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The Atomic Energy Control Board (AECB) 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.

Heavy Water is an essential part of Canada's nuclear
industry and the AECB regulates its production. We
have staff at every nuclear generating and heavy water
production facility and we monitor these facilities 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 facility's performance against legal
requirements, including the conditions in the Operating
Licence we issue. To do this, we review all aspects
of the facility's operation and management. We also
inspect each facility.



SUMMARY

This report is the Atomic Energy Control
Board staff assessment of the operation
of Bruce Heavy Water Plant (BHWP)
during 1994. BHWP operation was accept-
ably safe in 1994. At BHWP, Ontario Hydro
did not breach any of the regulations issued
under the authority of the Atomic Energy
Control Act.

There were four minor violations of the
BHWP Operating Licence. In all cases,
Ontario Hydro exceeded Ontario govern-
ment limits for releases to the environment.
None of the events threatened public
health or the environment.

No BHWP workers were poisoned by
hydrogen sulphide in 1994. At BHWP,
two workers suffered injuries, not related
to hydrogen sulphide, resulting in them
taking time off work.

Ontario Hydro met both safety system
availability targets and all safety-related
system availability targets but one at BHWP

in 1994. Isolation circuit availability has
stayed essentially the same throughout 1993
and 1994. Although the availability of isola-
tion circuits is slightly below target, the cur-
rent performance is better than Ontario
Hydro assumed it would be when
it assessed the risk BHWP poses to the
public. Isolation circuits limit the amount
of hydrogen sulphide released if a major
leak occurs.

At BHWP, Ontario Hydro continued to
emphasize safety training in 1994.

Our in-depth assessment of BHWP emer-
gency preparedness capability produced
mixed findings. We found emergency
response crew performance good, but
we identified some concerns regarding
the management of the overall emergency
preparedness program. Ontario Hydro
completed 100 percent of the planned
emergency drills at BHWP in 1994.
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INTRODUCTION

This report is the AECB Staff review of
the 1994 performance of the Bruce Heavy
Water Plant (BHWP). Ontario Hydro owns
and operates BHWP as part of its Heavy
Water Division, located at the Bruce
Nuclear Power Development, on the shore
of Lake Huron between Kincardine and
Port Elgin.

Heavy water (also known as deuterium
oxide) is essential for the operation of
the CANDU nuclear reactor to moderate
the fission reaction and to cool the fuel.
It is a prescribed substance and the
AECB regulates its production.

There are no radiation hazards from the
production of heavy water. However, the
process needs large quantities of hydrogen
sulphide, a highly toxic gas.

The nuclear industry uses many technical
terms. We have included a glossary, begin-
ning on page 13, to define these technical
terms. Items included in the glossary
are in italics the first time they appear in
the report.

At our head office in Ottawa, the public
can consult all 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 Annual
Report, we publish research reports, com-
muniques, information bulletins, notices
and pamphlets. Board meeting minutes are
also available. Our address is: 280 Slater,
Ottawa, Ontario, Canada. Written requests
for information should be mailed to: Atomic
Energy Control Board, Office of Public
Information, P.O. Box 1046, Ottawa,
Ontario, Canada, KIP 5S9. We can also
be reached by telephone at 613-995-5894
or 1-800-668-5284.

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

B PLANT

Enriching Unit #4 extracts heavy water
from the Lake Huron feed water and
concentrates it to about 30 percent.

Finishing Unit #2 concentrates the product
from the enriching unit to reactor grade
heavy water (99.92 percent).



COMMON SERVICES

Common Services contains the facilities for ;
• hydrogen sulphide storage, recovery

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

D PLANT

The AECB authorized Ontario Hydro to
construct "D" Plant (similar to "B" Plant) in
1975. "D" Plant was only partly completed
when Ontario Hydro decided to mothball it
in 1980. An AECB Construction Licence
remains in effect for "D" Plant, but is
beyond the scope of this report.

A PLANT

The AECB licensed Ontario Hydro to
operate "A" Plant from 1973 until Ontario
Hydro shut it down in 1984. In 1994,
Ontario Hydro completed the dismantling
of the above ground portion of "A" Plant.
We monitored this dismantling to ensure
it did not affect the safety of the licensed
facilities.



OPERATIONAL SAFETY

COMPLIANCE WITH THE
ATOMIC ENERGY CONTROL
REGULATIONS

Ontario Hydro complied with the Atomic
Energy Control Regulations at BHWP
during 1994.

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

COMPLIANCE WITH THE
OPERATING LICENCE

In general, Ontario Hydro complied with
its AECB Heavy Water Plant Operating
Licence in 1994. We discuss minor viola-
tions of Ontario's environmental limits in
the section on Environmental Protection.

Ontario Hydro did not report any events
which violated BHWP Operating Policies
and Principles (OP&P) in 1994. Ontario
Hydro did advise us it intends to revise the
BHWP OP&P substantially. However, it
had not completed its review of these revi-
sions before the end of 1994. Changes to
the BHWP OP&P require our approval.

PUBLIC HEALTH AND SAFETY

We believe that BHWP operation did
not pose any undue risk to public health
and safety.

However, a resident close to BHWP claims
hydrogen sulphide from BHWP poisoned
him and his family in 1985 and again in
1988. He also claims his sheep suffer and
die from ongoing hydrogen sulphide and
sulphur dioxide releases from BHWP.
There is evidence that something has affect-
ed the resident and his sheep. However,
the monitored concentrations of hydrogen
sulphide and sulphur dioxide around BHWP
are low compared to other locations in
Ontario and to regulatory criteria. Experts
would not expect health effects at these
levels. We have concluded that during
normal operation, it is unlikely that releases
of hydrogen sulphide or sulphur dioxide
from BHWP could result in off-site concen-
trations known to cause health effects.

Based on this, we believe it is unlikely
that hydrogen sulphide is the cause of the
resident's or his family's health problems.
However, there is little information avail-
able to link the effects suffered by his sheep
flock to emissions from BHWP. We will
continue to monitor developments in this
area and will review any new information as
it becomes available. The resident does not
agree with our conclusions.
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WORKER HEALTH
AND SAFETY

No BHWP workers were poisoned by
hydrogen sulphide in 1994. However, two
workers did suffer injuries, not related
to hydrogen sulphide, resulting in them tak-
ing time off work. Ontario Hydro thorough-
ly investigated both accidents.

ENVIRONMENTAL
PROTECTION

In general, releases from BHWP were
far below environmental limits in 1994.
However, on four occasions, Ontario
Hydro exceeded Ontario government
environmental limits.

hourly average concentration in the cooling
water discharge from BHWP reached 187
parts per billion (ppb), compared with the
Ontario government limit of 105 ppb.
Ontario Hydro did not exceed any other
government limit.

The next day, March 20,1994, an isolation
valve that was not tightly shut and inade-
quate procedures allowed hydrogen sul-
phide to once again enter the cooling water
from the same heat exchanger. The cooling
water discharge from BHWP reached 197
ppb, compared to the 105 ppb limit. Also,
the maximum hourly loading of hydrogen
sulphide in the cooling water reached
24.1 kilograms per hour, compared with the
Ontario government limit of 11.5 kilograms
per hour.

Figure 1 : Hydrogen Sulphide Released to Lake Huron
by BHWP (metric tons)

Ontario Hydro management
appointed a single investigation
team to analyze these events
together. Ontario Hydro has
acted on all the recommenda-
tions from the investigation
team. Neither of these events
threatened public health or the
environment. Ontario Hydro
never exceeded any Ontario
government daily limits for
hydrogen sulphide or sulphur
dioxide releases from BHWP.
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On March 19, 1994, cooling water in a
heat exchanger froze, damaging the heat
exchanger and allowing hydrogen sulphide
to enter the cooling water. The maximum

In 1994, Ontario Hydro
received permission from the
Ontario Ministry of Energy and

Environment (OMEE) to remove two sets of
hydrogen sulphide and sulphur dioxide
monitors. These monitors were in scarcely
populated areas and were added in 1983.



OMEE agreed that removing these monitors
would have no impact on Ontario Hydro's
ability to monitor hydrogen sulphide or
sulphur dioxide releases. Ontario Hydro
now uses a state of the art computer pro-
gram to predict hydrogen sulphide and
sulphur dioxide dispersion before operating
personnel actually release hydrogen sul-
phide to the environment. BHWP is still
surrounded by hydrogen sulphide and
sulphur dioxide monitors.

Also in 1994, Ontario Hydro received
approval from OMEE to reduce its invento-
ry of hydrogen sulphide by burning it in
the BHWP flare system. This approval
was conditional on Ontario Hydro provid-
ing OMEE with additional data on the
hydrogen sulphide releases, and weather
conditions being appropriate. As Figures 1
and 2 show, even with these extra releases,
Ontario Hydro kept releases of hydrogen
sulphide to the environment at traditional
levels. With only one enriching unit
operating, we expect these
releases to reduce over time.

An isolation valve that was not fully closed
accounted for about 10 percent of the loss,
while incorrect valve lineup during a start-up
accounted for the remainder. Ontario Hydro
thoroughly investigated this incident and has
implemented the investigation team's recom-
mendations. This release did not threaten
public health or the environment.

On one occasion, Ontario Hydro released
water with more solids (mostly sand)
in it than Ontario government limits allow
to Lake Huron from BHWP. This event
did not threaten public health or the
environment.

In 1994, the Ontario Ministry of Energy
and Environment (OMEE) began a routine
study of plant and forage samples around
BHWP. OMEE will analyze these samples
for any accumulation of sulphur or other
chemicals. OMEE had not published its
report on the study by year-end.

Ontario Hydro reported two
other releases to the environ-
ment in 1994. Over about
three months, beginning in
October 1993, Ontario Hydro
lost over 6,600 kilograms
of a chemical used to recover
hydrogen sulphide from
waste gas streams. Ontario
Hydro did not discover the
loss until it conducted a rou-
tine independent inventory
check of the chemical.

Figure 2: Hydrogen Sulphide Released to Air
by BHWP (metric tons)
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PERFORMANCE OF
SAFETY SYSTEMS

Ontario Hydro met or exceeded its avail-
ability targets for both BHWP safety sys-
tems and all but one BHWP safety-related
systems in 1994. Isolation circuit availabili-
ty is slightly below target, and has stayed
essentially at 1993 levels. Isolation circuits
do nol prevent hydrogen sulphide leaks,
but will limit the amount of hydrogen sul-
phide released if a leak occurs. During cold
weather, these valves are subject to freez-
ing. Ontario Hydro has analyzed that the
risk BHWP poses to the public is accept-
ably low. In this analysis, Ontario Hydro
assumed that isolation circuit performance
was much lower than current isolation
circuit performance actually is. Ontario
Hydro continues to use a multi-disciplinary
team to analyze isolation circuit perfor-
mance and recommend improvements.
Ontario Hydro implements the recommen-
dations of this team as quickly as possible.
We believe Ontario Hydro is doing every-
thing reasonable to improve isolation
circuit performance.

Although Ontario Hydro met its availability
target for the off-site warning system, on
two occasions part of the off-site warning
system was not functioning. On the first
occasion, during routine silent testing of
the horns, 3 of the 22 horns did not operate.
However, the redundancy in the off-site
warning system ensured that the system
was still available. Ontario Hydro complet-
ed repairs and retested the system promptly.

On the second occasion, an electrical storm
disrupted the normal power supply to 2 of
the 22 air horn sites. The two sites success-
fully switched to local battery backup, but
Ontario Hydro could not repair the normal
power supplies before the batteries were
depleted. In both cases, Ontario Hydro
was aware that the system was not working
and had contingency plans in place should
it need to warn the public. We are satisfied
that Ontario Hydro dealt with these inci-
dents properly. Ontario Hydro would use
the off-site warning system to quickly warn
residents in the area of a BHWP emergency.
Ontario Hydro distributes an information
kit annually to all residents in an eight
kilometre radius around BHWP of what
to do should the horns sound.

On one occasion, the inventory of propane,
used to ensure that hydrogen sulphide
releases to the flare system are successfully
ignited and converted to sulphur dioxide,
reached a low level. The instrument used
to measure propane level in the storage tank
was giving erratic readings. BHWP person-
nel isolated the gauge and cleaned it out.
When they returned the gauge to service,
it indicated a low propane level. Ontario
Hydro immediately restricted propane use.
A rush delivery of propane arrived within
six hours. At no time did Ontario Hydro
run out of propane.

At the end of 1994, there was no mainte-
nance backlog on safety or safety-related
systems.



EVENTS REPORTED
TOTHEAECB

We are satisfied with the reporting,
investigation and follow-up on significant
events at BHWP. Ontario Hydro uses Root
Cause Analysis, a technique to find out the
underlying causes of errors and equipment
problems, during the investigation of many
of these significant events.

Ontario Hydro reported eight events at
BHWP in 1994 that the Operating Licence
specifies it must report to us. We discuss
each event under the appropriate section
of this report.

PLANT OPERATION AND
MAINTENANCE

We believe Ontario Hydro's operation
and maintenance of BHWP was acceptable
in 1994.

On September 30, 1994, we gave Ontario
Hydro approval to demolish and remove the
above ground portion of Enriching Unit #3,
on the condition that it obtains all other
necessary permits and approvals and that
it briefs us on the actual demolition tech-
niques it plans to use. Preliminary work
has begun and Ontario Hydro expects to
complete the demolition in 1995. We con-
sulted with Environment Canada, Ontario
Ministry of Energy and Environment and
the Bruce-Grey-Owen Sound Health Unit
before giving our approval. None of these
organizations identified any concerns. We
also completed the necessary environmental

assessment of the request. The vast majority
of the material from the demolition will
be recycled, with small amounts of other
material going to an appropriate landfill.

On January 26, 1994, an operator was
assigned the task of placing a standby
pump in service. The particular pump adds
sulphuric acid to adjust the pH of the feed
water. Before placing the pump in service,
the operator inspected the system and
found that all four bolts were missing from
one of the pump flanges. The fact that the
operator took the time to inspect the system
is encouraging and reinforces the value of
a trained, observant operating staff. Ontario
Hydro's investigation did not reveal why
the studs were missing in the first place.
Had the operator started the system up
without inspecting, sulphuric acid would
have leaked out, potentially injuring the
operator or any other nearby workers.
Such a leak would not threaten public
health or the environment.

The maintenance backlog at BHWP was
8,293 hours, down from 9,625 hours at the
end of 1993. As we mentioned earlier, there
was no maintenance backlog on safety or
safety-related systems.

Ontario Hydro had 69 junipers in effect at
BHWP at the end of 1994, up from 66 at
the end of 1993. Ontario Hydro's target for
BHWP jumpers is less than 95.

Ontario Hydro completed 10,653 of the
10,694 preventative maintenance procedures
scheduled for 1994, a completion rate of
99.6 percent.



PLANT MANAGEMENT

We consider that Ontario Hydro staff
managed BHWP well in 1994. We again
received good cooperation from all levels
of management at BHWP. Ontario Hydro
did not change its BHWP management
structure in 1994.

TRAINING

In 1994, Ontario Hydro began a thorough
review of BHWP training. With a qualified,
mature workforce, it has decided to con-
centrate its training efforts on safety and
emergency response. Personnel must
re-qualify monthly to go into operating
areas. Everyone at BHWP must re-qualify
on emergency procedures at least annually.
The shift crews continued to receive
emergency response training, such as first
aid and high level rescue.

EMERGENCY RESPONSE

In 1994, we conducted an in-depth assess-
ment of Ontario Hydro's ability to respond
to emergencies at BHWP. This involved
reviewing Ontario Hydro's plans, interviews
with key personnel, reviewing records and
observing a number of drills. We found that
the BHWP emergency preparedness pro-
gram contains some deficiencies. In particu-
lar, we found that management had little
direct involvement with emergency pre-
paredness. However, the emergency

response crews in the field showed a high
degree of competence and individually
understand their roles for responding to a
BHWP emergency. Ontario Hydro has
advised us it intends to reorganize its shift
emergency response organization in 1995,
subject to our approval. We plan to reassess
BHWP emergency response capability
again in 1995.

For the fourth consecutive year, we com-
mend Ontario Hydro for exceeding its target
for number of shift emergency drills com-
pleted in 1994 at BHWP.

With Enriching Unit #3 shut down and
scheduled for demolition in 1995, Ontario
Hydro formed a team to recommend the
appropriate emergency response organiza-
tion for BHWP. As with most nuclear
facilities, the BHWP emergency response
organization defines the size of the shift
crew. At year-end, this team had not yet
issued its recommendation to BHWP
management. Ontario Hydro requires
AECB approval to change its emergency
response organization.

Ontario Hydro maintains an extensive
inspection program for BHWP emergency
response equipment. As in previous years,
this inspection program found some minor
deficiencies with specific pieces of equip-
ment. Ontario Hydro investigated and cor-
rected these deficiencies promptly.
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SAFETY ANALYSIS

We have partly completed our review of
the updated safety analysis Ontario Hydro
submitted for BHWP in 1993. We still
concur with Ontario Hydro's conclusion
thai BHWP operation is acceptably safe.
We intend to complete our review in 1995.

In 1994, BHWP inspectors completed all
of the scheduled mandatory inspections,
meeting Ontario Hydro's target of 100 per-
cent completion.

Ontario Hydro completed 94 percent of
the scheduled discretionary inspections,
compared with its target of 90 percent.

QUALITY CONTROL

We are satisfied with Ontario Hydro's
quality control performance at BHWP.
Ontario Hydro has a quality control pro-
gram at BHWP based on the appropriate
design codes. It augments this with an
extensive inspection program.

Ontario Hydro has two classes of inspec-
tions at BHWP. Mandatory inspections are
those required by legislation. Discretionary
inspections are those required for good
operating performance.

SAFEGUARDS

At BHWP, Ontario Hydro complied with
all AECB requirements regarding the
transfer of heavy water.

NEXT PAGE(S)
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CONCLUSIONS

We believe Ontario Hydro operated and
maintained Bruce Heavy Water Plant safely
during 1994. In particular, we are pleased
that Ontario Hydro continues to meet or
exceed most of its own performance targets
at BHWP. We expect Ontario Hydro to
continue to monitor and improve BHWP
isolation circuit performance. We also
expect Ontario Hydro to address the
deficiencies we identified regarding
BHWP emergency response capability.
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GLOSSARY

Availability

CANDU

Deuterium Oxide

Heavy Water (D2O)

Hydrogen Sulphide (H2S)

The fraction of time a system or component is able to
do its job.

CANadian Deuterium Uranium reactor. A Canadian designed
nuclear reactor moderated and cooled with deuterium oxide
(heavy water) and fuelled with natural uranium.

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 ordi-
nary water, which has hydrogen and oxygen (the well known
H2O formula), heavy water has deuterium and oxygen.

Deuterium is hydrogen with a neutron in its atomic nucleus.
This neutron makes heavy water about 10 percent heavier
than ordinary water.

CANDU reactors use heavy water as a moderator and
coolant. Heavy water is a prescribed substance and the
AECB regulates its production.

Hydrogen sulphide is a toxic, flammable gas. At low
concentrations, it has a strong odour. But at high concentra-
tions, it deadens the sense of smell and can affect breathing.
When burned, hydrogen sulphide produces sulphur dioxide
and water.

BHWP needs a large amount of hydrogen sulphide to extract
deuterium from lake water. The process does not consume
the hydrogen sulphide, but uses it like a catalyst.
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Jumper

Operating Policies and
Principles (OP&P)

Poisoned

Prescribed Substance

Safety Related System

Safety System

A temporary change to the configuration of the plant.

An Ontario Hydro document, approved by the AECB, that
outlines the safe operating boundaries for the BHWP. The
OP&P also defines when the operating staff may make deci-
sions and when staff must get approval from a higher authority.

Someone overcome by hydrogen sulphide is said to have
been poisoned. Someone poisoned by hydrogen sulphide
may show any or all of the following symptoms: disturbed
breathing; eye irritation; giddiness; or, loss of consciousness
caused by respiratory paralysis.

Any substance that can release atomic energy or is necessary
for producing or using atomic energy. The AECB regulates
all prescribed substances.

Any system used in the daily operation of the plant that
also performs important safety functions.

Any system installed only to ensure the safety of the
plant. Safety systems are not used in the daily operation
of the plant.
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