss the

analysis Bruce A submitted in

support of this program in the

section on Safety Analysis.

10



AECB COMPLIANCE INSPECTIONS

We continued with our com-

pliance inspection program at

Bruce A, covering all aspects of

Bruce A's operation. In 1995, we

conducted five detailed assess-

ments of specific Bruce A pro-

grams, five detailed inspections

of Bruce A systems, monthly

control room inspections, and a

detailed inspection of all areas

of the station. We report specif-

ic findings in the appropriate

section of this report. In gener-

al, Ontario Hydro addresses

any concerns we identify in our

inspections appropriately. We

are pleased to note that during

1995, our inspections produced

less serious findings than in

previous years. In many

instances, Ontario Hydro had

already begun implementing

improvements to address our

findings. We did not identify

any major concerns during our

inspections.

PRESSURE TUBES

We believe Ontario Hydro

has a satisfactory program to

manage the aging of pressure

tubes in Bruce A reactors.

Ontario Hydro must carefully

monitor pressure tubes for

hydrogen content, calandria tube

contact, mechanical damage

and length. We are satisfied

that Ontario Hydro's pressure

tube inspection program ade-

quately addresses these threats

to pressure tube integrity.

As part of the inspection pro-

gram, Ontario Hydro inspected

pressure tubes in units I and 4

in 1995. These inspections

showed no significant change

in the degree or severity of

fretting caused by the vibration

of fuel bundles. Ontario Hydro

calculated the probability of

the failure of pressure tubes

due to the measured frets.

Based on our review of these

calculations, we accepted that

it was very low and that it was

safe to continue to operate

these reactors with fret marks.

Some \ue\ channels in unit 4 con-

tain debris trapped at the inlet

from damaged preheater divider

plates. Based on our review of

Ontario Hydro's assessment

that it is unlikely that this

debris will cause any damage,

we agreed with its plan to

remove the debris in 1997.

As pressure tubes age, the

hydrogen concentration in

the tube material increases.

This can cause hydride blisters

to form. These blisters are

unacceptable in an operating

reactor and Ontario Hydro

must remove the pressure tube

from service before they occur.

Blister formation will occur

earlier in spots where the

pressure tube contacts the

calandria tube. During 1995,

Ontario Hydro continued its

campaign to remove pressure

tubes from calandria tube

contact by repositioning of

the garter spring that separates

the two. Ontario Hydro reposi-

tioned garter springs on 69 fuel

channels in unit 4 and 120 fuel

channels in unit 1 in 1995.

One effect of irradiation is that

pressure tubes lengthen over

time. To accommodate this,

the pressure tubes are held

tightly in place at one end,

with the other end free to

move. Eventually, they could

lengthen to the point where

they would fall off their support

bearing at the free end. This

phenomenon, known as longi-

tudinal creep, is limiting the

life of the pressure tubes in

unit I. To extend unit I's life,

Ontario Hydro requested our

approval to operate unit 1 with

some channels empty of fuel to

limit the growth of those pres-

sure tubes. This will be under

consideration during 1996.

11



PREHEATERS

We are satisfied with the

manner in which Ontario Hydro

dealt with the damage found

in preheaters during the main-

tenance outage on unit 4.

During a planned inspection

of unit 4 primary heal transport

system preheaters, Ontario

Hydro found that three of the

four preheaters had damaged

divider plates. Figure 5 shows

one of the Bruce A preheaters

and the location of the divider

plates. Several sections were

found to be dislocated and

some components were miss-

ing. Ontario Hydro repaired the

preheaters and found all of the

missing components. Ontario

Hydro removed all compo-

nents except 14 small bolt

pieces which were located by

radiography in the end fittings of

some of the fuel channels. We

discussed this debris earlier in

the section on Pressure Tubes.

An analysis of the oxide layer

on components retrieved indi-

cated that the event probably

occurred more than five years

ago. As a result of the damage

in unit 4, Ontario Hydro

inspected the preheaters of

Figure 5: BRUCE A PREHEATER

DIVIDER PLATE

the other Bruce A reactors.

Ontario Hydro found no

damage in unit 1 or unit 2,

but some damage in one pre-

heateron unit 3. Ontario Hydro

removed the loose material

and repaired the divider plate

of this preheater.

Ontario Hydro has not com-

pleted its investigation of the

cause of the damage. Ontario

Hydro has put new procedures

in place to minimize the

amount of air left in primary

heat transport systems prior to

start-up. Ontario Hydro also

installed pressure transmitters

in unit 4 preheaters to monitor

pressure across the divider

plates, and intends to do the

same in units I and 3.
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BOILERS

We believe that, during 1995,

Ontario Hydro managed boiler

performance satisfactorily. One

boiler tube leak occurred in unit

I in September 1995, just prior

to the planned long outage.

Ontario Hydro located the

leaking tube and plugged it

during the outage.

Ontario Hydro inspected

the unit 4 boilers in 1995.

Inspectors did not find any

boiler tubes that required

plugging. However, they did

find that the scallop bars,

which help hold the boiler

tubes in place, had degraded

since the last inspection.

Bruce A installed devices to

compensate for this. These

devices also reduce boiler

tube vibration, reducing the

probability of tube cracking.

Ontario Hydro also chemically

and mechanically cleaned the

unit I boilers in 1995, removing

over 8200 kilograms of

deposits. These deposits lower

the heat transfer efficiency of

the boilers and contribute to

boiler tube degradation. After

the cleaning, Ontario Hydro

inspected the boilers and did

not find any leaking boiler

tubes. However, inspectors did

find degraded scallop bars and

devices were installed to

reduce boiler tube vibration.

Although we believe the boil-

ers on the three operating

units at Bruce A remain fit for

service, tube leaks and recent

inspection findings suggest

that their condition is continu-

ing to gradually deteriorate.

We shall continue to closely

monitor Ontario Hydro's boiler

inspection program.

UNIT 2 SHUTDOWN

We believe Ontario Hydro has

managed the mandatory shut-

down of unit 2 appropriately.

In late 1994, Ontario Hydro

inspected the boilers in unit 2.

Using conservative estimates,

it determined that the

remaining safe operating

period for the boiler tubes

was about 6100 operating

hours. Accordingly, the Board

included a specific condition

in the Bruce A operating

licence requiring Ontario Hydro

to shut down unit 2 as of

September I, 1995.

In July, 1995, Ontario Hydro

requested an amendment to

the licence to allow operation

beyond September I, 1995.

Ontario Hydro had reassessed

the safe operating period and

determined that unit 2 could

operate safely for an additional

1800 operating hours. We

agreed with Ontario Hydro's

technical assessment and

completed the environmental

assessment required by the

Canadian Environmental

Assessment Act. However, we

did not receive this request in

time for the Board to make a

decision prior to September I,

1995. Accordingly Ontario

Hydro shut down unit 2 as

the licence condition required.

On September 14, 1995, the

Board approved operation of

unit 2 for the additional 1800

operating hours and Ontario

Hydro operated the unit until

October 30, 1995.

At the end of 1995, unit 2 was

in a safe, shutdown state

approved by the AECB.

ENVIRONMENTAL QUALIFICATION

Ontario Hydro made some

progress on environmental

qualification issues at Bruce A

in 1995. However, we would

like to see the program

proceed more quickly.
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Ontario Hydro has established

a long-term program to review

the adequacy of certain safety-

related components to operate

during harsh environments

under postulated accident

conditions. This includes a

systematic identification of

such components, and a review

of the specific environmental

qualifications that such com-

ponents should meet. Analysts

identify discrepancies between

the required and actual

qualifications of installed

components. Ontario Hydro

then upgrades the components

as needed. Ontario Hydro also

modifies procedures to take

into account the environmental

qualification requirements of

replaced components.

Bruce A staff is reviewing all

of the Bruce A special safety

systems and identifying the

components requiring environ-

mental qualification. Field

inspections of the emergency

coolant injection system are

progressing in units 0 and I.

So far only 3 percent of the

equipment inspected requires

modifications to qualify. The

modifications have (ust begun.

Ontario Hydro has also made

progress on the environmental

qualification of the qualified

power supply electrical cables.

PERIODIC AND IN-SERVICE
INSPECTIONS

Ontario Hydro has two main

programs for physical inspec-

tions of Bruce A station

equipment. We require that

Ontario Hydro conduct a

periodic inspection program

that complies with the appro-

priate Canadian Standards

Association standards, and

Ontario Hydro supplements

this with an in-service inspec-

tion program. Bruce A complet-

ed all periodic inspections

scheduled for 1995. The vast

majority of these inspections

found station equipment in

acceptable condition.

However, inspectors d id find

two items of note in 1995.

During the unit 4 outage,

inspectors found small (10 to

50 mm long) crack-like marks

on the pressurizer. Mechanics

were able to remove some of

the marks, but one remained.

Ontario Hydro performed

stress analysis to show that

the remaining mark d id not

weaken the pressurizer.

Ontario Hydro did not expect

it to grow. With our approval,

Ontario Hydro returned the

pressurizer to service with

instruments attached to moni-

tor temperatures and stresses

near the mark.

We discuss the other significant

inspection finding, damage to

preheater divider plates, in

the foregoing subsection on

Preheaters.

CHEMISTRY

We believe that the overall

plant chemistry control was

acceptable in 1995, but tighter

controls are desirable. Ontario

Hydro set a Bruce A perfor-

mance target of 92 percent for

chemistry control in 1995 and

achieved 91.2 percent. Ontario

Hydro reported problems with

high deuterium levels, and

with pH and dissolved oxygen

control in the condensate of

all four units. The installation

of the new water treatment

plant, reported last year, has

contributed to maintaining

excellent boiler feedwater

chemistry.

In 1995, Ontario Hydro created

a new method for measuring

chemistry performance at

Bruce A. This new method

looks at 12 .critical boiler, heat

transport and other chemistry

parameters. The 1995 perfor-

mance cannot be directly
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compared with the perfor-

mance of previous years.

STATION MANAGEMENT

We believe that Bruce A's

management team is compe-

tent and places high priority

on safe operation of the sta-

tion. We formed this opinion

by observing management

reaction to internal and

external events, by the con-

servative nature of decisions

made, and by the active

involvement of management

on safety committees.

AECB staff at Bruce A has a

standing invitation to attend

the Bruce A Nuclear Integrity

Review Committee meetings.

At these meetings we can

observe how Bruce A manage-

ment deals with issues as they

arise and set priorities. At

every meeting a report is given

on the latest quality assurance

findings or follow-up. We were

pleased to see management

actively addressing issues such

as updating of flowsheets and

follow-up to a fire risk audit.

We were also pleased to see

that Ontario Hydro brought in

an outside expert to partici-

pate in the Bruce A Nuclear

Integrity Review Committee.

We also meet frequently with

Bruce A management to review

ongoing and emerging safety

issues. We often use these

meetings to request an update

on a specific station program.

Usually, we have found Bruce A

management to be responsive

to our requests for information

or for work to be performed.

We were favourably impressed

with Bruce A management's

response to a Pickering loss of

coolant event and to a Bruce B

liquid relief valve failure event.

For the Pickering event, Bruce

A staff provided a comprehen-

sive response plan. After the

Bruce B event, Ontario Hydro

staff at Bruce A gave us daily

updates of actions and stated

they were ready to shut down

Bruce A units if necessary.

Many issues that arise require

significant analysis resources to

resolve. The Bruce A nuclear

safety department continues to

have difficulty coping with the

frequent demands for safety

analyses to support station

operation. One example of this

occurred when the station staff

were preparing for a trial fuel

bundle reorder on unit 4,

discussed in the section on

Restrictions on Reactor Power.

Since the Nuclear Safety

Department had not complet-

ed all the required analysis to

meet the schedule, Ontario

Hydro had to limit the scope

of the test. Also, analysis

information may not always

be available to the station

staff who need it. One example

of this involved replacement

amplifiers used in shutdown

system one on units 3 and 4.

Ontario Hydro had not

properly analyzed the impact

of using an amplifier with

different characteristics prior

to its installation.

We are satisfied, however,

that until issues are resolved,

Bruce A management ensures

that reactors are operated in a

conservative and safe manner,

even if such conservative and

safe operation means reduced

production or reduced operat-

ing flexibility. For example,

when Ontario Hydro staff dis-

covered the shutdown system

one amplifier concern, manage-

ment was prepared to shut

down the reactors within four

hours if safety analysts could

not show that shutdown system

one was fully capable.

Ontario Hydro did not make

any significant changes to the

Bruce A organization in 1995.

15



TRAINING

AECB examinations continue as

part of the regulatory process

for authorization of Shift

Supervisors (SS) and Control Room

Operators |CRO). Table 4 shows

the current examination types

and 1995 results for Bruce A

candidates. In 1995, we also

authorized three persons as

Bruce A Shift Supervisors and

five persons as Bruce A Control

Room Operators.

In 1995, we evaluated the

on-the-job training given to

field operators, and the

training to provide radiation

protection for all plant workers

at all levels. In both cases, we

found areas where improve-

ments are necessary. Bruce As

and Ontario Hydro Training

Division's staff has developed

and submitted plans to correct

the deficiencies we identified.

In neither case was the training

such that plant or public safety

was an issue.

We found the system in place

in Ontario Hydro's Training

Division to record and maintain

training records was effective.

Table 4: EXAMINATION

TYPE

Radiation protection

General

Station specific

Simulator-based

TYPES AND 1995 RESULTS

SS CANDIDATES

WRITING PASSING

0

0

I

4

n/a

n/a

I

0

CRO CANDIDATES

WRITING PASSING

0

0

2

I

n/a

n/a

I

Table 5: EMERGENCY EXERCISES AND DRILLS COMPLETED IN 199S

TYPE

Off-site survey

Toxic gas

Radiation emergency

Emergency response team practice

NO.

19

5

5

1 10

EMERGENCY
PREPAREDNESS

We are satisfied with Ontario

Hydro's emergency response

capability at Bruce A. As Table

5 shows, Ontario Hydro main-

tained an effective program of

exercises, drills and training for

emergency preparedness in

1995. Bruce A staff completed

100 percent of its scheduled

drills in 1995.

Bruce A Emergency Response

Teams also responded to 75

actual events in 1995. Over half

of these were personnel

injuries, where the team

provided the necessary

casualty care. The teams also

responded to, and successfully

dealt with, 12 fires at Bruce A

in 1995. None of these events

threatened public safety.

In 1995, Ontario Hydro found

that the Bruce A fire protection

system did not meet require-

ments. While design work on

improving the fire protection

system is under way, Bruce A

staff has added mobile fire

fighting equipment and imple-

mented tighter controls over

ignition sources.
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SAFETY ANALYSIS

HEAT SINK AVAILABILITY

DURING SHUTDOWNS

As reported last year, uncer-

tainty arose regarding the

adequacy of backup heat sink

availability for a shut down

unit using the maintenance cooling

system. Ontario Hydro made

significant changes to improve

backup heat sink reliability

in time for the unit 4 outage

in April. Ontario Hydro also

completed analysis to show

that a viable alternate heat

sink exists for various system

configurations. Ontario Hydro

used the analysis to prepare

and implement new procedures.

We reviewed the system and

procedural modifications and

are satisfied that Bruce A reac-

tors have an alternate heat

sink at all times during a unit

shutdown.

BRUCE A RISK ASSESSMENT

Ontario Hydro advanced in the

development of Bruce A proba-

bilistic risk assessment tools. These

tools assist in determining how

safe the station is, and if

design or operating changes

are needed to maintain the

required level of safety.

During 1995, Ontario Hydro

used reliability data from the

development of this tool to

assess and propose design

changes to cope with environ-

mental concerns inside the

station after an assumed main

steam line break. We have

not completed our review of

this proposal.

POWER RAISING

As discussed in the section

Restrictions on Reactor Power,

the reactor units at Bruce A

were limited to 75 percent of

full power during 1995. Much

of Ontario Hydro's safety

analysis effort for Bruce A

during 1995 was directed

towards increasing power level.

Ontario Hydro made two major

submissions in 1995, one to

support operation at 80 percent

of full power, and one to sup-

port operation at 94 percent of

full power, after Ontario Hydro

has reversed the order of the

fuel bundles (see section

Restrictions on Reactor Power).

The basis for the 80 percent

full power operation was to

reduce the available space for

the fuel to shift. Ontario Hydro

proposed using one long fuel

bundle per channel and spac-

ers in the inlet side. Analysis

showed that the consequences

of the most severe design basis

accidents were acceptable.

We reviewed this analysis and

concluded it was acceptable.

Ontario Hydro will not imple-

ment these provisions unless

unforeseen problems prevent

raising power to 94 percent as

described below.

The 94 percent of full power

analysis is based on reversing

the order of the fuel bundles

in the channel so that spent

fuel resides at the outlet end.

Ontario Hydro presented the

results of this analysis to us

in December. Ontario Hydro

states that the analysis shows

that with the fuel bundles

reversed, power can be raised

to 94 percent and the effects of

the most severe design basis

accidents are acceptable. We are

still reviewing this analysis.

QUALITY ASSURANCE

We are satisfied with the

Bruce A quality assurance

program. An integrated manual,

issued in 1994, defines the

Bruce A quality assurance

program. In" 1995, the Bruce A

Quality Assurance Department

conducted 16 internal audits

of the Bruce A program. We are
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pleased to note that the

Bruce A Quality Assurance

Department is looking at areas

important to nuclear safety.

Areas audited in 1995 includ-

ed: the fuelling with the flow

program; environmental

nuclear safety; special qualifi-

cation training for Engineering

Services Department person-

nel; and system surveillance.

We are also pleased to note

the department received

requests from managers at

Bruce A for independent

audits of specific programs at

Bruce A. One example was a

request to audit the unit 2

shutdown program.

Since 1994, on completion of

these audits, the auditors rate

their findings against 13 man-

agement principles that Bruce

A uses to manage and perform

work. Bruce A staff analyze

these ratings, and the program

in general, quarterly, to deter-

mine if all 1 3 principles are

receiving adequate attention.

Bruce A is using the results of

this analysis to adjust its

strategic plan.

During our audit of the fuel

string supporting shield plug

program at Bruce A, we did

not have any finding that the

Bruce A Quality Assurance

Department had not already

identified. We also found that

Bruce A had begun to address

all of the findings.

SAFEGUARDS

During 1995, Ontario Hydro

planned and executed all

required safeguards-related

work at Bruce A, as scheduled,

and cooperated at all levels.

It did not report any safeguards

incidents in 1995.

Canada has signed the Treaty

on the Non-Prolijeration oj Nuclear

Weapons (NPT). As required

by the NPT, Canada has a

Safeguards Agreement with the

International /Ktomk Energy hgemy

(IAEA). This agreement gives

the IAEA the right and respon-

sibility to verify that Canada is

fulfilling its NPT commitment.

Canada should not use its

peaceful nuclear program to

make nuclear weapons or

nuclear explosive devices.

The Bruce A operating licence

includes a condition on IAEA

safeguards. Ontario Hydro

must report to the AECB the

movement and location of all

nuclear materials and give

access and assistance to IAEA

inspectors as required.
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CONCLUSIONS

\A /e consider that Ontario

Hydro operated Bruce A in

1995 in a manner that satisfac-

torily meets AECB require-

ments, and continues to main-

tain the risk to workers and the

public at an acceptably low

level. We draw the following

specific conclusions from

our review of Bruce A's 1995

safety performance.

AREAS OF GOOD PERFORMANCE

• Ontario Hydro generally

operated Bruce A in compli-

ance with the Atomic Energy

Control Regulations. The few

non-compliances were minor.

• Radiation protection for the

public was satisfactory.

• Bruce A generally complied

with the new AECB

Reporting Rules (R99).

• Ontario Hydro has a satis-

factory program to manage

the aging of pressure tubes

at Bruce A.

• We remain satisfied

that Bruce A is being

well managed.

• Management response to

the Pickering loss of coolant

event was appropriate.

• Bruce A's emergency

response capabilities

are satisfactory.

• The level of assurance of

availability of alternate

backup heat sinks during

shutdowns is satisfactory.

• Ontario Hydro continues

to fulfil its safeguards

obligations.

AREAS WHERE IMPROVEMENT
IS NEEDED

We believe Ontario Hydro must:

• reduce the number of non-

compliances with the

operating licence by

decreasing human errors;

• correct Bruce A physical

security deficiencies;

• improve personnel contami-

nation control at Bruce A;

• improve the reliability of

negative pressure contain-

ment system airlocks;

• resolve hydrogen leaks from

the Bruce A generators;

• place more attention on

correcting ground faults

on electrical systems in

a timely fashion; and

• correct training deficiencies.

We also note that the

Bruce A Nuclear Safety

Department has difficulty

coping with the frequent

demands for safety analyses

to support station operation.
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GLOSSARY

Airlock

Annulus Gas System

As Low As Reasonably
Achievable

Atomic Energy Control Act

Atomic Energy Control Board
(AECB)

Atomic Energy Control
Regulations

Audit

Availability

Becquerel

The means of access to and from the reactor building. There are two

doors on each airlock, an inner door and an outer door. Automatic

controls ensure that only one door is open at a time so that

containment is always sealed.

A continuously circulating system of carbon dioxide gas in

the spaces between the pressure tubes and calandria tubes.

It thermally insulates the tubes from each other and permits

early detection of tube leaks.

The principle, applied internationally, of keeping radiation doses

"as low as reasonably achievable", social and economic factors

taken into account.

The federal act that established the Atomic Energy Control Board and

allows it to regulate the nuclear industry in Canada.

A federal departmental corporation established in 1946 by the

Atomic Energy Cowtrol Act. The AECB controls the development,

application and use of nuclear energy in Canada and participates

for Canada in international measures of control. The AECB reports

to Parliament through the Minister of Natural Resources.

Regulations made pursuant to the Atomic Energy Control Act by the

Atomic Energy Control Board.

Verification and evaluation of a document, process or work related

to station operation.

The percentage of time a piece of equipment is able to perform its

designated function.

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

disintegration per second.
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Boiler

Boiler Tubes

Bruce Nuclear Power

Development

Calandria

Calandria Tubes

Canadian Deuterium-Uranium

Reactor (CANDU)

Class III Power Supply

Containment

Contamination

Control Room Operator

Also known as a steam generator. A heat exchanger that transfers heat

from the heavy water coolant to ordinary water. The ordinary water

boils, producing steam to drive the turbine. The boiler tubes separate

the reactor coolant from the rest of the power generating systems.

The inverted U shaped tubes that contain the heavy wafer coolant,

separating it from the ordinary water outside the tubes which boils

to produce steam. Boilers typically contain several thousand tubes.

The Ontario Hydro property on which stands Bruce Nuclear

Generating Station "A", Bruce Nuclear Generating Station "B",

Bruce Heavy Water Plant, and various ancillary services.

A cylindrical stainless steel tank which holds the moderator heavy

water. Pressure tubes containing the fuel and the heavy water coolant

pass through the caiandria.

Calandria tubes surround the pressure tubes. The space between the

tubes is filled with inert gas that thermally insulates the moderator

from the coolant. The annulus gas system monitors the space for leaks.

A Canadian designed reactor that is cooled and moderated by

heavy water and fuelled with natural uranium. The name comes from

Canada. .Deuterium, Uranium.

Alternating current supplied to auxiliaries that can tolerate

short interruptions.

The building surrounding the reactor. It is designed to contain

the effects of any accident involving the reactor, isolating any

hazard from the public. The containment has fast acting valves

to automatically close ventilation openings in an emergency.

The presence of radioactive material anywhere it is not wanted,

particularly in places where its presence may be harmful.

A Control Room Operator is responsible for operating the reactor

controls. A Control Room Operator needs authorization from the

Atomic Energy Control Board before acting in this position.
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Design Basis Accident

Deuterium

Divider Plate

Dose

Emergency Coolant Injection

System

End Fittings

End Plates

Environmental Qualification

One of a set of theoretical accidents the licensee analyzes as part of

the safety analysis. The Atomic Energy Control Board and the licensee

must agree upon this set of theoretical accidents. Each design basis

accident is the worst case of a class of accidents. We require the

licensee to demonstrate acceptable performance of the station's

safety systems for each of these worst case challenges.

An isotope of hydrogen that has one proton and one neutron in

its nucleus.

Plates are situated in the bottom portion of both the boilers and the

preheaters to keep the primary heat transport system heavy water inlet

and outlet areas separate.

Generally, the quantity of radiation energy absorbed by a body.

Also known as the Emergency Core Cooling System. An automatic

system that injects cold water into the reactor's fuel channels if there

is a problem with the normal heavy water coolant system. It also

provides long-term cooling for the fuel by recovering water from

the reactor building floor.

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.

Two end plates welded to the ends of the elements in a fuel bundle

hold the bundle together to form its cylindrical shape. Besides

maintaining separation between the elements at the bundle extrem-

ities, the end plates have holes in them to allow for coolant flow.

Safety-related equipment essential to maintain required safety

functions must operate when called upon. Some of this equipment

may have to operate in the harsh environment that could surround

it following accidents. Environmental qualification of that equip-

ment means taking measures to protect it from such conditions as

high temperature and humidity.
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Fretting

Fuel Bundle

Fuel Channel

Fuelling Machine

Garter Spring

Generator

Guaranteed Shutdown State

Heat Exchanger

Heat Sink

The wearing or damage caused by one material upon another due

to vibration.

A collection of thirty-seven pencil shaped elements containing nat-

ural or depleted uranium. End plates hold it together as a cylinder.

A fuel channel consists of a pressure tube, which contains fuel, end jit-

tings connecting it to the feeders supplying heavy water coolant, and

closure plugs that can be removed by the fuelling machines for refu-

elling. Each pressure tube is located inside a calandria tube, which

separates it from the cold moderator heavy water. Carbon dioxide

gas between the pressure tube and the calandria tube provides

insulation for the hot pressure tube.

Equipment that fuels the reactor. Two remotely controlled fuelling

machines work at opposite ends of the same fuel channel. One

machine inserts new fuel and the other removes irradiated fuel

while the reactor continues to operate.

A spacer ring that fits between a pressure tube and the calandria tube to

ensure that they do not come into contact.

Equipment that converts the mechanical power delivered by the

turbine into electricity. There is one generator for each reactor.

A method for ensuring that the reactor is shut down. It includes adding

poison to the moderator or draining the moderator from the reactor.

Equipment that transfers heat between systems.

Any system used to dissipate the heat produced in the fuel. At all

times a main heat sink must be in service, normally the boilers, and

an alternative or backup heat sink must be available. Failure to

dissipate the heat produced in the fuel by means of an adequate

heat sink can increase the temperature of the fuel and thereby

damage the fuel.
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Heavy Water

International Atomic Energy

Agency

Iodine 131

Jumper

Loss of Coolant Accident

Maintenance Cooling System

Margin of Safety

Millisievert

Moderator

Also know as deuterium oxide. Heavy water is a clear, colourless

liquid that looks and tastes like ordinary water. It is about 10 per-

cent heavier than ordinary — or "light" — water. It occurs naturally in

the environment. It consists of deuterium and oxygen (D2O), rather

than the hydrogen and oxygen of ordinary water |H2O). A deuterium

atom is a hydrogen atom with an extra neutron in its nucleus.

CANDU reactors use heavy water as a moderator and as a coolant.

The International Atomic Energy Agency is a United Nations agency.

It provides a system of safeguards to make sure that states do not

divert nuclear materials to non-peaceful activities. It also provides

an international forum for nuclear safety.

A radioactive isotope of iodine produced in the fuel when the

reactor is operating.

A means of documenting and authorizing temporary changes to

equipment.

A failure in the reactor's heavy wafer coolant system that causes water to

be lost faster than the normal heavy water supply can replace it. The

emergency coolant injection system provides fuel cooling if this happens.

The system that provides cooling to the primary heat transport system when

it depressurizes and drains to allow for maintenance of components.

The difference between the operating level of a parameter (e.g., tem-

perature, pressure! and the level where something unsafe could occur.

A measurement of radiation exposure. One sievert is the same as

I00 rem. One millisievert is one thousandth of a sievert (0.00I Sv).

The heavy water in the calandria that slows the neutrons released by

fission to energies at which they are likely to produce additional fis-

sions. Because the moderator surrounds the fuel channels, it also pro-

vides cooling and protection if a major accident were to cause a

complete loss of cooling in the fuel channels.
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Negative Pressure Containment

Net Capacity Factor

Noble Gas

Operating Policies and Principles

Outage (Forced, Planned)

Paniculate

Physical Security Regulations

Poison

Predicted Future Unavailability

Pressure Boundary

Pressure Tubes

The building surrounding the reactor. It isolates the reactor from the

environment and prevents radiation, which might be released in an

accident, from escaping.

The ratio of the actual net electrical power produced to the design

100 percent net electrical power, over a specified period.

Cases produced in the reactor fuel when the reactor is operating.

They are radioactive and decay to produce particulates, some of

which are also radioactive.

A licensee document, which we approve, that outlines the safe

operating limits for the station. It also defines which staff have the

authority to make decisions on safety matters.

The time during which a reactor is not delivering power. Outages

may be forced, by equipment malfunction for example, or planned

to carry out routine maintenance.

Any radioactive material that is in solid particle (e.g., dust) form.

Regulations issued pursuant to the Atomic Energy Control Act which

set out the required security standards at nuclear facilities.

A substance which absorbs neutrons and hence removes them from

the fission chain reaction.

A measure of how well a special safety system can be expected to

perform in the future. A mathematical model of the system and

statistics of faults affecting the system are used to derive a

theoretical prediction of the expected frequency of system failure.

Pressure retaining equipment or components of a system that

contain a pressurized material such as heavy water coolant or steam.

Also known loosely as fuel channels. Tubes that pass through the

catandria and contain twelve or thirteen fuel bundles. Pressurized

heavy water flows through the tubes, cooling the fuel. They form

part of the pressure boundary for the primary heat transport system.
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Pressurizer

Preventive Maintenance

Primary Heat Transport System

Probabilistic Risk Assessment

Qualified Power Supply

Quality Assurance

Radiation Field

Radiation Protection Regulations

Reactor Building

Root Cause

Rubber Area

Safeguards

A large steel vessel connected to the primary heat transport system to

control pressure.

Maintenance carried out to avoid breakdowns.

A closed cooling circuit that carries heat produced in the juel bundles

to the boilers. It does this by circulating heavy water at high pressure

through the fuel channels and the boiler tubes.

A systematic study of what can go wrong, how likely things are to go

wrong and the public health and safety consequences of these events.

This system, completely independent of the other Bruce A power

distribution systems, is supplied from an off-site Class II) power

source. The qualified power supply system can supply power to

some essential systems if other power sources fail.

A formal program of standards, procedures and checks controlling

the quality of work on the station.

An area in the station where there is a significant amount of

ionizing radiation.

Regulations the licensee issues that state the radiation protection stan-

dards to be met at a station. These regulations require our approval.

A reinforced-concrete building which serves as a support and an

enclosure for the reactor and some of its associated equipment.

The fundamental or primary cause of an incident or event in the station.

A specially prepared area of the floor in the station where it is

foreseen that there will be loose radioactive contamination. Its

purpose is to contain the contamination and not let it spread.

Persons entering put on rubber overshoes before stepping into

the area, and remove them when leaving.

An international program of monitoring and inspection carried

out by staff of the international Atomic Energy Agency. Safeguards

ensure that nuclear materials in the station are not diverted

for non-peaceful uses.
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Serious Process Failure

Shield Plug

Shift Supervisor

Shutdown System One

Shutdown System Two

Sievert (milli, micro)

Significant Event

Significant Event Report

Special Safety Systems

Treaty on the Non-Proliferation

of Nuclear Weapons

A failure in the station's components or systems, which is sufficient-

ly serious that one or more of the special safety systems must operate

to prevent reactor damage.

A stainless steel plug that provides gamma ray shielding at the

ends of the fuel channels.

The technical expert who manages a shift, ensuring that the station

meets all safety requirements. A shift supervisor requires our

approval before acting in the position.

Shutdown system one works by dropping neutron absorbing

rods into the reactor core if its instruments detect a potentially

unsafe condition. It is completely separate and independent

f rom shutdown system two.

Shutdown system two automatically shuts down the reactor by

injecting a neutron absorbing chemical into the moderator if its

sensors detect a potentially unsafe condition. It is completely

separate and independent from shutdown system one.

A measurement of radiation exposure. One sievert is the same as

100 rem. One millisievert is one thousandth of a sievert (0.001 Sv).

One microsievert (I u.Sv) is one millionth of a sievert.

An event that could have, or did have, an influence on public or

worker safety, health, security or the environment.

A formal report of an event occurring in the station that is abnormal

according to certain criteria.

There are four independent special safety systems: shutdown system

one or shutdown system two shuts down the reactor if a problem occurs,

the emergency coolant injection system provides cooling and the contain-

ment system contains any radioactivity.

An international treaty that came into force in 1970, and to which

Canada is a party. Its primary aim is preventing the spread of

nuclear weapons.
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Trip

Tritium

Turbine

Unavailability

A rapid shutdown of the reactor in response to the detection of

certain abnormal and potentially dangerous conditions.

A radioactive isotope of hydrogen that is produced in the reactor's

heavy water during operation.

Equipment comprising several bladed wheels that rotate when

steam from the boilers flows through them. The kinetic energy of the

steam converts into mechanical energy that turns the rotor of an

electrical generator, producing electricity.

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.
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