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SUMMARY

Bruce Heavy Water Plant operation was acccplably
safe in 1991. There were no breaches of any of the
regulations issued under the authority of the Atomic
Energy Control Act.

There was one violation of the Operating Licence.
For one hour on October 30,1991, water leaving the
plant contained more hydrogen sulphide than Ontario
regulations allow. There was no threat to public
health or safely or harm to the environment as a
result of this violation.

One worker at Bruce Heavy Water Plant was
overcome by hydrogen sulphide during 1991. The
worker did not lose consciousness, but had the
symptoms of hydrogen sulphide poisoning.

Ontario Hydro raised the profile of Operating Policies
and Principles at Bruce Heavy Water Plant during
1991 lo increase awareness of these important safety
requirements. All personnel attended a training course
and Ontario Hydro is reviewing all Bruce Heavy
Water Plant documentation lo ensure it is consistent
with the Operating Policies and Principles.

Ontario Hydro met 13 of 15 safety related system
availability targets in 1991. We arc satisfied Ontario
Hydro is taking appropriate action to improve the
performance of the other two systems.

Ontario Hydro continued lo put heavy emphasis on
safety training al Bruce Heavy Water Plant. However,
they did not meet some of their other training targets.

Ontario Hydro completed 100% of Uic planned
emergency exercises al Bruce Heavy Water Plant in
1991.
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GLOSSARY

Atomic Energy Control Act

Availability

Call-ups

CANDU

Controlled Development Area

Deficiency Report

Deuterium Oxide

Enriching Unit

Finishing Unit

Heavy Water

The federal act that established the AECB and allows it to regulate the
nuclear industry in Canada.

The percentage of lime a piece of equipment is working and able to do
what it is supposed to.

Prcvcntativc maintenance on equipment.

CANadian Deuterium Uranium reactor. CANDU reactors arc Canadian
designed nuclear reactors. It uses deuterium oxide (heavy water) as a
moderator and coolant and is fuelled with natural uranium.

Unlike a nuclear reactor, heavy water plants do not have coniainmcnt to
prevent releases from plant equipment from escaping. The Controlled
Development Area balances this lack of containment. Inside the •
Controlled Development Area, the population density is restricted and
major concentrations of people, such as hospitals, schools, camp
grounds and shopping malls arc not permitted. The Controlled
Development Area at Bruce Heavy Water Plant extends for eight
kilometres from the plant.

A system for identifying problems in the plant and initialing repairs.

Heavy water

Large towers and the associated equipment that extract heavy water from
natural water using hydrogen sulphide.

Distillation lowers and the associated equipment that concentrate the
product of the enriching units into reactor quality heavy water.

Also known as Deuterium Oxide. Heavy water is a clear, colourless
liquid that looks and tastes like ordinary water. It occurs naturally in
water in very small amounts. Unlike normal water, which is composed
of hydrogen and oxygen (the well known H2O formula), heavy water is
made up of deuterium and oxygen (D2O). The name heavy water stems
from the presence of deuterium, which is a form of hydrogen that has an
extra neutron in its atomic nucleus and weighs slightly more than
ordinary water. As a result, heavy water is about 10 per cent heavier
than normal water. It also has different freezing and boiling points.

Heavy water is used as a moderator and coolant in CANDU reactors. It
is is a prescribed substance and the AECB regulates its production.



Hydrogen Sulphide (H2S)

Jumper

Operating Memo

Operating Policies and Principles
(OP&P)

Prescribed Substance

Quality Assurance (QA)

Quality Control (QC)

Quality Improvement Process

Safeguards

Safely Related System

Safety Report

Significant Event

HjS is a toxic, flammable gas. It is poisonous in relatively small
quantities. At low concentrations, it is readily detected by its strong
odour. At higher concentrations, however, it deadens the sense of smell.
When burned, H2S produces sulphur dioxide (SOj) and water.

BHWP employs a large quantity of H2S to extract deuterium from lake
water. The H2S is not used up in the process.

A temporary change to the configuration of the plant.

A temporary instruction 10 operators.

OP&P arc an Ontario Hydro document approved by the AECB. OP&P
outline operating boundaries within which BHWP may be operated
safely. OP&P also define when the operating staff may make decisions
and when a higher authority must be involved.

Any substance that con release atomic energy or is necessary for tiic
production or use of atomic energy. Prescribed substances arc regulated
by the AECB.

A formal program of standards, procedures and checks that controls the
standard of all work carried out in the station.

QC is a subset of quality assurance. QC makes sure that all fabricated
items meet the required standards.

An Ontario Hydro program started 10 improve the performance of the
Nuclear Operations Branch.

Ilic system tlial ensures Canada's national policies and international
commitments relating to the non-proliferation of nuclear weapons and
other nuclear explosive devices arc met.

Any system necessary lo ensure the safety of the plant.

An Ontario Hydro document that describes the design of the plant. It
also describes ihe safety analysis completed to show that the risk of
operating the plant is acceptably low.

An event which could have, or did have, an influence on public or
worker safety, health, security or the environment



INTRODUCTION

This rcpori is the AECB Staff review of the 1991
performance of ihe Bruce Heavy Water Plant
(BHWP).

Heavy water (also known as deuterium oxide) is
essential for the operation of the CANDU nuclear
reactor, to mod-'ate the fission reaction and cool the
fuel. It is a prc . ribed substance and its production is
regulated by the AECB.

No radiation hazards result from the production of
heavy water. However, the process employs large
quantities of hydrogen sulphide (H2S), a highly toxic
gas.

BHWP is part of Bruce Nuclear Power Development
(BNPD), and is owned and operated by Ontario
Hydro.

The current licensed operating facility includes "B"
Plant and Common Services.

B PLANT

Two enriching units (E3 and E4) concentrate Ihe
heavy water from 0.015% in the Lake Huron feed
water 10 around 30%; and,

One finishing unit (F2) concentrates the product from
the two enriching units to reactor grade heavy water
(99.92%).

COMMON SERVICES

Common Services contains the facilities for:

• H2S storage, recovery and disposal;
• water supply and treatment; and,
• other ancillary services.

D PLANT

Ontario Hydro has an AECB Heavy Water Plant
Construction Licence for "D" Plant (similar to "B"
Plant). This plant is only partly completed and is
beyond the scope of this report.

A PLANT

Ontario Hydro began dismantling "A" Plant in 1991.
The AECB licensed Ontario Hydro to operate "A"
Plant from 1973 to 1984. Further dismantling work
is on hold pending budget approval. We will continue
to monitor the dismantling to ensure it docs not affect
the safety of the licensed facilities.



OPERATIONAL SAFETY

COMPLIANCE WITH
THE ATOMIC ENERGY CONTROL
REGULATIONS

Ontario Hydro complied wilh the Atomic Energy
Control Act and Regulations at BHWP during 1991.

Under the regulations, Ontario Hydro needs a licence
to produce heavy water in Canada. They must keep
audiuiblc records of the design, construction and
operation of the plant They must allow AECB staff
free access to the plant.

COMPLIANCE WITH
THE OPERATING LICENCE

Tlicrc was one minor violation of the BHWP
Operating Licence. On Ociobcr 30,1991, water
leaving the plant contained more hydrogen sulphide
(H2S) than allowed under Ontario regulations. This
licence violation did not threaten public health or the
environment. The average H2S level in the water over
the worst hour was 0.170 parts per million (ppm)
compared 10 (he regulatory limit of 0.105 ppm. The
highest H2S level was 1.5 ppm. The amount of H2S
in the water was 12.24 kg compared to the regulatory
limit of 11.5 kg. At no lime were daily limits for
H2S in water leaving the plant exceeded.

COMPLIANCE WITH
THE OPERATING POLICIES AND
PRINCIPLES (OP&P)

Ontario Hydro reported four BHWP OP&P violations
in 1991. Public health and safety were not at risk
because of any of these violations. These violations
showed some of the OP&P are not well written. In
fact, in 1991, we approved one change to Ihe OP&P
as a result of a violation. We expect Ontario Hydro 10
make more changes to «hc BHWP OP&P in the
future.

Ontario Hydro extensively revised BHWP OP&P in
1990, and they trained all personnel on these new
OP&P in 1991. The increased aucnlion resulted in a
higher awareness of OP&P and more reporting of
potential violations.

Ontario Hydro is checking all plant documents to
remove conflicts with the OP&P.



PUBLIC HEALTH AND SAFETY ENVIRONMENTAL PROTECTION

Bruce Township council asked the AECB in 1991 lo
remove the population limits around BHWP so more
development could take place. The AECB would not
make a general change lo the restrictions, but will
consider specific development plans. The Township
council now has a specific plan, but we arc wailing
for comments from Ontario Hydro and the Ontario
government before making a recommendation lo the
Board.

A resident close to BHWP claims he and his family
were poisoned by H2S from BHWP in 1985 and again
in 1988. He also claims his sheep have suffered and
died from ongoing H2S emissions from BHWP. The
Ontario Agriculture College in Guclph is studying
the farming operation. A professor from Cornell
University's School of Mechanical and Aerospace
Energy hired by the resident concludes high levels of
112S from Bl IWP could reach the resident's farm. We
urc reviewing both this report and Ontario 1 lydro's
comments on the report.

BHWP H2S releases to the air in 1991 wcre always
below the Ontario government limits.

For one hour in 1991, BHWP released more H2S to
the walcr Uian allowed by the Ontario government.
We discussed this event earlier under Compliance
with the Operating Licence.

The two graphs show H2S releases from BHWP
during 1991.
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WORKER HEALTH AND SAFETY

BHWP again received an Ontario Hydro President's
Award for worker safety excellence. Worker safety is a
high priority at BHWP.

However, three BHWP employees suffered serious
injuries in 1991.

One worker was poisoned when he breathed I!2S
leaking from a valve. He immediately put on
breathing protection and left (he area. A short time
later, he had a headache and felt faint, typical H2S
poisoning symptoms. He was given oxygen, but did
not want go to hospital.

The other two incidents were not related to H2S, but
the employees involved did miss work because of
their injuries.

Ontario Hydro investigated all three cases thoroughly
and we are satisfied Ontario Hydro has taken the
necessary steps to prevent recurrence.
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PERFORMANCE OF
SAFETY RELATED SYSTEMS

Ontario Hydro met or exceeded its availability targets
for 13 of the 15 safety related systems at BHWP. The
two systems not meeting targets were isolation
circuits and perimeter H2S-in-air monitors.

There were 45 occasions at BHWP where at least part
of an isolation circuit did not operate as required.
These circuits limit the amount of H2S released if a
leak occurs. Ontario Hydro formed a team 10 identify
the causes and make recommendations. They ore now
implementing these recommendations.

Perimeter h^S-in-air monitors availability was only
98.8%, compared to Ontario Hydro's target of 99%.

These two systems may limit the amount of H2S
released if a leak occurs, but neither system prevents
H2S leaks from occurring. Although Ontario Hydro
did not meet their targets for these two systems, we
arc satisfied they arc doing everything reasonable to
improve their performance.

Ontario Hydro replaced the instrument air
compressors (one of the safety related systems) at
BHWP in the second quarter of 1992.

EVENTS REPORTED TO THE
AECB

We arc satisfied will) the reporting, investigation and
follow-up on significant events at BHWP. We arc
pleased Ontario Hydro is now using Root Cause
Analysis during the investigation of many of these
significant events.

Ontario Hydro identified 52 significant events at
BHWP in 1991. Ten of these were rcporiablc under
the Operating Licence. Each rcporiablc event is
discussed under the appropriate section of this report.

There were five minor fires at BHWP in 1991. One of
these fires was H2S. All five fires were quickly
contained and put out by the shift response crew.

PLANT OPERATION AND
MAINTENANCE

The maintenance backlog at BHWP was 21,965 hours
at the end of 1991. This is down from 23,856 hours
at the end of 1990. We believe this is acceptable and
are encouraged by the trend.

There were 108 active jumpers at BHWP at the end of
1991, compared to Ontario Hydro's target of 95. We
believe Ontario Hydro is taking the necessary action
to reduce this number.

Ontario Hydro completed 99.3% of their call-ups at
BHWP in 1991. They completed 100% of the call-
ups on safety related systems. We believe this
performance is satisfactory.

The following figures show the operation of the
individual lowers in the Enriching Units during 1991.
The dark shaded portion indicates the tower was in
operation. The light shaded section indicates the tower
was shut down. Each Enriching Unit consists of three
identical first stage lowers (A,B,C) operating in
parallel, one second stage and one third stage.
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PLANT MANAGEMENT EMERGENCY RESPONSE

We had good cooperation from BHWP management
in 1991. They provided any assistance and
information we requested.

Ontario Hydro has appointed a senior staff member to
the full lime position of BHWP Quality
Improvement Process (QIP) coordinator. They plan to
train many of the BHWP staff on QIP in 1992.

The Plant Manager, Mr. CD. Davidson, is on
temporary assignment until at least the end of 1993.
Mr. R.A. Judd is Acting Plant Manager during Mr.
Davidson's absence. Mr. L. VanWormer is Acting
Production Manager, replacing Mr. Judd.

TRAINING

Safety training has a high priority at BHWP.
Personnel must requalify monthly to go into
operating areas. All personnel at BHWP must
rcqualify on emergency procedures at least annually.

However, Ontario Hydro didn't meet three of its other
BHWP training targets during 1991. BHWP
employees have only 89% of the necessary generic
training. And they have only 87% ot the specific
training needed to do their jobs. BHWP employees
completed less than 91% of the necessary refresher
training during 1991. All of these have a target of
95%. Ontario Hydro says a large turnover in staff
prevented them from achieving their targets. They do
not expect lo achieve all their training targets until
the end of 1993.

We do not believe Ontario Hydro is placing enough
emphasis on updating system training manuals at
BHWP. 80% of the training manuals need updating.
Ontario Hydro has formed a new group at BHWP lo
write operating procedures. They intend to have this
group also update the training manuals.

We will follow this activity closely in 1992 and
expect to sec improved performance.

Ontario Hydro has plans in place at BHWP for both
nuclear and toxic gas emergencies. In 1991, Canadian
Standards Association issued a standard regarding
emergency planning for industry. Ontario Hydro
found the BHWP emergency plans cover all of the
items included in the standard.

We commend Ontario Hydro for exceeding their target
for drills and exercises at BHWP.

Ontario Hydro conducted the following drills and
exercises a: BHWP during 1991:

• 27 Drills per shift
• 12 Day Drills
• 1 Major Drill (included in Day Drills above)

Ontario Hydro is working with local authorities to
develop a municipal toxic gas emergency response
plan.

Ontario Hydro began replacing the existing off-site
warning system with a state of the art system to warn
residents inside the Controlled Development Area of
an H2S release. Ontario Hydro intends lo commission
this system in the second quarter of 1992.

The Ontario Hydro Employees' Union (OHEU) is
concerned a change in operator deployment at BHWP
affects emergency response. Our investigation found
the Operating Licence docs not address this issue in
any detail. BHWP management and the OHEU will
be forming a team to resolve this issue.

The OHEU is also concerned about the slate of some
of the emergency response equipment at BHWP. Our
investigation found Ontario Hydro was complying
with applicable standards. The OHEU was not
satisfied with our response and contacted the Ontario
Ministry of Labour. The Ministry of Labour
investigation is still not complete.



SAFETY ANALYSIS QUALITY ASSURANCE (OA)

The current operating licence for BHWP requires
Ontario Hydro to update (he BHWP Safety Report by
December 30,1992. We have presented Ontario
Hydro with the information we would like included in
this update.

In 1991, we initiated a research project on HiS piping
system failures. We will use this research to verify
information in the Safety Report.

This updaicd Safety Report will help the AECB
assess Bruce Township's request to change llic
population limits around BHWP.

With our approval, Ontario Hydro docs not have a
formal QA program at BHWP. Howeve-r, Ontario
Hydro does have an extensive quality control and
inspection program at BHWP. Ontario Hydro has two
classes of inspections at BHWP. Mandatory
inspections are those required by legislation.
Discretionary inspections arc those required for good
operating performance. In 1991, BHWP inspectors
completed 100% of the scheduled mandatory
inspections and 96% of the scheduled discretionary
inspections. Ontario Hydro's targets arc 100% for
mandatory and 90% for discretionary inspections. We
believe this performance is satisfactory.

SAFEGUARDS

Ontario Hydro complied with all safeguard
requirements regarding heavy water at BHWP.



CONCLUSIONS

We believe Ontario Hydro operated and maintained
Bruce Heavy Water Plant in an acceptably safe
manner during 1991.


