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The Atomic Energy Control Board is an
independent federal agency, that
controls all nuclear activities in ^°""^°
Our mission is to make sure nuclear
energy is safe for Canadians.

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
complement the on-site staff to
accomplish our mission.

We make sure every station follows all
legal requirements, and the conditions in
the Operating Licence we issue. To do
this, we review all aspects of a station's
operation and management. We also
regularly inspect each station.



SUMMARY

Ontario Hydro operated Darlington in a safe manner in 1991.

Ontario Hydro violated the Atomic Energy Control Regulations once and the Physical Security
Regulations three times in 1991. They failed to observe Operating Licence conditions on ten
occasions. We did not find that the individual events had a significant impact on safety,
however we would like to see fewer violations. There were no violations of the Construction
Licence.

None of the station staff received a radiation dose in excess of the regulatory limit in 1991.
Radioactive emissions from the station were far below the regulatory limit.

Special safety system performance was not fully satisfactory in 1991. Ontario Hydro failed to
meet the unavailability targets for shutdown system one and the negative pressure containment
system.

Ontario Hydro reported seventeen incidents to us this year under conditions of the Operating
and Construction licences. We do not find this number unduly large.

Units 1 and 2 remained shutdown for most of 1991 because of unexplained fuel bundle damage
in the reactor core. Despite enormous effort by Ontario Hydro, the fuel damage problem is not
yet solved.

Ontario Hydro have decided to replace the main generator rotors because of cracks discovered
on the rotor shaft. A fully modified rotor was installed on Unit 1.

Ontario Hydro staff at Darlington have a significant backlog of maintenance work. As in 1990,
we consider the amount of outstanding work unsatisfactory.

The Quality Improvement Program (QIP) at Darlington seemed to work well in 1991. We see
some improvements in the station that can be credited to the efforts of QIP teams.

This year, we authorized three Shift Supervisors and four Control Room Operators. Ontario
Hydro met the 1991 minimum requirements for control room staff.

All planned emergency exercises and drills took place as scheduled. Ontario Hydro identified
several areas for improvement during the drills. They are addressing these areas.

Except for a power supply interruption to some IAEA equipment, Ontario Hydro achieved all
of its safeguards goals at Darlington in 1991.

The Tritium Removal Facility (TRF) operated intermittently during 1991. Ontario Hydro is
proceeding with the design and planning of an Annex to the TRF. This will replace the
temporary facilities now in place.
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INTRODUCTION

This report presents the AECB staff review
of station operation for 1991. Our
information comes from observations of
the AECB Darlington site staff, official
correspondence with Ontario Hydro, and
reports submitted to us by Ontario Hydro
that we require under the operating
licence. We have limited our scope to
matters that have an impact on safety.



OPERATIONAL SAFETY

COMPLIANCE WITH THE
A TOMIC ENERGY CONTROL
REGULATIONS

By law, Ontario Hydro must comply with
the Atomic Energy Control Regulations,
which are made under the Atomic Energy
Control Act. Ontario Hydro violated one
condition of the Atomic Energy Control
Regulations in 1991. During our routine
compliance inspections, we found several
occasions where operations staff had not
updated radiation hazard signs. Operations
staff update these signs regularly to
advise on-site personnel of current
radiation hazards. We are satisfied with
revisions Ontario Hydro have since made
to their procedures to correct this situation.

COMPLIANCE WITH THE
PHYSICAL SECURITY
REGULATIONS

Compliance with the Physical Security
Regulations is also a legal requirement.
Ontario Hydro violated conditions of the
Physical Security Regulations three times
in 1991. We have reviewed the violations
and are satisfied with the corrective
actions taken by Ontario Hydro.
However, we have told Ontario Hydro we
expect an improvement in their security.

COMPLIANCE WITH THE
OPERATING LICENCE

The Atomic Energy Control Regulations
give us the legal authority to issue an
Operating Licence to Ontario Hydro.
Ontario Hydro must operate the station

according to the conditions in this licence.
Two important Ontario Hydro documents
referenced in the licence are the Operating
Policies and Principles (OP&P) and the
Radiation Protection Regulations. These
documents govern operation of the station.

Ontario Hydro failed to observe Operating
Licence conditions ten times in 1991.
Eight incidents were violations of
Operating Policies and Principles, one
incident was a violation of Radiation
Protection Regulations, and one incident
was a violation of the licence condition
governing safeguards equipment. Two of
the OP&P violations are also classified as
Physical Security Regulation violations.
We are not satisfied with the number of
licence violations and would like to see
fewer in future. However, we did not find
that the individual events had a significant
impact on public or worker safety. We
briefly discuss these events below.

During maintenance, Ontario Hydro
personnel removed one of two shutdown
cooling (SDC) heat exchangers from
service without Station Manager approval.
This did not create an immediate safety
problem because the reactor was operating
at full power, and the SDC system was not
needed to cool the fuel. However, it was a
breach of the station management control
over maintenance on safety-related
systems.

Also during maintenance, Ontario Hydro
personnel isolated Unit 1 from the inter-
unit feedwater tie (IUFWT) while working
on a Unit 2 valve. Unit 1 was operating at
lull power at the time. The IUFWT should
not be intentionally removed from service



while a reactor is at full power, because it
provides an alternate supply of water to the
steam generators for fuel cooling. Ontario
Hydro staff made other supplies of cooling
water available to Unit 1 before removing
the IUFWT from service, so this event did
not seriously affect safety.

Ontario Hydro informs us that lack of
understanding of the OP&P's by operating
staff caused the two above incidents.
Ontario Hydro has responded by clarifying
the requirements to their staff.

While following a routine test procedure,
Ontario Hydro personnel discovered that
the test made both of the auxiliary boiler
feed pumps (ABFP) unavailable for a short
time. This portion of the test procedure
was a violation of the same requirement
described above; without ABFP's, the
IUFWT would have been unable to supply
water to the steam generators if this
became necessary. This incident suggests
that the orginal test procedure was not
sufficiently validated before it was issued.
To achieve the intent of the test without
further OP&P violations, Ontario Hydro
wrote and issued a new test procedure.

Personnel in station stores gave two
chemical substances, gadolinium nitrate
and boric oxide, to operators prior to
verifying the isotopic concentration. These
two substances are used in the moderator
to keep the reactor in a guaranteed
shutdown state (GSS). For station staff to
be confident that the reactor will remain
shutdown, the isotopic concentration of the
chemicals must be known before use.
Station staff later tested the material in
question and found the isotopic
concentration acceptable. The Ontario

Hydro staff involved in (his incident did
not follow the existing procedures. Ontario
Hydro has changed the procedures for
handling these chemicals to prevent this
situation from recurring. Now, a
quarantine is placed on these substances
when they arrive at the station, and only
the Station Chemist can release them.

An Ontario Hydro internal audit found that
personnel bad modified an emergency
coolant injection system (ECIS) test
procedure without proper documentation or
management approval. This was a violation
of the OP&P requirement that
modifications to operating procedures be
approved by management. The modified
procedure reduced the level of redundancy
built into the ECIS, but it did not affect
the overall safety of the plant.

There was one OP&P violation that
affected shutdown system one (SDS1), and
one that affected the negative pressure
containment system (NPC). Neither of
these incidents caused unsafe conditions.
More detailed descriptions of these events
follow in the section titled 'Special Safety
Systems."

The violation of Radiation Protection
Regulations was incorrect air flow between
different radiation zones. Correct air flow
is important for minimiTing the spread of
radioactive contamination within the
station. We noted incorrect air flow on
five different occasions during our routine
compliance inspections of the station.
Ontario Hydro's attempts to correct this
ventilation problem were not satisfactory in
1991.



A documentation error led
to the violation of the
licence condition governing
safeguards. The use of
incorrect documentation
caused Ontario Hydro
personnel to leave an
International Atomic
Energy Agency (IAEA)
monitoring camera without
power. Ontario Hydro has
since amended the
documents.

COMPLIANCE WITH
THE
CONSTRUCTION
LICENCE

Radiation Dose to Station Personnel

Toul Whole Body Dote

Total Extremity Dose

Toul Neutron DOK

Toul Additional Skin Dote

Toul Tritium G»s Lung
Dote

Number of exposures greater
than Regulatory Limits

1991
Value
(mSv)

311

439

3.39

117

1.73

0

1990
Value
(mSv)

105

19.7

3.0

14.4

4.8

0

AccepUble

Accepuble

AccepUble

Accepuble

Acceptable

Accepuble

We have issued a Constuction Licence to
Ontario Hydro that governs Unit 3 and
Unit 4. Ontario Hydro complied with the
conditions of this licence during 1991.

IN STA TION RADIA TION
CONTROL

It is difficult for us to assess the adequacy
of Ontario Hydro's radiation protection
program this early in the life of the station.
In 1991, none of the station staff received
a radiation dose in excess of the regulatory
limit of SO mSv. Station workers received
• total whole body dose of 311 mSv.
Internal exposure from tritium accounted
for about one fifth of the total whole body
dose.

Regulatory limits also exist for radiation
exposure to individual organs (ISO mSv),
the slrin (300 mSv) and extremities (500
mSv). The doses received by workers at

the station to individual organs, the skin or
extremities were less than 5% of the
regulatory limits. We note that the
radiation dose to Ontario Hydro personnel
was higher in 1991 than in 1990.
Personnel were involved in several
activities that caused this increase:

* removal of the bulkhead located between
Unit 2 and Unit 3 from the Fuelling
Machine Duct,
* retrieval of a broken fuel bundle from
Unit 2,
* inspection of fuel in the core of Unit 2
for damage,
* pressure tube replacement in Unit 2,
* repair and maintenance in the Tritium
Removal Facility (TRF) with some systems
open.

Another contributing factor to the
increased personnel dose was that Unit 1
operated at full power for the first time in
1991.



RADIATION EXPOSURE TO
THE PUBLIC

The radioactive emissions from the station
during 1991 were far below the regulatory
or Derived Emission Limit (DEL). The
Derived Emission Limit is the amount of
radiation that if released from the station
could result in a member of the public
receiving a dose equal to the public dose
limit (5 mSv). Tritium was the dominant
component of these emissions.

Ontario Hydro's environmental monitoring
program for non-radioactive material is
simr <v at all of its nuclear sites. Ontario
Hydro compares its environmental
measurements with criteria established by
various federal and provincial authorities.
We have not set environmental limits, nor
do we assess Ontario Hydro's program for
its adequacy. However, all environmental
measurements for Darlington compared
well with background values or against
established limits.

Airborne Emissions to the Public

Tritium
(Oxide)

Tritium
(Elemental)

Noble G.«

Iodine 131

Particulalci

No. ofweeki > 1%
DEL

Avenge % DEL

No. of weeks > 1%
DEL

Average % DEL

No. ofweeki > 1%
DEL

Avenge % DEL

No. of weelu > 1%
DEL

Avenge % DEL

No. ofweeki > I S
DEL

Avenge % DEL

1991

0

0.105

0

0.001

0

0.032

0

0.003

0

0.001

1990

0

0.055

0

0.0005

0

0.01

0

0.002

0

0.001

Acceptable

Acceptable

Acceptable

Acceptable

Acceptable

Acceptable

Acceptable

Acceptable

Acceptable

Acceptable



Liquid Emissions to the Public

Triiium

Grotifl

No. of months > 1% DEL

Avenge % DEL

No. of monlhi > 1 % DEL

Avenge % DEL

T o u l Heavy
Water Lou (kg)

1991

0

0.009

0

0.0325

9636

1990

C

0.0017

0

0.0192

7495

Acceptable

Acceptable

Acceptable

Acceptable

Acceptable

Radiation Exposure to the Public - Environmental Measurements

ENVIRONMENTAL MEASUREMENTS

Averag e Boundary Dove Rate (nGy/tar)

Avenge Boundary Tritium in Air (Bo/nO

Averagc Tritium Concentration in
Precipitation (Bq/I)

Averag e Croaa fi in Precipitation
(Bq/nrVmonm)

Average Tritium in Milk (Bq/I)

Avenge CH m Milk (Bq/kg-C)

Average I o , m Milk (Bq/I)

Avenge Tritium m Drmkinj Water (Bq/I)

Average Graaa 6 m Drinking V/aler (Bq/Q

1991

46.2

1.2

142

26.5

11.5

2S9

<0.18

11.3

0.12

1990

43.2

0.9

50

24

11

2SS

« U 7

14

0.12

CRITERIA

Average of 12 >ilca
in Ontario

Average of 3 aicef
mOnlario

Maximum pumiauble
cooecatration

Normal for
Norm America

Maxanum permiaiible
ooncc&mbon

cooccDtrmlOT

Mujnumpcrm».a>k

MIXBUMD pcnniiiiblc
. — —..~i~.

Average of 13 ailaa
in Ontario

51

0.9

210000

5-100

240000

126000

IS

210000

0.09



PERFORMANCE OF SAFETY
SYSTEMS

Special Safety Systems

Special safety system performance was not
fully satisfactory in 1991. We require
special safety systems to be fully functional
99.9% of the time. To meet this target, a
system can only be unavailable for about
nine hours pc: year. Two of the special
safety systems, shutdown system 1 (SDS1)
and negative pressure containment (NPC),
did not meet these targets. We require
Ontario Hydro to improve their safety-
system performance in the coming year.

During one five day period, operation of
SDS1 on Unit 1 could have been delayed
by up to 1.7 seconds. Operations staff
improperly adjusted primary heat transport
system flow instrumentation that would
have caused this time delay. No
documentation existed at the time of this
error regarding the allowable adjustments

for this type of instrumentation. Ontario
Hydro responded immediately with a
revision to the calibration procedure for
the instrumentation. Ontario Hydro
assessed the significance of the 1.7 second
time delay, and found that the impact on
fuel cooling would have been negligible.
Because of this incident, Ontario Hydro
was unable to meet the unavailability
targets.

The negative pressure containment (NPC)
system was impaired twice in 1991.

During a quarterly leakrate test, Ontario
Hydro operating staff found the leakage of
air into containment was 20% above the
limit set in the Operating Policies and
Principles. Several incorrectly positioned
valves and leaking valve actuators caused
the impairment. This did not create a
significant safety hazard. In the worst
case, if an accident had occurred while this
amount of air in-leakage was occurring,
station staff would have needed to vent the

Special Safety System Unavailability

SDSl

SDS2

CONTAINMENT

ECI

199!

UnhO

674

0

Unitl

115

0

«74

0

Unit 2

0

0

S74

0

UMcccpabk

Accqttfcle

UaoxfMMc

AccapaMc

two

UiitO

0

0

Unkl

4

0

0

0

U->i2

0

13

0

0

Tifcfc n t a i ire uprated m koun.



containment system through the
Emergency Filter Air Discharge System
(EFADS) sooner than intended.

In the second instance, a control technician
discovered a main airlock door on Unit 2
was operating incorrectly, causing a short
breach of containment whenever personnel
used the door. Ontario Hydro has fixed
this problem with a design change to the
handwheel mechanism. This event did not
seriously affect safety.

Safety Support Systems

We did not find the overall performance of
the safety-support systems fully
satisfactory during 1991. In seven cases, a
safety support system would not have
functioned properly. All seven events
involved a system that can provide an
alternate way of cooling the fuel bundles in
the reactor core. However, in each case,
another heat sink was available, so the
overall safety of the plant was not reduced.

EVENTS REPORTED TO THE
AECB

Ontario Hydro reported seventeen incidents
to us this year. Sixteen of these were
required under conditions of the operating
licence and one under conditions of the
construction licence. This is the same
number of incidents that Ontario Hydro
reported to us last year under the operating
licence. We do not find this number
unduly large.

OPERATIONS AND
MAINTENANCE

Fuel Bundle Damage

Units 1 and 2 remained shut down for
most of 1991 because of unexplained fuel
bundle damage in the reactor core. Ontario
Hydro began investigating the problem
early in 1991. They have run units 1 and 2
in several modes to gather information on
primary heat transport system parameters
and to test some damage mechanism
theories.

The fuel bundles show four types of
damage: endplate cracking, inter-element
spacer wear, endplate wear and bearing
pad wear. The damage suggests a vibration
problem.

Endplate cracking and inter-element spacer
wear may result in a change in bundle
geometry, which means the reactor may
operate outside normal, analyzed
conditions. Bundle bearing pad wear is
associated with pressure tube wear, which
in the long term can bring into question the
integrity of the pressure tubes.

Ontario Hydro shut Unit 2 down on
January 12, 1991 whca they first
confirmed fuel damage during examination
of discharged fuel in the fuel bay. Unit 2
remained in the guaranteed shutdown state
for most of 1991; it operated with the heat
transport system at full temperature for
five days in July to characterize primary
heat transport (PHT) parameters.



Station Operation

Number of non-ipurious reactor tripi/unit

Number of serious process fsilures/unil

Number of reporuble wcidems/unit

Number of fires

Number of significant human errors reported

1991

1

0

6

0

34

1990

1

0

5

1

25

Acceptable

Acceptable

Acceptable

Acceptable

Needs Action

Unit 1 operated at high power levels until
March 9, 1991. Ontario Hydro shut Unit 1
down at that time to correct a potential
fault on the main output transformer and to
continue commissioning of the fuel
handling system. Ontario Hydro inspected
some of the fuel removed from Unit 1 and
saw little damage. However, they had
observed extensive fuel damage in Unit 2.
We agreed to let OH operate Unit 1 to try
to understand the fuel damage problem,
but imposed conditions for continuous
monitoring of plant operating parameters
and enhanced fuel inspection. Under the
careful surveillance of an Ontario Hydro
research team, Unit 1 operated at power
from August 24 to October 16, and again
from December 27 until January 26, 1992.
Ontario Hydro found bearing pad wear on
bundles discharged from Unit 1 in January
1992. This confirmed the problem did
extend to both of the commissioned units
at Darlington.

Generator Rotor Shaft

Ontario Hydro discovered cracks in three
of the main generator rotor shafts.
Investigations by the manufacturer of the

rotor shafts and Ontario Hydro showed
that interaction between components
around the field winding contacts was
responsible for the cracks. The problem
with cracks is that they could grow during
operation and reach a critical length, which
could lead to catastrophic failure of the
rotor shaft, endangering both workers and
equipment. For this reason, Ontario Hydro
decided to replace the rotors with a
modified contact-free winding type.

Ontario Hydro operated Unit 1 from
August 24 to October 16 with a modified
rotor, which the manufacturer qualified for
eighteen hundred hours of operation.
Ontario Hydro station staff and personnel
from the manufacturer installed the fully
modified rotor shaft during a planned
outage in October 1991.

Chemistry Control

In 1991, Ontario Hydro met its overall
station chemical control performance
standard 94.5% of the time against a target
of 95%. This was an improvement over
1990. As in 1990, they had trouble
controlling dissolved deuterium in the



primary heat transport (PHT) system of
Unit 1. Station staff found hydrogen
additions to the PHT were mostly
bypassing the system through a
recirculation line to the D,0 storage tank.
They are changing their operational
procedure to correct this situation and we
expect that control of dissolved deuterium
in the PHT system will improve.

On-Power Refuelling

We have not given approval to Ontario
Hydro for routine on-power refuelling.
Before we give this approval, we expect
Ontario Hydro to confirm satisfactory
operational experience with the channel
flow blockage detection system. We also
expect them to submit an analysis
confirming channel integrity for postulated
accidents that could occur during fuelling.
To allow Ontario Hydro to inspect end
bundles in 100 channels of Unit 1 for fuel
damage, we did give approval for on-
power refuelling using a modified 4-bundle
push technique. They demonstrated the
technique on one flow-instrumented
channel before proceeding with large-scale
refuelling.

In 1991, Ontario Hydro developed and
tested many special fuel handling
techniques, tools and procedures to
retrieve damaged fuel bundles from the
reactor core. They successfully completed
these activities without major errors, and
without injury or excessive radiation dose
to personnel.

Maintenance

Scheduled routine maintenance or call-ups
are an important part of the maintenance
program. Operators are not meeting their
85% completion rate target, although they

have improved the completion rate from
73% in 1990 to 81% in 1991. We note the
improvement, but we are not satisfied with
a completion rate of less than the 85%
target. All other work groups are achieving
these targets.

Ontario Hydro staff at Darlington have a
significant backlog of maintenance work.
Despite a backlog reduction program
started in 1991, the amount of outstanding
work, measured in terms of Work
Packages, has increased 10% from 1990.
Commissioning work on Units 3 and 4
contributed to the increase. As in 1990, we
consider the size of this backlog
unsatisfactory. We expect that Ontario
Hydro staff will continue their efforts to
reduce it.

STATION MANAGEMENT

We approved Ontario Hydro's decision to
appoint Mr. A.G. Holt as station manager
at Darlington. Mr. Holt joined the
Darlington staff early in May of 1991.

It is our view that Ontario Hydro senior
managers have acted in a responsible and
safe manner during a difficult and
frustrating year. Fuel damage problems
have kept Darlington from producing
power and despite enormous effort by
Ontario Hydro, have remained unsolved.
Early in 1991, we found management
reluctant to acknowledge the broad scope
of the problem and look beyond a quick
fix solution. However, this attitude did
change and overall we are satisfied with
Ontario Hydro's approach. Specifically,
we are satisfied with Ontario Hydro's
decisions to:
* form a senior management review
comrnittftg,

10



• plan tests on Unit 1,
• set up an enhanced fuel inspection
program,
• improve the monitoring systems for fuel
damage,
• use external consultants,
• and use internal and external research
labs.

Licensing Commitments

We note the effort that Ontario Hydro has
made to fulfill its licensing commitments.
In 1991, seventy-three licensing
commitments were completed and twenty-
nine new commitments were added. At
year end, there were fifty-one
commitments outstanding. However, there
are several commitments overdue, and we
have told Ontario Hydro that we will
expect improvement in this area.

Action Items

We did not see an improvement during
1991 in the response to licensing action
items. We opened twelve action items in
1991, but Ontario Hydro had closed only
two by the end of the year. Ontario Hydro
has cited the large number of personnel
working on the fuel damage investigation
to explain the slow response. We find this
explanation unsatisfactory and expect more
progress on action items in 1992.

Quality Improvement Program
(QIP)

The Quality Improvement program (QIP)
at Darlington seemed to work well in its
second year. We see evidence of improved
workplace conditions, more employee
involvement in defining issues and
implementing solutions, and support from

management, the Society, and the labour
union. We have observed an improvement
in housekeeping throughout the station that
can be credited to the efforts of a QIP
team. Scepticism about the QIP program is
still evident in the workforce, but it is too
early to know if this is going to be a
persistent problem that Ontario Hydro will
need to address.

TRAINING

Authorization Training

We are pleased to note a combined pass
rate of 86% for all AECB audit exams
written by Ontario Hydro candidates in
1991. This year, we authorized three Shift
Supervisors (SS) and four Control Room
Operators (CRO). Including these people,
Ontario Hydro had just enough authorized
CRO's to meet the 1991 minimum
requirements for control room staff.

Refresher Training

Ontario Hydro uses simulator-based
refresher training to keep authorized
personnel familiar with operating
procedures and techniques. Currently, we
have no formal requirement for refresher
training at Darlington. However, Ontario
Hydro has established a program similar to
those at its other stations in anticipation of
our future requirements. Twenty-six
authorized personnel successfully
completed refresher training at the
Darlington simulator. This includes all of
those currently on shift and several
authorized personnel who work mostly
during daytime hours.

11



Backfit Training

Backfit training ensures that staff
transferred to Darlington from other
nuclear stations obtain Darlington station
specific knowledge. We were pleased to
see a reduction in the backfit training
backlog for all work groups during 1991.
Ontario Hydro needs to maintain their
commitment to reduce this backlog further.

Fuel Handling Training

Ontario Hydro introduced a new Fuel
Handling training program in early 1991.
With an improved training program, we
expect the good effort put into the
reduction of fuel handling problems in
1991 to continue. Ten operators began this
program in 1991.

EMERGENCY EXERCISES &
DRILLS

All planned drills and practices took place
as scheduled. Each shift crew performed
an emergency drill practice accompanied
by Town of Newcastle firefighters, at least
one major reactor drill and a transportation
emergency involving radioactive cargo.
The reactor drills simulated a major
reactor system process failure. Fire and/or
casualty scenarios further complicated the
drills. The purpose of these drills is to
assess crew strengths and weaknesses.

Ontario Hydro identified several problems
during the major reactor drills.
Communications, and staff knowledge of
instruments and emergency procedures
need improvement. Ontario Hydro intends
to solve these problems with improved
training, and more readily available
emergency equipment.

We noted the good performance of most of
the Emergency Response Teams during
1991 reactor drills.

SAFETY ANALYSIS

Staff at Ontario Hydro's head office
usually investigate safety analysis issues.

Waterhammer Associated with
Operation of the Emergency
Core Cooling System

We are satisfied with the analysis
completed by Ontario Hydro and consider
this issue resolved. Before we gave
approval to Ontario Hydro to load fuel in
Unit 3, Ontario Hydro had completed the
analysis for Emergency Core Injection
system (ECIS) piping in Units 3 and 4.
They confirmed die piping stress level will
remain within allowable limits if
waterhammer occurs. The Ministry of
Consumer and Corporate Relations
(MCCR) has accepted the stress analysis
and registered the entire ECIS.

Waterhammer Associated with
Water Injection into Steam
Generators

In an emergency, if cooling water is lost
from the secondary side systems, water
must be injected into the steam generators
by the Steam Generator Emergency
Cooling System (SGECS), Emergency
Service Water System (ESWS), or Inter-
unit Feedwater Tie (IUFWT) to maintain
fuel cooling. Ontario Hydro has known
since November 1990 that a waterhammer
transient severe enough to cause a pipe
break might occur upon injection. Ontario
Hydro is currently doing a stress analysis

12



to confirm the acceptability of their
proposed design change solution. We do
not yet have their schedule for the design
change.

Heat Transport System
Waterhammer Stress Analysis

In 1991, Ontario Hydro completed a cold
waterhammer stress analysis. It covered
the case of waterhammer in the heat
transport system following emergency core
coolant injection under cold conditions.
The heat transport system piping met the
ASME code requirements except on four
piping supports. Ontario Hydro are
committed to replacing the supports, but
want to wait until the waterhammer
analysis is complete for hot conditions. We
are reviewing Ontario Hydro's position to
see if this is acceptable.

Ontario Hydro does not yet have the
analytical tools to perform the required
analysis on the effects of waterhammer on
heat transport piping under hot conditions.
They have given us details of a test
program to develop a computer code that
will allow them to do the analysis. Their
schedule predicts that a verified computer
code will be available early in 1993, and
the analysis will be completed in
December 1994.

We have reviewed the scope and schedule
of the test program and find it acceptable.
We expect Ontario Hydro to keep us
informed of progress through a semi-
annual status report.

QUALITY ASSURANCE

We found the Quality Assurance Program
at Darlington satisfactory in 1991.

In June, AECB staff conducted an audit of
the Darlington Commissioning Quality
Assurance Program with emphasis on Unit
3 activities. We found that Ontario Hydro
was complying with the relevant station
reference plans in most of the subject areas
audited. We made two recommendations to
Ontario Hydro; one with respect to
commissioning reports and one with
respect to the verification of field
activities. Ontario Hydro's response to
these recommendations was satisfactory.

With an increase in the number of staff in
the Quality Assurance Section, we note an
improvement over 1990 in the level of
activity associated with internal audits and
assessments.

SAFEGUARDS

Canada is a signatory of the Nuclear Non-
Proliferation Treaty. This treaty requires
the application of International Atomic
Energy Agency (IAEA) safeguards to all
nuclear material in Canada. As a result,
Ontario Hydro must maintain a record of
the location and nuclear material content of
each and every new and used fuel bundle.

Despite an extended power supply
interruption to one core discharge monitor,
and the abnormal fuelling conditions
arising from the fuel damage problems in
Units 1 and 2, the IAEA achieved all of its
safeguards goals at Darlington NGS in
1991. An increased number of Short
Notice Random Inspections and excellent
cooperation from Ontario Hydro station
staff were important contributors to this
successful result.

Investigation of the fuel damage problem
has led to a delay in the completion of the
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Safeguards Implementation Plan (SIP).
This plan will describe the activities
necessary to meet safeguards requirements.
Once experience is gained under normal
fuelling conditions the SIP can be
finalised.

TRITIUM REMOVAL FACILITY

The Tritium Removal Facility (TRF)
operated intermittently during 1991. This
year, the facility processed 1027 tonnes of
tritiated heavy water from Pickering NGS
and Bruce NGS. Fifteen megacuries (MCi)
of extracted tritium are permanently
immobilized and stored in metal hydride
form. Removal of tritium from the heavy
water used in Ontario Hydro's nuclear
stations reduces the risk of radiation
exposure to station staff and releases of
tritium to the environment.

Ontario Hydro is proceeding with the
design and planning of an Annex to the
TRF. It will contain a mechanical
maintenance shop, a control maintenance
shop, decontamination facilities, change
rooms, showers and laundry services. This
is in response to AECB concern that many
facilities now in place to control tritium
contamination are temporary. We informed
Ontario Hydro that the temporary facilities
were not suitable for long term operation
after our staff conducted an appraisal of
the TRF.

Following our appraisal, Ontario Hydro
took immediate action to improve the
existing decontamination facilities. In a
room adjacent to the TRF, Ontario Hydro
set up another maintenance and
decontamination area, also temporary, but
of more durable construction. This area
has been supplied with all the necessary
equipment for effective contamination

control. The facility was fully functional
by the end of 1991, and will be used until
the TRF Annex is available.
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CONCLUSIONS

Ontario Hydro operated the Darlington
Nuclear Generating facility safely during
1991, despite the difficulties encountered
because of a fuel damage problem. We
have identified several areas needing
improvement, and we will expect to see
progress in the coming year.
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GLOSSARY

Air Locks

Atomic Energy Control Act

Atomic Energy Control
Regulations

Authorized Personnel

Auxiliary Boiler Feed Pump
(ABFP)

Fuel Bearing Pad

Bequerel (Bq)

Channel

The means of access to and from the
reactor building. They are designed to
maintain the containment integrity during
personnel and equipment transfers.

An act passed by Parliament in 1946 to
provide for the control and supervision of
the domestic development of atomic
energy and to enable Canada to participate
effectively in measures of international
control of atomic energy.

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

License*- staff who the AECB have
licensed or approved for specific positions
at the station.

A pump maintained for emergency use if a
main boiler feed pump fails to operate.

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

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

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

Contamination

Control Room Operator (CRO)

Core

Core Discharge Monitor

Derived Emission Limit (DEL)

Dose

The testing of equipment and systems of a
pre-operational station to ensure that all
design requirements have been met.

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

A CRO is responsible for operating the
controls for the reactor. Only persons
whom the AECB approves can occupy this
position.

The heart of a nuclear reactor containing
the fuel, moderator (heavy water), control
rods and coolant.

Safeguards equipment used by the IAEA
to detect and count bundles discharged
from the reactor.

A calculated amount of radioactivity that,
if it were released from the station, would
result in a radiation exposure of 5 mSv to
a member of the public in the worst
possible case. Five mSv is the maximum
annual radiation exposure allowed for
members of the public by the Atomic
Energy Control Regulations. The
calculation is done by 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*.

Generally, the quantity of radiation energy
absorbed by a body.
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Emergency Coolant Injection
System (ECI)

Emergency Filtered Air
Discharge System (EFADS)

Emergency Service Water System
(ESW)

End Plates

Facility Attachment

Fuel Bay

Fuel Bundle

Fuel Handling

Also known as the Emergency Core
Cooling System, or ECC. A supply of
cold water that can quickly be injected
into the fuel channels of the reactor if the
normal source of cooling water is lost. It
also provides long term cooling for the
fuel by recovering water from the reactor
building floor.

Operated in the long term following a loss
of coolant accident (LOCA) to maintain
the reactor containment structure
subatmospheric and to allow a controlled
and monitored release of radioactive
products to the environment.

Primarily used to supply cooling water to
essential safety-related systems in case
normal service water supplies are
unavailable.

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

A subsidiary arrangement to the agreement
between Canada and the IAEA covering
the application of safeguards at a station.

A large pool of natural water where fuel
discharged from the reactor is cooled and
shielded until it is safe to remove to dry
above ground storage.

A collection of thirty seven pencil shaped
elements containing natural uranium that
are held together by end plates into the
form of a cylinder.

The system that is responsible for fuel
changing and storage of new and
irradiated fuel.
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Fuelling Machine (FM)

Fuelling Machine Duct

Generator

Gray (Gy)

Gross Beta/Gamma

Guaranteed Shutdown State
(GSS)

Heat Exchanger (HX)

Heavy Water (D20)

Housekeeping

Used to fuel the reactor. Two remotely
controlled FMs 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 passageway in which the fuelling
machines travel between reactors at i
station and the fresh and irradiated fuel
storage areas.

Equipment that converts the mechanical
power delivered by the turbine into
electricity. There is one generator for each
reactor.

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

A measurement of the total beta and
gamma radioactivity in a sample.

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

Equipment that transfers heat between
systems.

A chemical compound made up of
deuterium (D), an isotope of hydrogen,
and oxygen. It is chemically and
physically similar to ordinary water (H20),
but is about 10% heavier. Heavy water
occurs in small concentrations in nature,
and it is made by separating it from
natural water. It is used as a moderator
and coolant in a CANDU reactor.

The act of keeping a station neat and tidy,
with equipn-jot and components stored
properly.
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Inter Unit Feed Water Tie
(IUFWT)

Inter-Element Spacer

Internal Exposure

International Atomic Energy
Agency (IAEA)

Maximum Permissible
Concentration

Ministry of Consumer and
Corporate Relations (MCCR)

Moderator

A system that allows water to be
transferred between the boiler feedwater
systems of different units at a multi-unit
station. The IUFWT is designed for use in
the event that the normal supply of cooling
water to the steam generators is lost.

The separation among the elements in a
fuel bundle along its length is maintained
by spacers that are brazed onto the
elements. The spacers are positioned so
that the contact between any two mating
elements is spacer to spacer.

A person is exposed to internal radiation
when the source of ionizing radiation is
inside the body.

The IAEA is a United Nations agency
established in 1957. It provides a system
of safeguards to make sure that nuclear
materials from peaceful applications are
not diverted to non-peaceful activities. It
also provides an international forum for
nuclear safety.

The amount of radioactive material in air,
water or food that might be expected to
result in a maximum permissible dose to
persons consuming them at a standard rate
of intake.

The provincial government authority
responsible for the inspection of pressure
vessels and pressure containing
components.

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 was to cause a complete
loss of cooling to the fuel channels.
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Negative Pressure Containment
(NPC)

Operating Policies and Principles
(OP&P)

Physical Security Regulations

Pressure Tubes (PT)

Primary Heat Transport System
(PHT)

Quality Assurance (QA)

Quality Improvement Process
(QIP)

Radiation Protection Regulations

Retube

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

A licensee document required under the
licence and approved by the AECB. It
outlines operating boundaries within which
the stationmay be operated safely and
efficiently.

Regulations issued by the AECB that state
the physical security standards at nuclear
facilities.

Also known loosely as fuel channels.
Tubes that pass through the calandria that
contain twelve or thirteen fuel bundles.
Pressuiized heavy water flows through the
tubes, cooling the fuel.

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

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

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

Pressure tube replacement.
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Safeguards

Safeguards Implementation Plan

Safety Support Systems

Shift Supervisor

Short Notice Random Inspections

Shutdown Cooling System (SDC)

Shutdown System No. 1 (SDS1)

Shutdown System No. 2 (SDS2)

An international program of monitoring
and inspection that is carried out by staff
of the International Atomic Energy
Agency. Safeguards ensure that nuclear
materials in the plant are not diverted for
use in weapons.

A document describing the safeguards
procedures at a station.

Systems and features of a station solely
for safety functions. Examples include the
emergency water supply system and the
emergency power supply system.

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

Inspections carried out by IAEA
inspectors on the shortest notification
agreed to by the AECB and the IAEA.
Timing is based on random selection.

Cools the fuel to remove decay heat after
a normal reactor shutdown.

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

An alternate method of quickly shutting
down the rector by rapidly injecting a
neutron poison (gadolinium nitrate) into
the moderator.
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Simulator

Sievert (milli, micro)

Special Safety Systems

Steam Generator

Steam Generator Emergency
Cooling System (SGECS)

Treaty on the Non-Proliferation
of Nuclear Weapons (NPT)

Tritium

A computerized replica of the station's
control room, in the same way that a
flight simulator represents the cockpit of
an aircraft. It is used for training and
testing staff.

A measurement of radiation exposure in SI
units. One Sievert is the same as 100 rem.
One milliSievert is one thousandth of a
Sievert (0.001 Sv). One microSievert (1
uSv) is one millionth of a Sievert
(0.000001 Sv).

There are four special safety systems:
shutdown system one, shutdown system
two, emergency coolant injection and
containment. They are each functionally
independent systems that can shutdown the
reactor, provide cooling and contain any
radioactivity if a problem occurs with the
nonnal process systems.

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

A system for supplying cooling water to
the shell (natural water) side of the steam
generators if the normal supply of cooling
water is lost.

An international treaty that came into
force in 1970, and to which Canada is a
party. It is aimed at preventing the spread
of nuclear weapons.

A radioactive isotope of hydrogen that is
produced in the reactor's heavy water
during operation.
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Tritium Removal Facility (TRF)

Unavailability

Waterhammer

Whole Body Dose

Work Package

A facility at Darlington designed to
remove radioactive tritium from the heavy
water used in Ontario Hydro reactors.
Such removal reduces the hazards to
operating staff and the release of
radioactive material to the atmosphere.

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 rapid filling by water of a vapour
space in a pipe or pressure vessel that
causes a large impact force.

The radiation exposure that affects all of
the body tissue. It is caused by radiation
that penetrates all the body tissue, or by
radioactive materials that have been
absorbed by the body.

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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