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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 the Atomic

Energy Control Board staff

assessment of safety at the

Darlington Nuclear Generating

Station for 1995. The report

is based on observations

made by our staff, and on

information submitted to us

by Ontario Hydro.

Ontario Hydro operated the

station in a safe manner in

1995. Performance was satis-

factory for all four special

safety systems. The systems

were fully available more than

99.9 percent of the time.

There were fewer problems

with the performance of the

safety support systems in 1995

than in the previous years.

In 1995, Ontario Hydro com-

plied with the Regulations

made under the Atomic Energy

Control Act, except for two

instances of non-compliance

with the Transport Packaging

of Radioactive Materials

Regulations. It also failed to

comply with operating licence

conditions on 29 occasions.

We found that the individual

events did not have a

significant impact on safety;

however, the substantial

number of failures to observe

operating licence conditions

is not acceptable.

Radiation doses received

by Ontario Hydro station staff

were below the regulatory

limits. Radioactive emissions

from the station were well

below the regulatory limits.

As in the previous year, Ontario

Hydro had a continuing prob-

lem with the equipment that

monitors stack emissions.

All units operated at full

power for most of 1995. In

general, we found Ontario

Hydro's maintenance program

satisfactory. We note in partic-

ular its continuing success in

maintaining excellent chemical

control in station systems.



INTRODUCTION

Located on the north shore
• •

of Lake Ontario in the

Municipality of Claringtpri,

Ontario, Darlington Ndclear

Generating Station has four

936 MWe (gross) CANDU

reactors. These units have
/

a design life of 30 years!

On November 10, 1994, the

Atomic Energy Control Board

(AECB) approved the renewal

of the operating licence for a

period of two years. Operating

Licence 13/94 authorizes

operation of the Darlington

Nuclear Generating Station

and the Tritium Removal Facility

until November 30, 1996.

This report is the Atomic

Energy Control Board staff

assessment of safety at the

Darlington Nuclear Generating

Station for 1995. The report

is based on observations

made by our staff, and on

information submitted to us

by Ontario Hydro. Our staff

is located at the Darlington

site, and in our head office

in Ottawa.

The riuclear industry uses

many technical terms in its

day-to-day activities. To help

our readers, we have compiled

a glossary of the technical

terms used in this report. We

have italicized glossary terms the

first time they appear in the

body of 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.

At our head office in Ottawa,

the public can consult

documents relative to the

licensing process of nuclear

facilities. Our public library

also contains an important

collection of documents,

available on request. Apart

from the AECB Staff Annual

Assessment Reports, we pub-

lish an AECB Annual Report,

research reports, commu-

niques, information bulletins,

notices and pamphlets. Board

meeting minutes are also avail-

able. 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

K1P5S9 Canada.

We can also be reached by

telephone at 613-995-5894 or

1-800-668-5284.

NEXT PAGE(S)
left BLANK



OPERATIONAL SAFETY

COMPLIANCE VyitH
REGULATIONS MADE
UNDER THE ATOMIC
ENERGY CONTROL ACt

We require Ontario Hydro to

comply with the legal require-

ments governing the nuclear

industry in Canada. These

requirements come from the

Atomic Energy Control Act and

regulations made under the

Act. The regulations which

apply to Darlington are the

Atomic Energy Control Regulations,

the Physical Security Regulations,

the Transport Packaging of

Radioactive Materials Regulations,

and the AECB Cost Recovery

Fees Regulations.

In 1995, Ontario Hydro met

all the requirements of these

Regulations, except on two

occasions. Both incidents

resulted in a non-compliance

with the Transport Packaging

of Radioactive Materials

Regulations.

A valve on the shipping flask

of a shipment of irradiated fuel

to Chalk River, Ontario, was left

open and uncapped, thereby

providing a path for radio-

active material in the flask to

escape. Investigations by

Ontario Hydro and our

inspectors from the Materials

Regulation Division found that

no radioactive material had

escaped from the flask and

that no persons had received

a radiation exposure due to

the incorrect packaging of the

shipment. Ontario Hydro has

made procedural changes to

prevent a repeat incident.

The second non-compliance

involved the incorrect labelling

of tritium gas cylinders shipped

to the Chalk River Laboratories.

The cylinders carried "EMPTY"

labels when, in fact, two of the

cylinders were approximately

half-full. Ontario Hydro

changed the handling, storage

and accounting procedures for

tritium gas, including adding

serial numbers to the cylinders

for tracking purposes. There

were no radiological or safety

consequences arising from the

incorrect labelling.

With respect to physical

security, Ontario Hydro

complied with all requirements

of the Physical Security

Regulations during 1995.

However, during our annual

compliance inspection of the

physical security measures in

place at Darlington, we brought

a few deficiencies to Ontario

Hydro's attention. These will be

corrected in the coming year.

COMPLIANCE WITH THE
OPERATING LICENCE

The Atomic Energy Control

Regulations give the Board

the authority to issue a power

reactor operating licence to

Ontario Hydro. The standard

power reactor operating

licence contains conditions the

licensee must observe includ-

ing specific reference to the

l icensee's own Operating Policies

and Principles and Radiation

Protection Regulations. To comply

with an operating licence, the

licensee must demonstrate

that the nuclear facility has

been operated within the

framework set out by the

licence conditions.



Ontario Hydro reported 29 non-

compliances with operating

licence conditions in 1995.

Sixteen incidents involved non-

compliances with the Operating

Policies and Principles, ten

others were non-compliances

with the Radiation Protection

Regulations and three were

non-compliances with other

licence conditions. The higher

number of reported non-

compliances for 1995 compared

to 1994 (29 versus 21) arises

mainly from the greater num-

ber of non-compliances with

the licensee's Radiation Pro-

tection Regulations (10 versus I).

We reviewed each of these

events and found that none had

a significant impact on safety,

and that Ontario Hydro had

instituted appropriate correc-

tive actions. However, 29 non-

compliances with operating

licence conditions is too many.

We conclude that an effort to

reduce this number in 1996 is

required of Ontario Hydro.

EVENTS REPORTED
TO THE AECB

We found that Ontario Hydro's

response and follow-up to the

53 events reported to us was

adequate. Reporting of these

incidents was required under

4

an operating licence condition

referencing AECB Regulatory

Document R-99 "Reporting

Requirements for Operating

Nuclear Power Facilities".

In addition, we considered

that two other incidents

should have been reported

to us under the requirements

of R-99. We officially informed

Ontario Hydro of our position

in that regard. These two

events are briefly described

in the Operations and

Maintenance section. There

were no serious process failures

at Darlington in 1995.

WORKER RADIATION
SAFETY

Operation of Darlington in 1995

did not result in any undue

radiological risk to workers

at the station. In our opinion,

Ontario Hydro's worker radia-

tion safety practices at

Darlington are good and in

accordance with the As Low As

Reasonably Achievable (ALARA)

principle. However, there was

an increase in Radiation

Protection Regulations non-

compliances and reported

radiation incidents in 1995

compared to previous years.

None of the station staff

received a whole body

radiation dose in excess of the

50 millisievert (mSv) regulatory

limit. The total whole body

radiation dose to the station

staff was 1049 mSv. Tables I

and 2 summarize the informa-

tion on whole body radiation

dose to station workers. The

dose accumulated in 1995

was slightly higher than that

Table 1: RADIATION DOSE TO

Total whole body dose (mSv)

Exposures > regulatory limit

STATION PERSONNEL

1995

1049

0

COMMENT

acceptable

acceptable

Table 2: DISTRIBUTION OF

STATION WORKERS

DOSE RANGE (in mSv)

Number of workers

MRL = Minimum Recordable

WHOLE

0

Level

BODY

-MRL

990

DOSE FOR

>MRL-5

667

>5-10

24

>10

2



for 1994, but still compares

favourably with the accumulat-

ed closes at other stations.

The total internal exposure

from tritium increased from

23 percent in 1994 to 30 per-

cent of the total whole body

dose in 1995. This can be

attributed to increased tritium

concentrations in the heat

transport and moderator

systems, as well as increased

maintenance activities.

Regulatory limits also exist for

radiation exposure to individ-

ual organs (150 mSv), to the

skin (300 mSv) and to the

extremities (500 mSv). The

maximum dose received by

any one worker during 1995 in

these three categories, res-

pectively, was 0 mSv, 30 mSv

and 228 mSv. The higher

extremity dose was received

by one individual while vacu-

uming fuel debris out of a

fuelling machine during main-

tenance work on the machine.

Although the dose was under

the quarterly regulatory limit

of 300 mSv, it was a large,

unplanned dose and there was

a potential for overexposure.

Ontario Hydro conducted an

investigation and identified

the following changes to pre-

vent recurrence of such an

incident: upgrading of deconta-

mination equipment; assigning

decontamination responsibility

to a single work group; and

enhancing workers' awareness

of the hazards associated with

this type of task.

PUBLIC RADIATION SAFETY

The operation of Darlington

did not result in any undue

radiological risk to the public

or the environment in 1995.

Ontario Hydro's control of

radioactivity in effluents from

the station was satisfactory

during the year.

We discuss radiation releases

from the station in terms of

the Derived Emission Limit (DEL).

The radioactive emissions from

the station during 1995 were far

below the Derived Emission

Limits and below the licensee's

operating target of I percent of

the DEL. Tritium was the domi-

nant component of these emis-

sions. Tables 3 and 4 contain

Table 3: AIRBORNE

SPECIES

Tritium (oxide)

Tritium (elemental)

Noble gases

lodine-131

Particulates

EMISSIONS

PERIOD

# weeks >)% DEL
average % DEL

# weeks >l% DEL
average % DEL

# weeks >1% DEL
average % DEL

# weeks >l% DEL
average % DEL

# weeks > l% DEL
average % DEL

1995

0
0.125

0
0.004

0
0.053

0
0.006

0
0.002

COMMENT

acceptable
acceptable

acceptable
acceptable

acceptable
acceptable

acceptable
acceptable

acceptable
acceptable

Table 4: LIQUID EMISSIONS

SPECIES

Tritium

Cross beta gamma

D,0

PERIOD

# months > l% DEL
average % DEL

# months >l% DEL
average % DEL

total losses Ikgl

1995

0
0.003

0
0.009

I 0030

COMMENT

acceptable
acceptable

acceptable
acceptable

acceptable



more information about the air-

borne and liquid releases from

the station in 1995.

Ontario Hydro continued to

have problems with the stack

monitoring equipment in 1995.

As a consequence, this system

exceeded its unavailability tar-

get four times during the year,

and was found to be impro-

perly calibrated on another

occasion. These problems

prompted an assessment of

the stack monitoring system

which concluded that it was

not designed to meet the

standards required by the

Radiation Protection

Regulations. Several improve-

ments have been developed

which will be tested in 1996.

Ontario Hydro's environmental

monitoring program for

radioactive material is similar

at all nuclear sites. Ontario

Hydro compares its environ-

mental measurements with

background reference mea-

surements established for the

province of Ontario. All envi-

ronmental radiation measure-

ments for Darlington were below

or near background levels in

1995 as shown in Table 5.

Table 5: PUBLIC RADIATION EXPOSURE

ENVIRONMENTAL MEASUREMENTS

Average boundary gamma dose
rate InCy/hr)

Average boundary tritium in air
IBq/m'l

1995

42.2

0.9

CRITERIA

average of
12 sites in Ontario. 50

average of 1 sites in
Ontario: 0.2*

• Maximum permissible concentration. 15 000 Bq/m'

SAFETY SYSTEM
PERFORMANCE

SPECIAL SAFETY SYSTEMS

We requi re special safety systems

to be fully available 99.9 per-

cent of the time. In order to

meet this requirement, a sys-

tem must be unavailable for

less than nine hours per year.

The four special safety systems

all met this availability target

in 1995. The number of hours

each special safety system was

unavailable in 1995 and the

predicted future unavailability

of each system are reported in

Table 6. We consider this to be

satisfactory performance.

SHUTDOWN SYSTEMS

New analysis of reactor trip

coverage for a single primary heat

transport system pump stoppage

showed that the backup trip

of heat transport high pressure

was not as effective as previ-

ously thought. Ontario Hydro

placed new restrictions on

reactor operation to address

the finding.

All four units at Darlington use

computerized shutdown systems.

In 1990, we instructed Ontario

Hydro to redesign the existing

software for both shutdown

systems. The current software

is acceptable for short-term

use but is not maintainable

in the longer term since the

effects of significant changes

cannot be readily assessed. In

1995, Ontario Hydro produced

a design requirement document

for shutdown system two software.

The equivalent document

for shutdown system one is in

preparation.

As expected, some functional

changes to the systems are

needed. Following assessment

and acceptance of these docu-

ments by the AECB, Ontario

Hydro will design, implement

and verify new software to



Table 6: SPECIAL SAFETY SYSTEM UNAVAILABILITY1 (IN HOURS)

SYSTEM

Shutdown System I

Shutdown System 2

Containment System

Emergency Coolant
Injection System2

UNIT

1

2

3

4

1

2

3

4

I
2
3
4

1
2
3
4

1995

0
0
0
0

0
0
0
0

0
0.07

0
0

0.07
0.07
0.07
0.07

COMMENT

acceptable
acceptable
acceptable
acceptable

acceptable
acceptable
acceptable
acceptable

acceptable
acceptable
acceptable
acceptable

acceptable
acceptable
acceptable
acceptable

PREDICTED

FUTURE

7.I8

4.29

8.06

I I.393

1 See Glossary
2 Faults on common portions ol the emergency coolant iniection system are

included with each unit
' Ontario Hydro intends to pursue initiatives in 1996 to reduce the predicted

future unavailability of this system

Table 7: STATION OPERATION

INDICATOR

Non-spurious reactor trips

Formally reported incidents

Fires

Special safety system jumpers
at end of 1995

Cross plant capacity factor |in %)

1995

0

54'

3

63

90.1

COMMENT

acceptable

acceptable

acceptable

acceptable

1 Includes incident about shipment of irradiated fuel to Chalk River
Laboratories that was made improperly.

meet the changed require-

ments. Software engineering

standards, some detailed pro-

cedures, and project planning

documents have already been

submitted and show much

improvement.

SAFETY SUPPORT SYSTEMS

There were fewer problems

with the performance of the

safety support systems in 1995 than

in the previous year. In total

there were three reportable

events in 1995 associated with

safety support systems com-

pared to 13 events in 1994 and

23 in 1993. We consider this to

be satisfactory performance.

OPERATIONS AND
MAINTENANCE

In 1995, the station generated

27.54 thermal watt hours (TWh)

net of electricity and accounted

for 32 percent of Ontario

Hydro's total nuclear electricity

generation. The net capacity

factor for the four reactor units

ranged from 87.2 percent

(Unit 4) to9l.3 percent (Unit 3).

Table 7 presents a summary

of station operation.

Each unit was shut down once

during the year for a planned

maintenance outage. Pressure tube

inspections were performed

during the Unit 4 outage; and

the results are discussed in the

subsection on Pressure Tubes.

On Unit 4, Ontario Hydro also

inspected the steam generators

for evidence of deterioration.

Additionally, all steam genera-

tors were water lanced to dis-

lodge any deposits. The steam

generators were found clean

and free of deposits, consistent

with good chemistry control.



Units 2 and 3 each experienced

a shutdown because of the

failure of a single component,

a programmable controller in

the primary heat transport

pressure and inventory control

system. In both cases though,

the failure was quickly and

correctly diagnosed by the

operators and the reactors

brought to safe states. Ontario

Hydro is considering alterna-

tives to lessen the impact of

this component failure.

Although these two events

did not have any adverse

consequences on reactor

safety, they should have been

reported to us as potential

serious process failures under

the requirements of AECB

Regulatory Document R-99.

PRESSURE TUBES

AECB staff is satisfied with

Ontario Hydro's plans for

inspection and maintenance

of Darlington pressure tubes.

At Darlington, there are two

main causes of pressure tube

damage, one is the fretting that

occurs at inlet fuel bundle

bearing pads, the second is the

accumulation of hydrogen and

deuterium in the pressure tube

material. Over time, this makes

the material more brittle and

therefore more prone to cracks,

especially in the rolled joint areas

of the pressure tubes.

in May 1995, Ontario Hydro car-

ried out scheduled inspections

of 36 pressure tubes in Unit 4.

One pressure tube was found

to have a 0.22 millimetre deep

fret mark caused by a bearing

pad of an inlet fuel bundle. The

fret mark was not considered

to be a risk to the integrity of

the pressure tube, and thus

the pressure tube was allowed

to return to service.

Ontario Hydro has chosen to

manage the fretting problem at

Darlington by using a combina-

tion of long and standard fuel

bundles in the channels. This

does not arrest the fretting, but

does move the fretting to a

less sensitive area of the pres-

sure tube. In March 1995, after

an exhaustive review of all

aspects related to the imple-

mentation of long fuel bundles,

we approved the routine use of

long bundles for refuelling

operations in Units 1, 2 and 3.

Unit 4 did not require the use

of long fuel bundles in 1995.

DUAL CONTROL

COMPUTER FAILURE

In October 1995, dual control

computer failures were experi-

enced on two different units.

• On Unit 2, an unusual

request for historical data

cleared a large block of main

computer memory and delayed

control system components in

accessing computer memory. A

hardware check program inter-

preted this delay as an unsuc-

cessful check result and

correctly stalled the computer.

A similar data request was

issued for the second control

computer with the same result.

Ontario Hydro prohibited this

particular type of data log

request, and is considering

other changes to avoid a future

event of this type.

• On Unit 4, one control com-

puter was out of service for

maintenance when the second

computer stalled. Ontario

Hydro's investigation found

that the stall of the second

computer was linked to

removing the first computer

from service during a data

transfer between the two.

Checks and diagnostics have

been added to improve

defence against this type

of event.

BLEED CONDENSER

RELIEF VALVES

We are satisfied with

Darlington's actions and

response to the December



1994 event at Pickering Nuclear

Generating Station in which a

primary heat transport bleed

condenser relief valve |BCRV|

failed open.

Ontario Hydro implemented

several short-term actions to

prevent the opening of the

BCRVs during some primary

heat transport pressure tran-

sient events. These were com-

pleted on all four units by the

end of 1995. More extensive

design changes, including the

replacement of the BCRVs with

a different type of valve, are

planned for the coming year.

CHEMISTRY

We are pleased with Ontario

Hydro's continuing success in

maintaining excellent chemical

control in Darlington systems.

This year, the overall chemical

performance target of maintain-

ing system chemistry within

specifications 95 percent of the

time was met. The performance

is based on monitoring and

controlling 12 chemical para-

meters in both primary and

secondary side systems.

MAINTENANCE

The number of outstanding

work packages at the end of 1995

Table 8: OUTSTANDING WORK PACKAGES

All systems

Safety significant systems

Backlog-safety significant systems

1994

3424

547

3 18

1995

3259

502

293

was slightly lower than the

number at the end of I994.

Table 8 shows the outstanding

work packages by category.

We pay particular attention

to the number of outstanding

work packages for safety sys-

tems. This year, the backlog of

work for safety significant sys-

tems is less than 10 percent of

the total number of outstand-

ing field work packages. This is

an acceptable number. Work

packages that have been active

for longer than three months

fall into the backlog category.

We are satisfied with the

amount of preventive mainte-

nance on equipment {call-ups)

completed in 1995. The station

target is to complete 95 per-

cent of all scheduled call-ups.

In 1995, 94 percent were com-

pleted on time and 99 percent

were eventually completed.

This means only I percent of all

scheduled call-ups were either

cancelled or never performed.

STATION MANAGEMENT

In our opinion, Ontario Hydro

management and operating staff

continue to show an excellent

approach to addressing and

resolving nuclear safety issues.

The Darlington Nuclear Safety

Review Committee, made up

of senior management staff,

meets once a month to review

nuclear safety issues, identify

required actions and track their

progress. As in previous years,

this committee continues

to be an effective forum for

ensuring that proper attention

is paid to safety. Several

examples drawn from the 1995

operating experience illustrate

the conservative nature of .

management's actions:

• On two occasions during a

unit outage, problems were

encountered when dealing with

high levels of hydrogen or deu-

terium gas in the primary heat

transport system that could

have led to a hydrogen hazard

or a loss of primary dent sink.



All work was stopped until safe

conditions were reestablished.

• After the December 1994

loss of coolant accident at Pickering,

a Darlington team quickly

assessed the primary heat

transport relief arrangements

and several short-term fixes

were put in place to reduce the

probability of such an event.

Station management also

made a firm commitment to

find a long-term solution to

the bleed condenser relief

valve problem.

• The Darlington operating

staff identified a potentially

unsafe situation during a unit

outage which could have led to

a pressurization of the primary

heat transport system upon

loss of primary heat sink. A new

procedure was developed to

address the safety concerns.

LICENSING COMMITMENTS

Frequently, licensing issues

are resolved when Ontario

Hydro makes a commitment

to do a number of things. The

commitment can be to perform

analyses, experiments, commis-

sioning tests, safety-related

system tests or maintenance

call-ups, or to implement

design or operating procedure

changes.

We are satisfied with Ontario

Hydro's progress on commit-

ments made during the year.

In 1995, Ontario Hydro made

102 new commitments, 40 of

which were raised in the last

half of 1995, and completed

33 of them. Of the 69 outstand-

ing commitments, eight will

require more than a year to

complete and the remaining

61 are due in 1996, in progress,

or on hold.

TRAINING

We are satisfied with the ade-

quacy of Ontario Hydro's train-

ing programs at Darlington.

The first Station Specific

Examination for Darlington

was held in May 1995. This

examination replaces the two

previous specific examinations -

conventional specific and

nuclear specific - that used

to be held for candidates at

any station. Also, the first

Simu/ator-Based Examination for

Darlington was held in October

1995. Both Shift Supervisor and

Control Room Operator candidates

attended that examination.

Thirty-seven candidates wrote

the initial authorization exami-

nations that we set for control

room personnel. Thirty-one

achieved a pass or conditional

pass standing. This represents

a satisfactory pass rate of 84

percent. We authorized four

shift supervisors in 1995.

During November 1995, we

evaluated some components

of the radiation protection

training program at Darlington.

We looked at the Green Badge

qualification program as well

as the Yellow/Green Badge

re-qualification programs. These

training programs are given to

Ontario Hydro staff to give

them the skills to work safely in

radioactive environments. Our

preliminary findings were that

the training programs are well

designed and that the training

staff has the knowledge and

skills to perform the training.

Some areas for improvement

were noted and recommenda-

tions will be made to Ontario

Hydro during 1996.

EMERGENCY
PREPAREDNESS

The Darlington operating staff

completed 12 shift crew drills

in 1995 to test the capabilities

of emergency response teams.

The Site Management Group

made up of senior management

10



representatives also held a

drill. The drills are shown by-

emergency types in Table 9.

We are satisfied that Ontario

Hydro maintained adequate

emergency preparedness at

Darlington in 1995.

Darlington staff participated

in the 1995 Provincial Nuclear

Emergency Preparedness

Exercise held February 22-23.

They activated and operated

the off-site centre in response to

a simulated Pickering incident.

The Transportation Emergency

Response Plan |TERP| team

also participated in the

Ontario Hydro Corporate TERP

Exercise held at Pickering

on September 28, 1995. The

Ontario Hydro Corporate TERP

plan required the Darlington

TERP team to respond to

transportation accidents

within a designated area of

southern Ontario.

There was no major security

drill held in 1995. However, the

station's security guard force

conducts periodic security drills,

at a frequency of about one

drill a month for each shift crew,

to validate security procedures

and provide operational

training for guards.

SAFETY ANALYSIS

We require the licensee to

analyze postulated events to

show that the nuclear facility

meets our safety requirements.

The operating licence requires

the review and update of the

Safety Report by Ontario Hydro

to reflect changes in design,

operation, or analyses.

Table 9: EMERGENCY RESPONSE DRILLS

Emergency response teams

- reactor incident

- fire incident

- TERP incident

Site management group (reactor incident)

Security

5 drills '

2 drills

5 dr i l ls2

I dri l l

0 d r i l l s '

1 Also participated in the 1995 Provincial Nuclear Emergency Preparedness
Exercise for a simulated Pickering incident. February 22-23, 1995.

•' Also participated in the Corporate TERP exercise held at Pickering on
September 28, 1995

1 There was no maior security dri l l held in 1995.

Ontario Hydro is currently

updating the Safety Report

for those events it believes

would have the most safety

and operational significance

for Darlington. These are

events that cause the modera-

tor temperature to rise or the

primary heat transport system

flow to decrease. Ontario

Hydro will also implement a

safety analysis quality assurance

program requested by us.

QUALITY ASSURANCE

The Darlington Quality Assurance

Program Manual currently in

use is only an interim manual.

Revisions are required in the

areas of procurement and

design to meet the require-

ments of the Canadian

Standards Association N286

series of standards. Ontario

Hydro had committed to

replace this interim manual

with a final document by the

end of 1995. This commitment

has not been met. We consider

that improved progress in this

area is necessary.

An audit of the Darlington

operational quality assurance

program was not carried out in

1995. A review was completed

of the quality assurance plan to
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be applied by Ontario Hydro

and Atomic Energy of Canada

Limited to the redesign of the

trip computer software. This

review identified deficiencies

in seven areas addressed by

the plan as well as several

good features which should

improve management of this

redesign project.

SAFEGUARDS

Canada is a signatory of the

Treaty on the Non-Proliferation of

Nuclear Weapons. Pursuant to the

Treaty, Canada has entered

into a safeguards agreement with

the \nternaV\ona\ Atomic Energy

Agency (IAEA). This agreement

provides the IAEA with the

right and the responsibility to

verify that Canada is fulfilling

its Non-Proliferation Treaty

commitment not to use its

peaceful nuclear program to

make nuclear weapons or

nuclear explosive devices.

A requirement for the appli-

cation of IAEA safeguards is

included in the Darlington

Operating Licence.

To comply with this, Ontario

Hydro is required to provide

timely reports on the move-

ment and location of all nuclear

materials within the station,

provide access and assistance

to IAEA inspectors for verifica-

tion purposes, and install and

maintain IAEA equipment in

the station.

During 1995, the planning and

execution of all safeguards-

related work was carried out

by Ontario Hydro as scheduled

including the installation of a

16-camera closed circuit surveil-

lance system in the west spent

fuel bay for use by the IAEA.

Ontario Hydro provided reports

as required and timely notifica-

tions of activities relevant for

safeguards. Very good coopera-

tion was received from Ontario

Hydro staff at all levels.

TRITIUM REMOVAL
FACILITY

We are satisfied that Ontario

Hydro is operating the Tritium

Removal Facility safely and

complying with licensing

requirements. Removal of

tritium from the heavy water

used in a nuclear power station

reduces the risk of radiation

exposure to station staff and

releases of tritium to the

environment.
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CONCLUSIONS

Ontario Hydro operated

Darlington Nuclear Generating

Station safely during 1995.

It maintained the good

performance seen last year

in the following areas:

• meeting all the require-

ments of the Atomic Energy

Control Regulations and the

Physical Security

Regulations;

• adequate response and

follow-up to events;

• good worker radiation safety

practices;

• satisfactory control of

radioactivity in effluents

from the station;

• completion of preventive

maintenance call-ups;

• maintenance backlog of

work for safety significant

systems kept at a reason-

able level;

• continuing efforts to

maintain excellent chemical

control in the various

station systems;

• management of sensitive

equipment, like the pres-

sure tubes and the steam

generators, for fitness for

service;

• safe operation of the

Tritium Removal Facility;

• management of the primary

heat transport bleed

condenser relief valves

problem;

• continuing attention paid

to nuclear safety by the

Darlington Nuclear Safety

Review Committee;

• adequate training programs

for control room staff requir-

ing AECB authorization;

• adequate progress on com-

mitments made in 1995;

• adequate emergency

preparedness;

• good cooperation for

safeguards activities.

We noted improvements to

nuclear safety at Darlington

in the following areas-.
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• all four special safety sys-

tems met their availability

requirements;

• better compliance with

most of the operating

licence conditions;

• much improved software

engineering standards,

procedures and planning

documents for the shutdown

system trip computer

software redesign project;

• fewer problems with the

performance of safety

support systems.

We would like to see the

following improvements:

• as few operating

licence non-compliances

as possible;

• better adherence to the

Operating Policies and

Principles;

• better adherence to the

Radiation Protection

Regulations;

• elimination of non-

compliances with the

Transport Packaging of

Radioactive Materials

Regulations.

and resolution of:

• the revisions required for

the Darlington Quality

Assurance Program Manual;

• the stack emission monitor-

ing equipment problems;

• the lack of dual parameter

trip coverage on shutdown

system two for some

postulated accidents;

• the station inter-zonal air

flow problems.
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GLOSSARY

AECB Cost Recovery Fees

Regulations

Annulus Gas System (AGS)

As Low As Reasonably

Achievable (ALARA)

Atomic Energy Control Act

Atomic Energy Control Board

(AECB)

Atomic Energy Control

Regulations

Bearing Pads

Bleed Condenser

Call-up

Regulations made pursuant to the Atomic Energy Control Act by the

Atomic Energy Control Board.

A continuously circulating system of carbon dioxide gas in the

spaces between the pressure lubes 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 Control 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.

Metallic pads brazed to the outer ring of elements in a fuel bundle.

They maintain proper clearances between the bundle and the

pressure tube.

Equipment that reduces pressure and temperature of heavy water

before passing it through the ion exchange system to storage.

Preventive maintenance on equipment.
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Calandria

Calandria Tubes

Canadian Deuterium-Uranium

Reactor (CANDU)

Containment

Control Room Operator (CRO)

Derived Emission Limit (DEL)

Deuterium

Emergency Coolant Injection

System (ECI)

A cylindrical stainless steel tank which holds the moderator heavy

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

pass through the calandria.

Calandria tubes surround the pressure ru&es. The space between the

tubes is filled with inert gas that thermally insulates the moderator

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

A Canadian designed reactor moderated and cooled by heavy water

and fuelled with natural uranium. "CANDU" comes from Canada,

.Deuterium, Uranium.

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 automati-

cally close ventilation openings in an emergency.

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.

A calculated amount of radioactive material that, if released from

the station, would result in a radiation exposure of 5 millisievert (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 examining 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".

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

its nucleus.

Also known as the Emergency Core Cooling System, or ECC.

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.
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Emergency Service Water

System (ESW)

End Fittings

End Plates

Fretting

Fuel Bundle

Fuel Channel

Fuel Handling

Fuelling Machine

Generator

Grid

A system that supplies cooling water to important reactor systems

if normal service water supplies fail.

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 extremities, the end plates have holes in them to allow

for coolant flow.

The wearing or damage caused by one material upon another due

to vibration.

A collection of thirty-seven pencil shaped elements containing

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

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

fittings connecting it to the feeders supplying heavy water coolant,

and closure plugs that can be removed by the fuelling machines for

refuelling. 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.

The system that is responsible for fuel changing and storage of

new and irradiated fuel.

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.

Equipment that converts the mechanical power delivered by the

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

Also known as bulk electrical system. The provincial electrical

distribution system.
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Heat Exchanger

Heat Sink

Heavy Water (D20)

International Atomic Energy

Agency (IAEA)

Ion Exchanger

Loss of Coolant Accident (LOCA)

Main Control Room (MCR)

Millisievert

Moderator

Equipment that transfers heat between systems

A recipient and dispenser of heat.

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 IAEA 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.

Equipment that purifies water.

A failure in the reactor's heavy water 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.

A centrally located room that contains a control panel and console

for each reactor unit, the fuel dandling control panels, the common

services control panel and the unit and common electrical control

panels.

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

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

The heavy water in the calandria that slows the neutrons released

by fission to energies at which they are likely to produce additional

fissions. Because the moderator surrounds the fuel channels, it also

provides cooling and protection if a major accident were to cause

a complete loss of cooling in the fuel channels.
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Operating Policies and Principles

(OP&P)

Outage (forced, planned)

Physical Security Regulations

(PSR)

Poison

Pressure Boundary

Pressure Tube

Primary Heat Transport System

(PHT)

Quality Assurance

Radiation Protection Regulations

(RPR)

Reactor Building

Rolled Joint Areas

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 to the grid.

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

planned to carry out routine maintenance.

Regulations issued pursuant to the Atomic Energy Control Ad which

set out the required security standards at nuclear facilities.

A substance which absorbs neutrons and hence removes them from

the fission chain reaction.

Pressure retaining equipment or components of a system that

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

Tubes that pass through the calandria, each of which contains

twelve or thirteen fuel bundles and through which pressurized

heavy water flows to cool the fuel. They form part of the primary

heat transport system.

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

to the steam generators. It does this by circulating heavy water at high

pressure through the fuel channels and the steam generator tubes.

A formal program of standards, procedures and checks that control

the quality of work carried out on the station.

Regulations the licensee issues that state the radiation protection

standards 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 area of a pressure tube which contains the joint between the

pressure tube and the end fitting. The joint is formed through a

mechanical rolling process.
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Safeguards

Safety Analysis

Safety Support Systems

Serious Process Failure

Shift Supervisor

Shutdown Systems (SDS)

Shutdown System One (SDS1)

Shutdown System Two (SDS2)

Shutoff Rods

An international program of monitoring and inspection carried

out by staff of the International Momic Energy Agency. Safeguards

ensure that nuclear materials in the station are not diverted for

non peaceful use.

Analysis completed to show that the risk of operating the station

is acceptably low.

Systems and features of a station used solely for safety functions.

Examples include the emergency water supply system and the standby

generators.

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

sufficiently serious that one or more of the special safely systems

must operate to prevent reactor damage.

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.

Most CANDU reactors have two independent systems Each can

shut down the reactor. The first shutdown system uses gravity-drop

solid shutofj rods. The second injects pressurized liquid poison

(gadolinium nitrate) into the moderator.

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.

Neutron absorbing rods that can be dropped into the reactor under

abnormal conditions to shut it down quickly and safely.

20



Sievert (milli, micro)

Simulator

Special Safety Systems

Stack

Standby Generators

Steam Generator

Steam Generator Tubes

Transport Packaging of

Radioactive Materials

Regulations

Treaty on the Non-Proliferation

of Nuclear Weapons (NPT)

Trip

Trip Coverage

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

100 rem. One millisievert is one thousandth of a sievert 10.001 Sv).

One microsievert 11 uSv) is one millionth of a sievert.

The simulator represents the station's main control room in the

same way that a flight simulator represents the cockpit of an aircraft.

It is used for training and testing staff.

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

containment system contains any radioactivity.

The chimney-like exhaust of a ventilation system.

Diesel or gas turbine powered generators that can provide electrical

power if the station loses its normal supply.

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 steam generator tubes separate the reactor coolant

from the rest of the power generating systems.

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

separating it from the ordinary water outside the tubes which boils

to produce steam. Steam generators typically contain several

thousand tubes.

Regulations made pursuant to the Atomic Energy Control Act by the

Atomic Energy Control Board.

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.

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

certain abnormal and potentially dangerous conditions.

The measure of how well the trips protect the reactor against

specific potential accidents.
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Tritium

Tritium Removal Facility (TRF)

Turbines

Unavailability

Whole Body Radiation Dose

Work Package

A radioactive isotope of hydrogen produced in the reactor's heavy

water during operation.

A facility at Darlington designed to remove radioactive tritium

from the fieavy water used in Ontario Hydro reactors. Such removal

reduces the hazards to operating staff and the release of radioactive

material to the atmosphere.

Equipment comprising several bladed wheels that rotate when

steam from the steam generator 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.

The radiation exposure that affects all of the body tissue. Radiation

that penetrates the body completely, or radioactive materials

absorbed by the body, cause it.

The document Ontario Hydro uses to track work done in a station.

It outlines the steps necessary to complete a particular task and

identifies the necessary work groups.
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