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1. INTRODUCTION

This report summarizes health and safety, and environmental performance at AECL
during 1992.

AECL comprises two companies: AECL CANDU is based in Mississauga and
Montreal, with offices around the world, and is responsible for the development;
design, marketing and project management of CANDU1 nuclear power projects in
Canada and internationally. AECL Research has its head office in Ottawa, and
laboratories in Chalk River, Ontario, and Piaawa, Manitoba. It supports CANDU
by performing the research, development, demonstration and marketing required to
app/y related sciences and their associated technologies for the maximum benefit of
Canada.

1.1 Performance Summary

Health and Safety Occupational injuries and illness showed a reduction in 1992.
This improvement can be traced to increased safety awareness, as shown by AECL's
employees and management at all levels. Safety training has contributed
significantly to this awareness and is the major ingredient for safety culture
improvement this year.

There were no exposures to ionizing radiation in excess of any regulatory limits
during 1992; neither were there any significant problems relating to occupational
health and safety.

Environment Major efforts to clean up our environment through waste
management and disposal initiatives, along with significant reductions in emissions
from our sites, contributed to a favourable environmental performance.

There were no emissions of radioactive materials from any AECL facility in excess
of any regulatory limits during 1992. In general, emissions were a small percentage
of the allowable limits.

1.2 Background Information

Construction of the Chalk River Laboratories (CRL) was started in 1944. The
original materials, construction and operation of facilities generally met the
engineering standards and practices of that time. More recent facilities at CRL,
and at the Whiteshell Laboratories (WL) in Pinawa, have been built to modern
standards and up-to-date regulations.

Health and safety programs have historically formed a part of all AECL operations,
with radiation protection and industrial safety keeping pace with international
recommendations and ahead of national legislation.

1. CANDU: CANada Deuterium Uranium; registered trademark.
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Environmental issues have played an integral part in this history and more recently
have become of higher priority, as the world looks at these concerns more closely.
AECL has increased its attention over the past two years to environmental
performance and has expressed support for the International Chamber of
Commerce's Business Charter for Sustainable Development, which was launched at
the 1991 World Industry Conference on Environmental Management (WICEM II).

1.3 Research

AECL invests a significant fraction of its operating budget in health, safety and
environment-related research, including work that focuses on the disposal of nuclear
waste.

The company has developed safe methods to securely contain and manage nuclear
waste until it is no longer hazardous. Last year saw the launching of the final
stages of the Federal Environmental Assessment Review process, which will
determine the acceptability of the disposal concept for nuclear fuel.

1.4 Organization and Systems

AECL has a comprehensive internal organization to ensure that its philosophy and
performance in health, safety and environmental (HSE) matters are adequately
specified, reviewed and audited.

In 1990, an in-depth review of the previous organization of AECL, with regard to
the control of HSE aspects of the nuclear industry, was completed, and a report
detailing the recommendations was issued. In 1991, in response to the report,
AECL established two committees independent of the line organization, to review
AECL's activities, faculties, products and services, with respect to health, safety and
protection of the environment. Their chairpersons report directly to the President
and Chief Executive Officer of AECL.

In 1992, the AECL Health, Safety and Environment Manual (AECL HSE Manual)
was issued to 35 locations throughout the organization. The manual is a
comprehensive, current source of documents applicable to AECL's management of
HSE. Its five volumes contain corporate policies, AECL Research and AECL
CANDU procedures, approvals and guidelines, and external-related acts ind
regulations. The manual is designed to facilitate compliance with requirements.

AECL sites have extensive environmental surveillance and safety programs, to
ensure that radioactive emissions and other hazards resulting from operations do not
put AECL employees or the public at significant risk. Effluent and environmental
monitoring programs verify the effectiveness of facility operation and effluent
controls in keeping releases of radioactive material well below regulatory limits, and
assist in the process of continuing performance improvement Radiation protection
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programs ensure the safe handling of radioactive materials and safe work practices
within nuclear facilities. Occupational health and safety programs encompass the
provision and maintenance of a safe and healthy work environment with the
monitoring and consultation of safety specialists in a broad field of safety and
industrial hygiene topics. Major projects to update the radiation protection and
occupational health and safety programs were initiated during 1992. This effort
continues into 1993.

Each AECL site has detailed response plans that describe the immediate actions to
be taken and the duties of various response groups, in the event of an
emergency/accident. Exercises and drills take place periodically to test these plans.

2. OCCUPATIONAL HEALTH AND SAFETY PERFORMANCE

2.1 General

AECL complies with the Canada Labour Code, Part n, by maintaining Safety and
Health committees with representation from management and employee groups. In
addition to regular safety meetings, designated safety specialists and formal safety
inspections are part of AECL's safety culture.

To enhance this safety culture, managers are encouraged to periodically conduct
safety walk-abouts. This gives them the opportunity to observe and correct safety-
related deficiencies in their areas, as well as demonstrate their support for the
company's safety initiatives. New employees receive orientation training in safety.

Significant safety-training programs exist at AECL's sites. Where required, safety
specialists undergo and initiate explicit safety-training courses. One example is the
Workplace Hazardous Materials Information System (WHMIS) course. WHMIS was
implemented in 1988 October to fulfill three legal requirements: the identification of
hazardous substances; the provision of material safety data sheets and labels; and
employee education. WHMIS training teaches employees about the hazards of
controlled products and how to handle them safely.

Because 28 per cent of CRL's occupational injuries, and 33 per cent of WL's,
involve injury to the back, AECL offers the Back Power training program. This
provides employees with an understanding of the importance of back muscle fitness,
and includes an exercise program for improving and maintaining employees' back
fitness. In addition, a new Modified Work Program was established in 1992, to
allow employees to return to work quickly following absences resulting from injuries
or illnesses, on or off the job. This program considers both rehabilitation and
modified work and is designed to assist employees in their convalescence and speed
their return to full personal capacity. It involves the employees' supervisor, the
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affected employees' group representation, the Occupational Health Unit, Employee
Relations, Human Resources, and Radiation and Industrial Safety personnel in
developing the best approach for bringing the employee back to useful and safe
work as soon as possible.

AECL promotes health and wellness in its employees by educating them about drug
and alcohol abuse, the importance of a nutritious diet, and by providing smoking
cessation counselling and health assessment clinics. A 1992 survey of CRL
employees showed that of 1207 respondents, more than half do not smoke and
never have. Fifteen per cent of respondents indicated that they do smoke, but
twelve per cent of all respondents indicated that they would take part in a smoking
cessation program if one were to be offered at CRL. The Medical Services
Branch will take these results into consideration in planning future programs.

CRL and WL each have a Safety Recognition System in place. The CRL program
was started in late 1989, to recognize certain work groups for injury-free
performance. By the end of 1992, 18 of the original 56 groups participating in the
program achieved three years of work without experiencing a disabling lost-time
injury. The Safety Award Program at WL comprises two parts: The No-Loss-
Time Accident Pin program and the No-Loss-Time Accident Milestones Award
program. These programs give employees meaningful incentives to adopt safe
working habits.

2.2 Radiation Exposures

The federal Atomic Energy Control Act and Atomic Energy Control Regulations
govern AECL's operations to protect all employees and the public from the effects
of exposure to ionizing radiation, wherever it is produced or used. Under the
regulations, the Atomic Energy Control Board (AECB) grants operating licences
once certain conditions are met. Specific limits for occupational exposure are
dictated for Atomic Radiation Workers (ARWs)2 by the regulations.

AECL has developed a comprehensive set of operating rules and requirements
based upon the regulations. The requirements place additional constraints on
occupational exposures, to take into account current international recommendations
in radiation protection.

Several technical terms describe the different interactions of various forms of
radiation with body tissues. Dose is an estimation of the amount of energy
absorbed from ionizing radiation by the body tissues from sources outside the body
(external doses) or from inside the body (internal doses). Values of dose may be
adjusted to reflect the relative biological effectiveness of different types of radiation

Atomic Radiation Worker (ARW) is an AECB designation for an employee who in the course
of his or her work could receive a dose of ionizing radiation greater than the public dose limit
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(equivalent dose), and the relative sensitivities of different tissues and organs
(effective dose).

External closes are usually estimated from radiation dosimeters worn by all
employees and visitors at the laboratory sites. Normal environmental background
and cosmic radiation are subtracted, to obtain an individual's occupational dose.

Internal doses are, when appropriate, estimated from bioassay samples submitted
periodically by potentially exposed employees. A committed effective internal dose
is calculated and represents what an individual is expected to receive over a 50-year
period following an intake of radioactive material.

Whole-body dose is the sum of all doses for external exposures added to the
committed effective dose for internal exposures. In AECL's statistics, this essentially
consists of only the gamma plus tritium plus neutron doses for exposed employees,
since the doses from other internal sources are very small.

Analysis and evaluation of these dose estimates assists in the management of
exposures for all monitored individuals, whether employees or visitors. A variety of
methods and monitoring equipment are used to measure the doses. Individuals
receiving a dose of 0.2 mSv or more within a two-week monitoring period are
issued a notice of their exposures.

A comparison of the doses AECL employees receive with the limits specified in the
Atomic Energy Control Regulations demonstrates that AECL controls doses to well
below the applicable regulatory limits.3 CRL and WL operated in 1992 in
compliance with all the dose limits set out in the Atomic Energy Control
Regulations.

Key performance indicators, as shown in Figures 1, 2 and 3 are:

a) Maximum individual whole-body dose as a percent of the Atomic Energy
Control Regulatory limit (currently 50 mSv/a).

b) Collective dose, determined by summing all doses for all individuals in
the group of interest during the year, is an indication of the total
amount of exposure for each site. Its units are in person-sieverts.

c) Average whole-body dose as a percent of the Atomic Energy Control
Regulatory limit (currently 50 mSv/a). This indicates how much the
average dose (determined by dividing the total sum of all whole-body

3. The Atomic Energy Control Regulations specify ARW dose limits for exposures to the whole
body (SO mSv/a), to the skin of the body (300 mSv/a), to the extremities (750 mSv/a), and to
other single organs (ISO mSv/a). Other dose limits also apply. The dose limits for exposures
to members of the general public specified by the Atomic Energy Control Regulations are, in
general, a factor of ten less than those for an ARW.
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MAXIMUM IND'V'DUAL WHOLE-BODY DOSE

doses for the year for the group of interest by the total number in that
group) compares to the regulatory limit.

During 1992, no AECL employee received a
whole-body, skin or extremity dose equivalent
in excess of any of the quarterly or annual
dose limits for ARWs. Only 6.7 per cent of
all ARWs at CRL and WL received a
whole-body dose in excess of the dose limit
for a member of the general public (i.e., 5
mSv).
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Maximum individual whole-body doses, shown
in Figure 1 for the past five years for all
AECL locations, have never exceeded
regulatory limits (50 mSv). In fact, doses
have been constrained below self-imposed
targets of 40 mSv in 1991 and 30 mSv in
1992, in response to the International
Commission on Radiological Protection
(ICR?) recommendations and anticipated
regulatory changes in the limits for workers
and members of the public.

The decrease in the collective dose
equivalent and the average whole-body dose
during 1992 for CRL, shown in Figures 2
and 3, is largely due4 to a return to normal
reactor operations. Major repairs to the
National Research Universal (NRU) reactor,
completed in the previous year, allowed it
to be returned to service, with less necessity
to run the older National Research
Experimental (NRX) reactor in 1992.

The category "CANDU" that is indicated in
Figures 2 and 3 includes those sites
primarily serviced and managed by AECL
CANDU (see section 3.1.4, page 10, for a
description of those sites).
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4. This decrease is also partially due to the fact that, after the repairs to the NRU reactor, the
reactor was filled with substitute heavy water having a lower specific activity of tritium than
that of the heavy water previously in use. Consequently, the observed tritium collective dose
component of the whole-body dose was reduced
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2.3 Occupational Injuries and Dlnesses

As with radiation exposure, technical terms (requiring some explanation) are used
by industry to indicate performance trends with occupational injuries and illnesses.

The "frequency" of Disabling Lost-Time Injury (DLTI) is an indication of the
average number of lost-time accidents or occupational illnesses that occurred per
one hundred employees. Frequency is defined as the total number of incidents
involving lost work days per 200 000 person-hours5 of occupational work.

The "severity" of DLTI is an indication
per one hundred employees as a result
Severity is defined as the total
number of lost work days per
200 000 person-hours of occupational
work.

Figures 4 and 5 compare the
frequency and severity of
occupational injuries and illnesses for
AECL with the average for all
industries that reported to the U.S.
National Safety Council (NSC) over
the past five years.

Comparison with specific industries is
difficult, because of the varied nature
of the work performed by AECL's
subsidiary companies.

AECL's record is seen as improving
relative to the average for all
industries reporting to the NSC.

of the number of lost work days incurred
of the above incidents.

FREQUENCY OF INJURIES
compared to the US National Safety Council average.

0 —
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SEVERITY OF INJURIES
compared to the US National Safety Council average.
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3. ENVIRONMENTAL PERFORMANCE

3.1 Waste Management Activities

3.1.1 General

AECL generates a variety of radioactive and non-radioactive wastes in the
course of operating its sites and facilities. In addition, AECL provides a
national service by receiving radioactive wastes from numerous Canadian
universities, medical institutions and industries. AECL operates radioactive waste
management facilities in accordance with licences issued by the AECB.

5. 200 000 person hours is the approximate number of hours 100 employees work in a year.
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Radioactive waste is segregated and managed using a variety of techniques,
depending on the type and level of radioactivity and the physical nature of the
waste. Solid wastes are placeJ in storage facilities pending the development and
licensing of permanent Canadian waste disposal facilities. Radioactive liquid
wastes are managed by storage in tanks, treatment and solidification, or
controlled, monitored discharge of very low level wastes. Monitoring and
surveillance programs are in place to verify the safe operation of these storage
facilities. AECL's non-radioactive wastes are either managed on-site or are
shipped off-site to appropriately licensed waste management facilities.

As part of its efforts to develop facilities in Canada for the permanent disposal
of radioactive wastes, in 1992 AECL completed a detailed design, safety and
environmental assessment for an Intrusion Resistant Underground Structure
(IRUS) at CRL, and submitted an application to the AECB for construction
approval. IRUS is designed for the permanent disposal of low-level radioactive
wastes that have a hazardous lifetime of up to 500 years. When approved,
IRUS will be the first facility in Canada licensed for the permanent disposal of
radioactive waste.

Also in 1992, AECL continued its efforts for approval of the concept for
permanent deep geological disposal of Canada's nuclear fuel waste through the
federal Environmental Assessment and Review Process (EARP). In 1992 April,
the Environmental Assessment Panel, appointed under EARP to assess the
proposed concept, issued final guidelines for preparation, by AECL, of an
Environmental Impact Statement. AECL continues to work on the preparation
of the statement.

3.1.2 CRL Radioactive Waste Management

Solid Waste Management

During 1992, the Waste Management Areas at the CRL site accepted a total of
about 1850 m3 of low-level solid waste for emplacement in the low-level landfill
facility, and a further 570 m3 of higher-level waste for placement in engineered
storage facilities. Wastes generated within the site accounted for approximately
46% and 64% of these totals, respectively.

A total of 875 m3 of uncompacted solid waste was processed at the Waste
Treatment Centre in 1992, for volume reduction prior to transfer to the Waste
Management Areas. A volume reduction factor of 7:1 was achieved on this
waste.

During 1992, construction began on a Waste Reception Centre to facilitate
improvements in procedures for reception, registration and inspection of wastes
prior to emplacement.
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Application was made to the AECB for approval for an extension to the low-
level waste landfill site in late 1992, due to space limitations.

Liquid Waste Management

During 1992, a total of 2330 m3 of very low level wastewater was discharged in
liquid effluent streams from the CRL site into the Ottawa River, after
monitoring. Of this total, 1670 m3 was discharged from the Waste Treatment
Centre following treatment by microfiltration and reverse osmosis to remove
contaminants for solidification in bitumen.

During 1992, a total of 22 500 m3 of low-level wastewater from the reactor
buildings, contaminated primarily with tritium, was discharged to an engineered
in-ground dispersal pit in the Waste Management Areas. Another 1100 m3 of
low-level wastewater of higher ionic and radioactive (other than tritium) content
from various buildings and laboratories was discharged to a second dispersal pit
during 1992. No further discharges to this second dispersal pit occurred after
1992 September, with 100% of this waste stream being processed at the Waste
Treatment Centre, leaving the pit available only as an emergency back-up.
Work continues on the development, within the Waste Treatment Centre, of
additional system improvements, to permit treatment of additional waste streams.

A variety of radioactive liquid wastes, ranging from low to high level, which are
not suitable for treatment in existing waste treatment facilities because of
chemical or radioactive content, remain stored in tanks.

A stored liquid waste project was initiated in 1992 to develop an overall
technical strategy for the treatment and disposal of these wastes. Most of the
effort was directed towards waste sampling and characterization during 1992.

A significant reduction in the use of chemically hazardous organic-based
scintillation liquids for radiochemical analysis of water and urine samples has
been achieved through conversion to biodegradable scintillation liquids. AECL
has conducted detailed analytical performance studies of these biodegradable
products to assist AECL's customers to take similar steps.

3.1.3 WL Radioactive Waste Management

Low-level and medium-level solid radioactive wastes, small volumes of high-level
liquid, and hazardous industrial chemicals are safely stored in the WL site's
Waste Management Area.

During 1992, a total of 491 m3 of low-level solid wastes, and 9 m3 of medium-
level solid wastes, were placed in storage in the Waste Management Area in
various above-ground facilities. Of this total, 37 m3 consisted of baled waste
compacted from an original volume of 325 m3.



- 10 -

During 1992, a total of 3090 m3 of low-level wastewater was collected at a
treatment centre and discharged as liquid effluent to the Winnipeg River
following monitoring. The medium-level waste system at the centre processed 20
m3 of medium-level liquid waste by evaporation during the year, and immobilized
a total of 630 L of concentrated wastes in polyester resin.

3.1.4 Radioactive Waste Management at Other AECL Locations

AECL CANDU is involved in decommissioning at a number of managed sites.

Radioactive waste resulting from AECL's decommissioning activities at the
Gentilly-1 Nuclear Power Station (located on the Hydro-Quebec site at
Becancour), and the Douglas Point Nuclear Power Plant (located on Ontario
Hydro's Bruce Nuclear Power Development site), are stored at their respective
sites. Radioactive waste from decommissioning operations at the Tunney's
Pasture building in Ottawa (the original isotope production facilities of the
Radiochemical Company, now Nordion) and the Nuclear Power Demonstration
Plant (NPD) at Rolphton on the Ottawa River, were shipped to the CRL Waste
Management Areas for storage.

Other AECL locations, which include the head offices in Ottawa, the offices and
laboratories of AECL CANDU at Sheridan Park (Mississauga) and their offices
in Montreal, have no radioactive wastes.

3.1.5 Non-radioactive Waste Management

A total of 1800 kg (solids) and 8020 L (liquids) of non-radioactive hazardous
chemical and liquid industrial wastes were shipped from CRL to licensed
disposal facilities, in conformance with regulations of the Ontario Ministry of the
Environment, with whom AECL is voluntarily registered as a generator of non-
radioactive hazardous wastes. A further 20 m3 of non-radioactive oils and
solvents were shipped off-site for recycling in 1992.

During 1992, AECL voluntarily registered its WL site with the Manitoba
Department of the Environment as a generator of non-radioactive hazardous
wastes. Development of an improved program for collection and segregation of
these types of wastes for eventual off-site disposal was begun.

Cooperative efforts between WL and the Manitoba Waste Exchange resulted in
900 kg of boric acid being diverted from hazardous waste disposal for reuse by
other organizations.

At CRL, approximately 6700 m3 of non-hazardous solid waste were disposed of
in the landfill on the site in 1992. A program was initiated at this landfill site
to improve current operating practices and conduct remedial action to improve
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the condition of previously disposed waste. In conjunction with these
improvements, a program for segregating and diverting potentially recyclable or
reusable materials, such as tires, metals, scrap lumber, rock and concrete from
landfill disposal, was initiated.

At WL, non-hazardous solid wastes are disposed of in either a landfill on site
or in the Pinawa municipal landfill. An estimated total of 265 tonnes of solid
wastes were disposed of in 1992.

Wastepaper recycling programs at CRL and WL continued to operate in 1992,
diverting 29 and 12 tonnes of paper from their respective landfill sites.
In addition, about 6.5 tonnes of cardboard packaging were recycled at the CRL
site. Programs for recycling various other materials, such as toner cartridges for
laser printers, were also implemented in 1992.

Blue Box recycling programs are in place at other AECL sites, as welL

3.2 Environmental Emissions

3.2.1 General

AECL undertakes to continually improve its environmental performance;
however, some contaminant emissions are unavoidable in the operation of
nuclear and non-nuclear facilities, laboratories and workshops, particularly the
older facUities located at CRL. To protect the environment and the health of
our employees and neighbours, AECL controls and monitors airborne and liquid
effluents to ensure there is no significant hazard.

Emissions of radioactive contaminants to the environment from AECL facilities
and sites are regulated to ensure compliance with Derived Release Limits
(DRLs).6 AECL strives to maintain emissions well below the DRLs, and as low
as reasonably achievable.

Airborne and liquid effluents from AECL facilities and sites are monitored to
verify that emissions are being adequately controlled. Where appropriate,
additional monitoring of the environment is conducted, to confirm the results of
the effluent monitoring.

Detailed results of radiological effluent and environmental monitoring programs
at AECL nuclear sites are reported to the AECB.

DRLs are derived from the annual radiation dose limits for members of the public specified
in the Atomic Energy Control Regulations, by means of analytical models of all significant
environmental pathways leading to dose to members in the potentially most exposed group
(the critical group). As such, DRLs represent the upper legally allowable unit for emissions
from a facility or site.
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There were no emissions from any AECL facility in exr;ss of the DRLs during 1992.

3.2.2 CRL Radioactive Emissions

5.0

4.0

CRL - RADIOACTIVE AIR EMISSIONS
% DRL (Site Boundary)
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Total airborne radioactive emissions
from CRL facilities during 1992 and
the previous four years are shown in
Figure 6. Results are shown as the
sum of all monitored effluents and
radionuclides, expressed as a percent of
the applicable DRL for a member of
the critical group located outside the
site boundary.

As shown, the dominant radionuclides
are argon-41, produced by neutron
activation of air within the structure of
the research reactors, and tritium
created by irradiation of heavy water in
the reactors.

The 1992 total represented 0.8% of the DRL, a significant reduction in
emissions in comparison to previous years, as a result of minimal operation of
the NRX reactor, improved control of air ingress into the NRU leactor
structure, and replacement of the heavy water in the NRU reactor with heavy
water containing lower levels of tritium.
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Figure 6. E Argon-41 • Tritium • Other
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Figure 7 shows the annual average
radiation dose in air in excess of
natural background at eight monitoring
stations located around the site
boundary, expressed as a percent of the
annual dose limit for members of the
public.

These data confirm that doses due to
emissions of argon-41 are well below
regulatory limits. They also confirm
the reduced emissions in 1992.

During 1992 September, the AECB conducted a health physics appraisal of the
CRL site's air effluent monitoring program. No major shortcomings in the actual
monitoring program were identified, although the appraisal identified several
potential improvements, primarily in the areas of program documentation and
quality assurance. Actions are underway to address these areas.

n

1992

^Average of 8 Boundary Stations
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Total liquid radioactive emissions from CRL
in 1992 and the previous four years are
shown in Figure 8, expressed as a summed
percent of applicable DRL. The 1992 total
was 0.1% of DRL, a significant reduction
compared with 1991 and less than previous
years, as a result of the reduction in the
operation of the NRX reactor.

Figures 9 and 10 show annual average
concentrations of significant radionuclides
(tritium and cesium-137) in the Ottawa River
water at three routine monitoring locations:
Rolphton, representing normal background,
located upstream of both CRL and the
partially decommissioned NPD facility (see
section 3.2.4); Deep River, located
downstream of NPD but upstream of CRL;
and Pembroke, located downstream of CRL.

Data are expressed as a percent of Health
and Welfare Canada's Maximum Acceptable
Concentrations (MAC) in drinking water for
these radionuclides. CRL's contribution to
downstream concentrations of these
radionuclides, while noticeable, is small in
comparison to the MACs.

3.2.3 WL Radioactive Emissions

CRL - RADIONUCLIDES IN UQUID EFFLUENTS

* on r\ TRITIUM IN THE OTTAWA RIVER
K t t f MAC (Drafting Water)

• Roktton (Upsteam of NPD)

•B Pembroke (Downstream)

• Deep Rtver (Upstream of CRl)
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Figure 10.
• Rokrton (Upstream of NPD)

• Pembroke (Downstream)

I Deep River (Upstream of CRLI

The total airborne radioactive emissions from
WL during 1992 and the previous four years
are shown in Figure 11. As with CRL,
emissions in 1992 were generally similar to
those in previous years, and remain a very
small percentage in comparison to DRLs.

Total 1992 liquid effluents and those for the
four previous years are shown in Figure 12, as
the sum of the percentage of respective DRLs
for all monitored radionuclides and effluents.
Releases in 1992 at 0.08% of DRL were
marginally greater than in the previous four
years. Cesium-137 is the dominant radionuclide
in these emissions. While these emissions are
small compared to the DRLs, possible options

WL - RADIOACTIVE AIR EMISSIONS
% DRL (Site Bomlary)

WL - RADIONUCLIDES IN UQUID EFFLUENTS
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for further reduction of emissions by way of the Active Liquid Waste Treatment
Centre are being examined.

{CESIUM 137 IN THE WINNIPEG RIVER j
% of MAC (Onnxing Water)

0 020

1991 1992

a Pinawa (Upstream)

M Lac du Bonne! (Downstream)

• Great Falls Dam (Downstream)

Annual average concentrations of cesium-137
in the Winnipeg River upstream of WL at
Pinawa and downstream at Lac du Bonnet
and further downstream at Great Falls,
during each of the past five years, are
shown in Figure 13, expressed as a
percentage of the MAC in drinking water.
While some effect of operations may be
noticeable in comparison to background, the ji Figure 13.
concentrations are very small in comparison ;' •
to the MAC.

3.2.4 Radioactive Emissions from Other AECL Locations

The Gentilly-1 Nuclear Power Station is in the "secure storage with remote
surveillance" (IAEA Stage II) mode. The station has no airborne releases.
Approximately 0.21 MBq of gross beta activity contained in 4.5 m3 of water was
released to the St. Lawrence River during 1992. This represents only 1.2 x 10"*% of
the applicable DRL. The spent-fuel storage canisters were monitored throughout the
year, and no faults or abnormalities were detected.

The Douglas Point Nuclear Power Plant is also in the IAEA Stage II mode. About
3.35 TBq of tritium and 4.37 MBq of particulate activity were released to the
atmosphere during 1992. These represent only 2 x 10'5% and 5 x 10^% of the
respective DRLs for the site. There were no liquid effluent releases to Lake Huron
during 1992. The canister fuel storage area was monitored once per quarter during
1992, and inspections indicated that the canister pads and canisters are in excellent
condition.

NPD is in an interim storage called "static state". The static state is a variant of the
long-term "storage with surveillance option" (a stage in decommissioning, defined by
the IAEA in Technical Report Series 230, 1983). During 1992, the plant's ventilation
system operated for short periods when personnel entered the facility. Approximately
0.74 TBq of tritium and less than 130 kBq of particulate activity were released to the
atmosphere during 1992. These represent only 2 x 10'2% and 4 x 10'5% of the
respective DRLs for the site. During 1992, about 1 GBq of tritium and 11.2 MBq of
gross beta and gamma activity were released to the Ottawa River. These represent
only 6 x 10'2% and 1 x 10'3% of the respective DRLs for effluents from the site.
The results of monitoring in the Ottawa River are shown in Figures 9 and 10
compared to Health and Welfare Canada's MACs.

The AECL CANDU locations in Mississauga and Montreal have no detectable
accumulation or emission of radioactive material.



- 15 -

3.2.5 Non-radioactive Emissions

During 1992, AECL continued its voluntary cooperation with the Ontario Ministry
of the Environment and Energy's (MOEE) Municipal Industrial Strategy for
Abatement (MISA) program for monitoring and control of chemical pollutants in
liquid effluents discharging to Ontario waterways. Monitoring of liquid effluents
from the CRL and NPD sites for chemical contaminants continued through 1992;
they were studied in cooperation with MOEE, to determine areas for improvement
and establish effluent limits.

The commissioning, in late 1991, of the reverse osmosis stages of the Waste
Treatment Centre at CRL significantly improved the quality of this effluent stream.
For example, during the period 1990-1991, the aluminum concentration averaged
6.2 mg/L; during 1992, when the reverse osmosis units were operational, the
aluminum concentration of the stream averaged about 0.4 mg/L, a reduction of
about 93%. Similar reductions were seen in most of the parameters monitored.

During 1992, effluent from the CRL Sewage Treatment Plant, which consists of
primary clarifier and chlorination stages, frequently exceeded the federal effluent
quality guidelines recommended by Environment Canada, most notably in the cases
of pH and suspended solids. Various design and operational modifications
intended to improve control and performance of the system were installed in 1992,
but had not achieved the improvement targets by the end of the year. This is
currently under review and AECL is continuing efforts to improve the system
performance, and monitoring the results.

Liquid effluent from the CRL Power House periodically exceeded federal effluent
quality guidelines in 1992, principally as a result of blowdown from the industrial
steam heating boilers. A design study is underway to examine treatment options
for this effluent stream.

At WL, domestic sewage is treated in a two-stage sewage lagoon system. The
second stage of the lagoon is discharged twice a year and meets federal effluent
quality guidelines.

AECL operates the Underground Research Laboratory (URL) near WL to develop
the concept of deep geological disposal of high-level waste. During 1992,
discharges to the Lee River of groundwater that collects in the experimental mine
shaft were within the concentration limits established by Environment Canada and
the Manitoba Department of Environment for all chemical parameters, with the
exception of naturally occurring uranium, which had begun to exceed the limit A
filtration system (the "EXPUURT system, previously developed by AECL for the
removal of natural uranium from domestic wellwater) was installed to treat the
effluent before discharge.
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The main non-radioactive emissions in air effluents from CRL and WL are
combustion products that result from the burning of oil in industrial boilers to
produce steals or hot water for building heating and various process uses. The
installation of an electric boiler at WL early in 1992 reduced oil consumption for
the year by about 2.8 million litres, reducing NOX and SOX emissions by an
estimated 5.5 and 2.1 tonnes, respectively. At CRL, the recovery of waste heat
from the NRU reactor effluent cooling water for low-grade heating purposes
throughout the site displaced about 0.34 million litres in oil consumption during
1992, for an estimated reduction in NOX and SOX emissions of 2.2 and 13.5 tonnes,
respectively.

Equipment and procedures for the recovery of chlorofluorocarbons (CFCs) during
maintenance of air conditioning systems were put in place at CRL, and orders were
placed for similar equipment at WL during 1992. At WL, this will reduce the
usage of refrigerants by an estimated 175 pounds over two years. At CRL, a
feasibility study was initiated to replace chillers in several buildings, containing a
total of 2300 kg of CFCs, with units using hydrogenated chlorofluorocarbons
(HCFCs), having an ozone depleting potential (ODP) that is a factor of 20 lower.

At CRL, the use of Freon TF (ODP = 0.8) as a cleaning solvent was discontinued
in 1992; it was replaced by Axarel 6100 (ODP = zero).

A major use of CFC and HCFC refrigerants at CRL is as thermalhydraulic
modeling fluids in large engineering test loops. In 1991, a program was initiated to
replace CFC-12 in the loops with HCFC-22, and to reduce emissions. As of 1992,
the cumulative effect of these efforts has been a total effective reduction in ODP
of two orders of magnitude. Further improvements are expected during 1993.

4. OTHER ENVIRONMENTAL INITIATIVES

4.1 Energy Savings

As an example of energy savings, AECL installed a custodian control system, for
turning off lights after work, at its CANDU offices in Mississauga. Through this
initiative AECL managed to reduce electricity consumption by over 800 000 kw.h. at
this one location.

4.2 Managing Historic Waste

The Low-Level Radioactive Waste Management Office (LLRWMO) was established
in 1982 to carry out the responsibilities of the federal government for low-level
radioactive waste (LLRW) management in Canada. Its mandate is to resolve
historic waste problems that are a federal responsibility, to establish, as required, a
user-pay service for the disposal of LLRW produced on an ongoing basis, and to
address general public information needs about LLRW. It is operated by AECL
through a cost-recovery agreement with Energy, Mines and Resources Canada.
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During 1992, the LLRWMO carried out remedial work involving historic wastes in
Fort McMurray (Alberta), Port Hope (Ontario), and Surrey (B.C.). Extensive
planning of a remedial program also took place in Scarborough (Ontario). Work
started in 1990 to review LLRW produced on an "ongoing" basis in Canada;
disposal requirements and options for meeting these requirements continued into
1992. The production of information materials continues as a high priority.

4.3 Decommissioning Nuclear Facilities

A program to decommission a number of old, shutdown faculties owned by AECL
at various sites throughout Canada continued during 1992 under the direction of a
decommissioning team.

During 1992, the shutdown and partially decommissioned Douglas Point (Tiverton,
Ontario), NPD (Rolphton, Ontario) and G-l (Gentilly, Quebec) CANDU reactors
remained in Storage with Surveillance (SWS) mode, with minimum decommissioning
taking place. They are each maintained in accordance with Waste Management
Facility Licences, issued by the AECB.

Decommissioning activities continued on the former WR-1 reactor at WL. It is
approaching SWS mode, but cannot achieve it until the remaining fuel has been
removed from the reactor building. Completion is anticipated in 1994.

Decommissioning of the former isotope production facility at Tunney's Pasture
(Ottawa, Ontario) neared completion in 1992, and is expected to be completed in
1993.

At CRL, a detailed assessment of radiological and industrial hazards started on
historical chemical operating facilities in preparation for future decommissioning
activities.

4.4 AECL Site Remediation

The environment remediation program for CRL and WL. sites, started in 1991,
continued in 1992. During 1992, an analysis of remediation and decommissioning
needs for the various historic and operational waste management facilities at CRL
was completed, and the development of a strategic plan was begun. In addition, a
comprehensive review of decommissioning requirements at CRL and WL was made.
The analysis included many issues of environmental remediation, where these could
be seen as components of the decommissioning task. Two alternative ten-year
programs were developed for consideration, but they await funding decisions.

Work proceeded on several remedial action projects on the CRL site during 1992.
A pilot facility continued operation, as an interim remediation measure, for the
collection and treatment of radioactive contaminated (primarily stronn'um-90)
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groundwater from a plume associated with some historic waste practices in CRL
Waste Management Areas. This facility has demonstrated its ability to effectively
treat contaminated groundwater, and work began on a design to upgrade the system
to provide continuous treatment.

A pilot-scale system to reduce the concentrations of radioactive contaminants from
the reactor drain waste stream, which currently discharges to an engineered dispersal
pit in the CRL Waste Management Areas, was developed and demonstrated. This
technology will be considered along with other options for treatment of this waste
stream.

Operating procedures at the CRL Inactive Sanitary Landfill were revised in 1992, to
bring current practices in line with Environment Canada Guidelines. Design was
completed and work began on reconfiguration and remediation of the past practices
at the landfill site, and is expected to be completed in 1993.

5. EMERGENCY PREPAREDNESS

5.1 Emergency Exercises

In 1992 October, after months of planning, two emergency drills and an emergency
exercise took place in the emergency planning Primary Zone surrounding the CRL
site to test the Chalk River Municipal Nuclear Emergency Plan. The goal (through
interactive opportunities) was to familiarize personnel, municipal staff and volunteers
with operational units defined by this plan. To prepare for the exercise, AECL
hosted a workshop for emergency workers, to make them familiar with the
particular aspects of nuclear emergency response, and three public information
meetings to provide an opportunity for consultation with interested people in
neighbouring communities. Two training sessions were held to teach participants
about the operation of exposure control centres and the operation of monitoring
and decontamination centres.

From this exercise, AECL learned about the need for strict control of exercise
communications, the limitations of the facilities available and the value of detailed
planning, training of personnel and testing of procedures.

Building emergency stay-in exercises were conducted in 1992 November at WL.
Emergency checklists, developed previously by Zone Stewards at training sessions for
their respective zones, were tested during these exercises.

Emergency measures were observed by over 2000 visitors during an open house at
Gentilly 1. AECL participated in this event by demonstrating the safety aspects of
the facility and assisting in tke radiological monitoring of the visitors.
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