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ith few exceptions, if you
want to acquire, use, or get
rid of radioactive materials
in Canada, by law you must

be licensed and your operations will be
regulated and inspected.

This applies as much to a hospital using
radioisotopes in diagnosis or cancer treat-
ment, forexample. as it does to a uranium
mine or refinery, or a nuclear power
station.

It applies as much when you stop
(decommission) an operation as when
you start it. And it applies as much to
storing or disposing of wastes as it does
to producing or buying nuclear materials
in the first place.

In short, it's a system of control, first
established by Parliament in 1946 and
entrusted since then to the Atomic
Energy Control Board (AECB), based
in Ottawa.

The AECB's mission is to ensure that
the use of nuclear energy in Canada does
not pose an undue risk to health, safety,
security and the environment.

To achieve this, the Board administers
several thousand licences for various
uses of radioisotopes in medicine, re-
search, and industrial applications. It
also licenses and regulates nuclear power
reactors, nuclear research reactors, par-
ticle accelerators, uranium mines and
mills, uranium refineries, nuclear fuel-

! fabrication plants, heavy water plants
and radioactive waste management fa-
cilities.

It specifies the type of container that ;
must be used by anyone shipping radio- .
active materials, and controls the use, :
sale and possession (including import
and export) of all substances that can be ;
used to produce nuclear energy.

The AECB does not promote the nuclear
industry. Nor does it operale reactors,
practise nuclear medicine, orergage in

I any form of commercial ordevf lopmen-
tal nuclear-related activity. [

The Board is purely and simply a federal
control agency, answerable to Parlia-
ment. It exercises control through a
regulatory system that establishes the

health, safety, security and environ-
mental standards for uses of nuclear
energy — including waste facilities —
and licenses only those activities that
can meet and maintain those standards.

With nuclearfacilities the principal dan-
ger is radiation — more precisely, ion-
izing radiation, the kind that can damage
human tissue, sometimes causing

: cancer and possibly genetic effects. In
everything it does — licensing, inspec-
tion, enforcement — the Board operates
from the premise that the use of radioac-
tive substances is potentially hazardous
and therefore needs to be controlled.

Licensee is Responsible

The AECB's approach to controlling
radiation exposure from nuclear opera-
tions (whether a power reactor, a hospi-
tal lab, or a waste disposal site) is to hold
licensees accountable for ensuring that
everything that can reasonably be done
will be done so thai all radiation doses
will be as low as reasonably achievable.

The Board puts this principle into prac-
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lice by writing health-protection condi-
tions into every licence it issues. The
"from line" form of protection is an
annual radiation dose limit for people
who work in the nuclear industry and
whose exposure is constantly monitored.
That limit is set at a level low enough
that acute injury cannot occur and long-
term health effects, if any. will on aver-
age be within the range of job-related
risks in other relatively safe industries.

For the general public, there is an even
larger margin of safety: the public limit
for radiation exposure from nuclear fa-
cilities is set at one-tenth the limit for
those who work in the industry.

The worker and public dose limits are
legal requirements — they are set down
in the regulations made under the, •\tomic

Control Act.

The Organization

The "Board" consists of five people
chosen by the Government for their sci-
entific knowledge and experience. One
is the full-time President. The others
serve part-time, and meet with the Presi-
dent about eight times a year to make
licensing decisions and to discuss basic j
policy and management issues (as might j
a private company's directors: in fact
the AKCB is structured as a federal
Crown corporation).

In the operational sense the AF-CB is run
by the President as chief executive offi-
cer, with a staff of some 270 people (sd- :
enlists, engineers, technicians and ad-
ministrative staff). The AI;CB spends
about $25 million a year on its regula- ;

lory and other activities, which it organ-
izes this way:

• Reactor Regulation covers nuclear
power reactors, research reactors, par-

| title accelerators, and the facilities of
Atomic Hnergy of Canada Limited
(AHCl.h the federal Crown corporation

1 charged with nuclear research and
development, engineering, design and
marketing.

• l;uel Cycle and Materials Regulation is
responsible for regulating uranium mines
and mills, refineries, fuel plants, heavy
water plants, waste-management sites,
the use ol radioisotopes. and transporta-
tion of nuclear materials: it also man-
ages the Board's own laboratories, runs
the compliance inspection service, and
oversees the domestic and international
nuclear materials safeguards programs.

• Research and Radiation Protection
manages an annual $3 million program
of contractual research to support the
regulatory activity, assesses radiation
hazards and radiation-protection pro-
grams, and develops standards and guide-
lines for all radiation protection aspects
of the AliCB's regulatory activities.

• Planning and Administration provides
corporate management and administra-
tive services in the areas of human re-
sources, finance and information man-
agement (records and computers).

• President's Office and Secretariat ful-
fills the executive management func-
tion, supports the work of the five-
member Board and two independent
atlv isory committees (nuclear safety, and
radiological protection.) and conducts
the public information program.

The AliCB's "clients" are nuclear in-
dustry workers and members of the
public, for whom it works in the inter-
ests of health, safely, security and envi-
ronmental protection. In fulfilling its
role, the Board appreciates helpful
comment on issues it deals with, anil
welcomes opportunities to provide in-
formation in response to enquiries.

Further information:
For further information on this topic or any aspect of the regulation of nuclear energy in
Canada, please write, call or drop in to the Atomic Fncrgy Control Board. Office of Public
Information. 270 Albert Street, Second Floor. P. O. Box 1046. Ottawa. Ontario KIP 5S9.
Telephone (hi3) W5-5XV4

(Collect calls may be accepted provided the caller's telephone number is identified.) INH)-()322
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he following are definitions
of terms commonly used in
discussions of nuclear issues.

ALARA principle: As Low As Rea-
sonably Achievable. The principle of ra-
diation protection that even where legal
limits are in effect, radiation doses should
be as low as possible, taking into consid-
eration economic and social factors.
atom: the smallest unit of an element
that still retains the chemical characteris-
tics of the element. An atom resembles a
miniature solar system with electrons re-
volving around a nucleus consisting of
neutrons and protons.
backfill: material put in place to fill in
voids between containers or on top of ra-
dioactive wastes to curtail the migration
of radionuclides from a waste storage
facility.

becquerel (Bq): international unit of
measure for the rate of decay of a radio-
active material. Has replaced the curie
(Ci) as the standard for measurement.
One Bq corresponds to the decay of one
atom per second. When used in connec-
tion with material contaminated bv a

radioactive substance, may be used in
conjunction with units for volume or
mass. e.g. Bq/1 — becquerels per litre,
and Bq/kg — becquerels per kilogram.
berni: a mound or accumulation of earth
placed around a waste facility to contain
the waste material, to reduce water seep-
age from the site, and to provide a visible
barrier.
buffer: protective zone or area around a
nuclear facility, including a waste site, in
which habitation is prohibited and public
activities may be restricted.
decommission: the process of safely
closing a nuclear facility or area and
decontaminating it. ideally so the loca-
tion may be used for other purposes. De-
commissioning is a planned stage in the
life of a nuclear facility.
disposal: disposal in the absolute sense
is the permanent and secure containment
of radioactive wastes, with no intention
to retrieve them. Some wastes are safely
disposed of either by controlled discharge
to the environment as gaseous or liquid
effluents or. in the case of small quanti-
ties of lightly contaminated material, by
treatment as conventional wastes with no

requirement for special radiological pre-
cautions.
dry storage: storage of spent nuclear
fuel in specially constructed above-
ground containers.
electron: negatively charged particle of
an atom revolving around the nucleus.
engineered storage: storage of radioac-
tive wastes within suitable, sealed con-
tainers, in any of a variety of structures
designed to protect them from the envi-
ronment and to prevent leakage of radio-
active material.
fission: splitting of atoms with the
release of energy. This is the process
used in nuclear reactors to produce heat
and eventually electricity.
geological disposal: refers to a proposed
method of radioactive waste disposal
ut i I i/ing underground, mined caverns for
placement of the material. This method,
also referred to as "'deep rock disposal",
is currently being studied for use in
Canada and elsewhere for disposal of
nuclear fuel waste.
half-lire: the time it takes for half the at-
oms in a given radioisotope to decay or.
put another way. the time it takes for a
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quantity of a particular radioisotope l<>
lose half ii.s radioactive strength. Can
vary from fractions of a second to bil-
lious of years depending on the isotope
involved.
landfill: a natural or excavated depres-
sion in the ground used for burying waste
material, most commonly household or
industrial wastes.
Icachate: polluted liquid resulting from
water dissolving material in a waste fa-
cility. It may be caused by rain or ground-
water sources, leave the site by surface or
subsurface drainage, and then contami-
nate potable water or land downstream.
NIMBY: acronym for Not In My Back
Yard. Used to describe the negative
response of residents to an unwanted
intrusion into theirneiglibourhood. Often
encountered in connection with waste
management but also in relation to
other issues. :

nuclear waste: by-products of the nu- :
clear energy process, also referred to as
radioactive wastes. Consists of any waste
material which contains or is contami-
nated with radionuclides at levels suffi-
cient to warrant licensing by the AECB.
Generally, there are two types of wastes,
high-level and low-level.

high-level radioactive wastes: used
or "spent" fuel from a nuclear reactor.
low-level radioactive wastes: all the j
other wastes from nuclear operations.
In addition to various chemical com-
pounds, they include contaminated
protective clothing, building materi-
als, tools, containers, industrial mate- ',
rials, used medical devices, etc.

neutron: particle in the nucleus of an
atom with no positive or negative charge. :
proton: positively charged particle in
the nucleus of an atom.
radiation: a form of energy that travels
through space and gives up some or all of

its energy upon contact with any mate-
rial.

ionizing radiation: ionizing radiation
transfers energy by causing material
to change its basic structure: mole-
cules become electrically charged, or
ionized. Forms of non-ionizing radia-
tion include sunlight, microwaves and
radio waves.
background radiation: radiation
which occurs naturally in the environ-
ment. We are exposed to ionizing
radiation from cosmic rays, building
materials, food, the earth, air and even
our own bodies.

radioactive: substances consisting of or
containing atoms which disintegrate
spontaneously (decay), emitting ioniz-
ing radiation as they do so. are said to be
radioactive.
radioisotopes: unstable isotopes which
disintegrate emitting radiation and leav-
ing behind a different atom, usually of a

: different element. Isotopes are atoms
: having the same number of protons but

different numbers of neutrons in theirnu-
cleus. Isotopes of any particular element
have the same chemical properties but
different physical properties such as mass.
radionuclides: a term often used syn-
onymously with radioisotopes.
radon: gaseous radioactive element,
heavier than air. occurring from the natu-
ral decay of radium. It may be given off
by the soil, building materials, well wa-
ter, and other sources, including radioac-
tive waste with any uranium-radium
content.

radwastc: artificial term sometimes used
to refer to nuclear wastes.
reactor: a facility or structure in which a
controlled nuclear chain reaction takes
place.
rem: Roentgen equivalent man; a unit
used to measure the relative effect of

doses of different ionizing radiations on
body tissues. The term is being replaced
by the sievert.
reprocessing: the extraction for recy-
cling of fissionable material from used
irradiated nuclear fuel. This process is
not currently used in Canada.
shielding: materials placed around ra-
dioactive substances to absorb radiation
and reduce radiation exposure nearby.
sievert: international unit used to meas-
ure dose equivalents of different types
of radiation. Doses are usually measured
in millisieveris (mSv). The average
Canadian receives between 1 and 2 mSv
a year from environmental radiation.
spent fuel: nuclear fuel that has been
irradiated in a reactor and is no longer
capable of efficiently maintaining the
nuclear fission process.
storage: the temporary holding of radio-
active wastes in a manner that provides
for surveillance, control, and eventual re-
trieval.

storage bay: specially constructed,
water-filled pool used for the safe stor-
age of spent fuel. Also referred to as a
spent fuel bay.
tailings: residual solid waste material
from the processing of ore in a mining
and milling operation.
tile holes: engineered holes in the earth,
usually lined with cement and/or other
material, used for the storage of low-
level radioactive wastes.
waste management: all activities,
administrative and operational, that are
involved in the handling, transporting,
conditioning, treatment, storage and dis-
posal of radioactive wastes.
vault: enclosed engineered structure
constructed above or below surface and
used for the containment of low-level
radioactive waste.

Further information:
For further information on this topic or any aspect of the refutation (>f nuclear energy in
Canada, please write, call or drop in to the Atomic Fnert;y Control Ihxird. Office of Public
Information. 270 Albert Street. Second Floor, P. O. Box 1046. Ottawa. Ontario KIP 5S9.
Telephone (hl3) W5-5M4

(Collect cults may he accepted provided lite culler's telephone nuinher is iilenlijicd.) INFO-0322
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odern industrial nations are
creating garbage in mountain-
ous volumes. Some of it —
household as well as indus-

trial waste — contains toxic chemicals
that will never degrade, but will last
forever.

Where will we put it? How will we treat
it? Will the environment be damaged?
Will public health be jeopardized? Will
our actions today compromise future
generations? Waste disposal has be-
come a major issue of our times.

In Canada, as elsewhere, part of that
problem — u small part of the volume,
but a special part of the hazard — is ra-
dioactive waste. It is "special" in sev-
eral ways:

• it cannot be chemically treated to take
away its radiation:

• unlike many waste products that will
never disappear, all radioactive waste
does decay — most of it quickly, some
of it over years or thousands of years —
but it does eventually become harmless
from the radiation standpoint:

• regulated quantities may not be dis-
posed of unless the conditions of the
Atomic Energy Control Board are met
— conditions designed to protect the en-
vironment and human health, and to
minimize any burden placed on future
generations:

• conditions for radioactive waste dis-
posal generally exceed the controls (to
the extent they exist) now placed on
other hazardous substances being dis-
carded in our environment.

The rale of decay is one of the factors
determining how radioactive waste must
be either stored or disposed of. Other
far rs are (he level of its radioactivity,
its volume, and the type of radiation
emitted.

Without venturing into complicated
physics, consider two examples — one
at each extreme of radiation hazard:

• It is estimated that of every 10 people
hospitalized in Canada, at least one re-
quires the use of radioactive materials
for diagnosis or treatment. For example.
a certain radioactive tracer may be in-

gested, and will be excreted later in the
urine, thus creating what is technically a
"radioactive waste". But the tracer has
a low level of radiation, is present in
very small amounts, and decays quickly.
So. under safety procedures defined and
monitored by the AECB. the waste fluid
may be stored until the radioisolope
decays — typically in a matter of hours
or a few days — to the point where the
liquid is no longer hazardous from a ra-
diation standpoint, and can be Hushed
into the municipal sewer system.

• The nuclear fission in a power reactor
that creates heat (to produce steam to
drive electrical turbines) simultaneously
creates a large number of radionuclides.
some of them intensely radioactive and
long-lived, requiring the spent fuel to be
cooled and shielded by water in special
reservoirs inside the power plant. But
the volume is relatively small — more
than 25 years of Canadian reactor
operation have not produced enough
spent fuel to fill an Olympic-sized swim-
ming pool — and this kind of controlled,
monitored storage is considered ade-
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quate for several decades before dis-
posal, probably in deep underground
vaults, becomes necessary.

Between these low-level and high-level
extremes of radioactive waste lies a broad
spectrum of so-called "radwaste" pro-
duced in other stages of the nuclear fuel
cycle — as well as in research, indus- i
trial, and radiological operations of vari-
ous kinds.

Briefly, the following are the main
sources of radioactive waste in Canada:

Uranium Products

Over the years the mining and milling of i
uranium in northern Saskatchewan and |
Ontario has created more than 130 mil- j
lion tonnes of tailings, which for the
most part are kept at the mine sites in en-
gineered impoundments licensed by the
AECB on a site-specific basis.

The refining of mill concentrates to
produce the uranium oxide used in
Canadian heavy-water reactors now
produces very little waste, and the bulk
of it is returned to the mills for repro-
cessing. The low-level waste from sub-
sequent fuel fabrication is recycled.

Nuclear Power Stations

The spent fuel contains more than 99 per
cent of the radioactivity in the waste
coming from power reactors. The re-
mainder is in such things as wastes aris-
ing from material trapped in the filtering
of the reactor coolant and ambient air,
or caught in other filters or absorbents in
the decontamination of piping or other
reactor components. These together with
other contaminated materials — cloth-
ing, rags and mops, scrap, tools, and
paper—are stored in protected concrete

trenches or "ti le holes" (concrete or steel
pipes set vertically in the ground).

Medicine and Industry

The use of radioisotopes in medicine,
industry and research produces some
low level wastes that decay so quickly
that within hours or a few days they can
be safely released to the environment.
Longer-lived wastes are stored (at the
producer's expense) by Atomic Energy
of Canada Limited in shallow-burial or
above-ground containment.

Historic Wastes

Historic radioactive wastes are defined
as those which were managed in the past
in a manner that is not acceptable today
but for which the original producer can-
not reasonably be held responsible. The
bulk of these wastes are now being looked
after by the Low-Level Radioactive
Waste Management Office of Atomic
Energy of Canada Limited, on behalf of
the Government of Canada.

Further information:
For further information on this topic or any aspect of the regulation of nuclear energy in
Canada, please write, call or drop in to the Atomic Energy Control Board, Office of Public
Information. 270 Albeit Street, Second Floor, P. O. Box 1046, Ottawa. Ontario KIP 5S9.
Telephone (613) 995-5894

(Collect calls may be accepted provided the caller's telephone number is identified.) 1NFO-0322
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some of it.

he most serious health
hazard posed by low-level ra-
dioactive waste would come
from swallowing or inhaling

No sensible person would do that de-
liberately, but might it happen without
them knowing it?

It might indeed, and that is the radiologi-
cal risk to health that underlies the entire
complex of international and Canadian
rules and regulations designed to mini-
mize the chance of radioactive wastes
getting intoenvironmental pathways that
lead to food, water and air.

It is known that radiation exposure of
human tissue can cause cancer and pos-
sibly serious genetic effects. (The word
"possibly" is used because no direct evi-
dence of genetic effects due to radiation
has been seen for humans, only certain
animals, insects and plants.)

Yet it is impossible to avoid radiation
entirely. Radioactivity exists naturally
in our environment and always has.
Measurable quantities can be detected

in every breath of air, in drinking water,
and in vegetables, meat and fish. We are
also constantly bombarded by radiation

! from outer space.
|
| In short, we are exposed daily to radia-
| tion that is virtually impossible to avoid.

The objective of the Atomic Energy
Control Board's regulatory standards for
radioactive waste disposal is to avoid

I adding significantly to the natural
; exposure to radiation.

Every applicant for a licence to dispose
of radioactive waste will be required to
demonstrate that the predicted radio-
logical risk posed by the disposal system
will be no greater than that associated
with a small fraction of natural back-
ground radiation.

Specifically, the potential risk of any
such facility should be no greater than a
one-in-a-million chance of any fatal
cancer or serious genetic effect in one
year. That risk is the same as the risk
from radiation doses that are a few per
cent of natural environmental radiation.

I That is a very specific objective for any
I disposal system, but one the AECB con-
siders necessary to meet its basic aim —
namely, that taking social and economic
factors into account, such a system must

| protect the environment and public
j health, and minimize any burden on
I future generations.

\ Individual Assessment

I In Canada, the same standards apply to
both high-level and low-level wastes.
All disposal systems must satisfy the
same AECB criteria, and designs will
be determined by assessment of the
specific hazards posed by individual
waste-disposal systems, rather than an
arbitrary classification system that could
invite loopholes.

It is envisaged, for example, that dis-
i posal of high-level waste, the spent fuel
! from power and research reactors, could
possibly meet the AECB regulations
through the use of special containers
designed for deep burial in stable rock
formalions that would not be disturbed
even by another ice age. But in the case
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of some low-level wastes the same stun- ]
dard may be met by relatively shallow j
burial in geologically suitable areas that j
could safely contain the wastes until
natural decay reduces any hazard to an
insignificant level, indistinguishable
from the natural environment.

For either class of waste, the onus is on
the applicant for a disposal licence to
convince the AECB that any radiologi-
cal hazard would be minimal.

The basic issue is: will the design of the
disposal-site minimize the risk of radio-
active substances getting into environ-
mental pathways leading to food, water !
and air? '

Release Pathways

At the risk of oversimplification, there
are essentially three routes that radionu-
clides can take to reach our environment
—through the air, through surface water
run-off, and through groundwater.

To protect against the air route, any
waste-disposal system would have to
retard erosion, reduce the chance of either
direct public exposure or inhalation of
radioactive dust particles and. depend-
ing on the nature of the wastes in place,
minimize the quantities of radioactive
gas entering the atmosphere.

Surface water run-off must be mini-;
mized because it could result in radi- j
onuclides being carried into possible
sources of drinking water, streams, or
lakes. There, they could be taken up by
aquatic plants and various organisms at
the bottom of the food chain leading to
fish and ultimately humans.

The groundwater route is the most com-
plex route for movement away from a \
site, but it is one that could have the

same final result as surface run-off —
unacceptable contamination of the
environment and risk to public health.

Finally, a waste disposal facility must
discourage intrusion, at least until the
radioactive material has decayed to non-
hazardous levels.

Further information:
For further information on this topic or any aspect of the regulation of nuclear energy in
Canada, please write, call or drop in to the Atomic Energy Control Board, Office of Public
Information, 270 Albert Street, Second Floor, P. O. Box 1046. Ottawa. Ontario KIP 5S9.
Telephone (61 J) 995-5X94

(Collect calls may he accepted provided the caller's telephone immher is identified.) INFO-0322



CONTROLLING LOW-LEVEL RADIOACTIVE WASTE

DISPOSAL METHODS
No. 5 in u series;

• The Nuclear Regulator

• Definitions

• Waste Sources

• Waste Hazards
• Disposal Methods

• Licensing Process

»Standards

• Compliance

• Siting

• Transportation

• Decommissioning

• Public Information

he underlying principle guid-
ing the management of low-
level radioactive wastes is ef-
fective containment.

There are essentially two approaches
available: above-ground, and burial.
Each of these can be further refined so.
in fact, a number of technological
options for the safe containment of low-
level wastes are available.

Above-ground:

• above-ground vault: essentially a build-
ing-like design, free standing with prop-
erly engineered walls, roof and buffer.
Visual inspection is relatively easy but
the structure is exposed to weather and
the elements.

• engineered mound: the wastes are
placed on the surface under an engi-
neered cover which could include an
impermeable membrane (plastic). dense
clay layer, topsoil. and grass. The struc-
ture could be monitored visually and
through instrumentation on and around
the mounded area.

Burial:

a) below-ground vault: similar to the
above-ground vault but with the roof of
the structure at or below the surface
level. Visual inspections would be more
difficult but the effects of weather would
be reduced.

b) engineered trench: specially pre-
pared, covered trenches incorporating a
liner and drainage system can be de-
signed to limit the release of radionu-
clides. Such structures are very stable
and can be monitored through instru-
mentation.

c) reinforced concrete canisters: the
wastes are usually compacted and then
placed in cylindrical steel containers situ-
ated in capped concrete-lined holes in
the ground.

di below-ground caverns: either man-
made or naturally occurring sites at
depths sufficient to prevent inadvertent
intrusion. As with other facilities, care
must be taken to prevent migration of
wastes through groundvvater. Ongoing

management and monitoring would be
done through instrumentation.

A third type of disposal has been used in
some countries but not in Canada, and it
is not being considered here — disposal
at sea. In accordance with the terms of
the London Convention on the Preven-
tion of Marine Pollution, certain nations
packaged some of their solid low-level
wastes and dumped them in areas of the
ocean at least 4000 metres deep, away
from shipping routes ani fishing
grounds. There has been .. voluntary
moratorium on this practice since ll)86.
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Further information:
For further information on this topic or any aspect of the regulation of nuclear energy in
Canada, please write, call or drop in to the Atomic Energy Control Board, Office of Public
Information, 270 Albert Street, Second Floor. P. O. Box 1046. Ottawa. Ontario KIP 5S9.
Telephone (613) 995-5X94

(Culled culls may he accepted provided the culler's telephone number is identified.) INFO-0322
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II nuclear facilities in Canada
are subject to the Atomic En-
ergy Control Act.

That Act establishes the
Atomic Energy Control Board and em-
powers it to control and supervise the
development, application and use of
nuclear energy as a matter of national
interest.

The AECB does this in essentially three
ways:

• It establishes the regulatory require-
ments for nuclear facilitit.. — including
any waste management facility — and if
the Board approves of the proposed loca-
tion and the construction and operating
plans, it will issue a licence first to con-
struct the facility, then to operate it, and
finally (when its operational life ends)
to shut it down, with all three licences
made conditional on wide-ranging
measures to ensure safety, security, and
protection of health and the environment.

• The Board establishes regulations and
issues licences for the possession, sale
and use of materials that can be used to

proi'ace nuclear energy, and for radio-
isotopes used in medicine and industry.
It also certifies containers used to trans-
port hazardous radioactive substances
in Canada.

• To ensui^ compliance with its regula-
tions and conditions of licences (includ-
ing adherence to the legal limits on radia-
tion doses to both workers and the gen-
eral public), the Board operates a surveil-
lance and inspection system, with the
authority to withdraw licences from vio-
lators, and to prosecute. (Conviction can
bring a fine ot up to $ 10.000, or five years
imprisonment, or both).

This comprehensive licensing and com-
pliance system is operated by the AECB
in co-operation with federal and provin- •
cial departments in such fields as health,
environment, transport and labour.

A "nuclear facility" is defined by the
AECB as a power or research reactor, a
uranium mine or mill, a uranium refining
or conversion plant, a fuel fabrication
plant, a heavy water plant, a particle ac-
celerator, or a radioactive waste manage-
ment project.

The latter includes both the storage of
waste materials (for which 14 licences
now exist) and their ultimate contain-

, ment and isolation — that is, their dis-
posal (for which the Board expects to
receive the first licence applications over
the next few years).

The Application
As an essential first step, the proponent
has to set out, in a document available for
public scrutiny and subject to AECB ap-
proval, a description of the site and how
the facility will be designed, built and
operated. The document must include an
assessment of potential hazards, and what
will be done to prevent or minimize them.

The applicant isalsoobliged by the AECB
to explain the proposal to the public in Ihe
community involved, through an organ-
ized public information program.

If these hurdles are cleared — plus any
federal or provincial environmental
impact hearings thai may be required —
then the AECB will consider applica-
tions to (a) construct the facility, and (b)
operate it. (over)
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These applications must also include pro-
posed plans for safely closing the facility
(that is, "decommissioning" it,) when
that day comes. The licence applicant
must provide assurances satisfactory to
the AECB thai money will be available
for decommissioning. If the site cannot
be restored to unrestricted use, appropri-
ate controls will be required to be in
place, so that the public and the environ-
ment are protected, before the applica-
tion will be approved.

The general regulations for construction
and operating licences require the appli-
cant to describe to the AECB's sati.sfac- j
tion these factors, among others: j

• detailed design: j

• operating procedures:

» measures to prevent anyone from get-
ting a radiation dose beyond the limits set
by the Board, and steps that will be taken
should that happen:

• measures to detect and record the amount
ol radiation in [he facility, and to monitor
each person's exposure:

• physical security measures;

• the qualifications, training and experi-
ence of every person involved in the op-
eration of the facility:

• the method of handling any radioactive
or other hazardous material, including
wastes.

In addition, the Board can require every
applicant to provide "any other informa-
tion necessary to evaluate the applica-
tion".

Depending on the type of nuclear facility
involved, the AECB also issues special ;

regulations, regulatory guides, and pol-
icy statements, to which the applicants
are required to adhere. This has already
been done, for example, for waste man-
agement, in anticipation of applications
for licences to dispose of both high-level
and low-level radioactive wastes.

At each stage of the licensing procedure,
every aspect of an application is submit-
ted to critical assessment by the Board
and its professional staff of scientists, ;
engineers, and technicians. Along with ;
the original applications, these assess-
ments are also available to members of
the public, and anyone can make a sub-
mission to the AECB on these matters.

Further information:
For further information on this topic or any aspect of the regulation of nuclear energy in
Canada, please write, call or drop in to the Atomic Energy Control Board, Office of Public
Information. 270 Albert Street, Second Floor. P. O. Box 1046, Ottawa, Ontario KIP 5S9.
Telephone (613) 995-5X94

(Collect culls imiy he accepted provided the caller's telephone number is identified.) 1NFO-0.122
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t is one thing to store radio-
active waste. It can be con-
tained, isolated, guarded and
monitored, on the principle

that constant vigilance (aided by sound
engineering) can safeguard the public
and the environment.

To dispose of such waste once and for all
is something else. Disposal implies per-
manence. What man-made structure
will meet that test? And who can we
trust to provide the vigilance not just 10
or 20 years from now but in 100 or 1.000
years, when a radiological hazard may
still exist?

These are among the issues, risks and
uncertainties that must be confronted in :
any reasonable, responsible system of
control over nuclear waste materials.

In Canada that responsibility rests with
the Atomic Energy Control Board, and
its regulatory policy on this subject be-
gins with the following principles:

The objectives of radioactive waste dis-
posal are to:

• protect human health,

• protect the environment,

• minimize any burden placed on future
: generations, taking into account social
and economic factors.

; Behind those principles lies a complex
: body of scientific knowledge about nu-
clear activity and the benefits and risks
of exploiting it for electric power gen-
eration, medical diagnosis, cancer treat-
ment and industrial applications.

In this as in so many other fields we
depend on the science and judgement of
physicists, chemists, engineers and phy-
sicians. In the nuclear field that science
and judgement is embodied both in na-
tional control agencies (such as the
AECB) and worldwide organizations
(such as the International Commission
on Radiological Protection, the Interna-
tional Atomic Energy Agency, and the
World Health Organization). All arc
concerned with safety and minimizing
the risks to health and the environment.

Yet before the public can be expected to

form an opinion about the installation of
a nuclear facility, it will want an appre-
ciation of the risks involved.

Even the most carefully engineered sys-
tems of permanently burying radioac-
tive wastes could pose two main hazards
to human health and the environment:

• someone, in some distant future, may
inadvertently dig or drill into a site, per-
haps in search of minerals:

• water, particularly groundwater. may
ultimately find its way into the waste
and possibly carry contaminants into the
environment.

Any applicant for a licence to dispose of
radioactive waste in Canada will there-
fore have to satisfy the Atomic Energy
Control Board that both natural geologi-
cal conditions and the waste-emplace-
ment system at any proposed disposal
site will reduce those and other risks or
theirconscqucnces to an acceptable level.

One of the Board's criteria is that no
waste disposal facility, even if left un-
marked and unguarded in the future.
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should subject any poison to a predicted
radiological risk greater than a one-in-
a-million chance of fatal cancer and
serious genetic effects in a year. That
risk is consistent with a radiation dose
that is a tiny fraction — about 2.5%—of
the dose that every human being re-
ceives from our natural environment,
including soil, water, air and cosmic |
rays. |

I
Of particular interest to any community j
in which a radioactive waste manage-
ment facility might be located is the
AECB requirement that the radiological
risk be calculated "without taking ad- j
vantage of long-term institutional con- i
trols as a safety feature". By "institu- I
tional controls" is meant such steps as !
monitoring and treatment of contami-
nated releases from the disposal site, the
keeping of records, and land-use restric-
tions registered in property deeds or by
means of municipal by laws or other legal
instruments.

The AECB's regulatory policy states in
part:

"Where reasonable disposal alternatives
clearly exist, those options which rely
on monitoring, surveillance, and other
institutional controls as a primary safety
feature for very long periods are not rec- i
ommended. j

"This is not because of concern that fu-
ture generations will be technologically
incompetent, but rather because meth-
ods of ensuring the continuity of con-
trols are not considered very reliable
beyond a few hundred years. j

i
"Similarly, it is not meant to imply that ;
means to preserve the identity and loca-
tion of waste disposal facilities or to

monitor their performance should not be
attempted. It is expected that records
will be kept and that in some cases moni-
toring will be carried out, but, where
reasonably possible, safety should not
rely on these measures."

The onus is therefore on the applicant
for a waste disposal site licence to de-
sign the kind of facility that can. without
human intervention, minimize the pos-
sibility of radionuclide releases into the
environment.

Applying internationally accepted con-
cepts developed over many years, the
AECB applies to all nuclear facilities
what is known as the ALARA principle,
namely that radiation exposure should
be as low as reasonably achievable,
taking social and economic factors into
account. All licensees are required to
satisfy the Board that their facilities,
operations and procedures will meet that
objective.

The fundamental requirement below
which ALARA comes into play is the ;
numerical dose limit for individuals: no
atomic radiation worker should in any
one year receive more than 50 millisiev-
erts of radiation. For the general public
the dose limit is set at one-tenth that
level: five millisieverts a year as the
maximum permissible exposure from
operational nuclear facilities.

The Board's requirements for waste dis-
posal are designed to ensure that there
are no predicted future risks to human
health and the environment that would
not be currently accepted. It is utterly
impossible for anyone to guarantee total
containment, complete isolation, and ab-
solute safety. On ethical grounds, the
AECB has ruled that the radiological

risks to those who follow us should b
no greater than those we now accep
and that the level of protection should h
no less.

Environmental protection isapproache
in much the same way: "Radioactiv
waste disposal options shall be impk
merited in a manner such that there ar
no predicted future impacts on the envi
ronment that would not be currently at
cepted and such Ih t̂ the future use c
natural resources is not prevented by ei
I her radioactive or non-radioactive cor
taminants."

(For further technical details: R-10-
Regulatory Ojectires, Requirements an
Guidelines for the Disposal ofRadioiu
live Wastes - Long-Term Aspects, a tie
AECB publication.)

Further information:
For further information on this topic or any aspect of the regulation of nuclear energy in
Canada, please write, call or drop in to the Atomic Energy Control Board, Office of Public
Information, 270 Albert Street, Second Floor, P. O. Box 1046, Ottawa, Ontario KIP 5S9.
Telephone (613) 995-5X94

(Collect calls may he accepted provided the caller's telephone nwiiher is identified.) INFO-0.122
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al'ety in the nuclear business
is largely a matter of provid-
ing safeguards against radia-
tion.

Ensuring that those safeguards are built
into the design and operating proce-
dures of every nuclear facility, and into
the handling of radioisotopes in medi-
cine and industry, is the function of the
comprehensive licensing process of the
Atomic Energy Control Board.

Seeing that they remain effectively in
place is the job of AECB inspectors.

These men and women play a vital role
as the "eyes" and "ears" of the Board,
gathering information, assessing haz-
ards, and investigating incidents. Based
on their work, the AECB can at any time
withdraw a licence if it finds that the
regulations, or the conditions it has at-
tached to the licence, have not been met.

Safety in operations involving nuclear
energy and radioactive materials begins
with the formal, multi-stage licensing
process itself. It holds the licence appli-
cant to account, demanding advance

proof of the applicant's ability to meet
AECB regulations and licence condi-
tions before the licence itself is ever
issued.

In the case of a major nuclear facility
like a waste management plant, the Board
begins by submitting the applicant's
plans to critical, scientific assessment,
and only if that stage is passed, and if the
site is approved, will a construction
permit be issued. The construction itself
has to be carried out under AECB sur-
veillance.

The AECB's compliance program ranges
from having resident inspectors at all
nuclear power plants to drop-in inspec-
tions— sometimes with advance notice,
but often without — at licensed prem-
ises in the nuclear industry across
Canada.

From regional offices in Calgary. Mis-
sissauga. Ottawa and Laval. AECB staff
cany out compliance inspections of li-
censed radioisotope operations such as
hospitals where isotopes are being used
for diagnosis or treatment: users of port-

able raciiation sources used in materials
testing ..ind gauges: and industrial plants
where radioactive materials are con-
nected with manufacturing processes.

The same AECB staff members who are
involved in licence applications and
renewals participate in periodic inspec-
tions of major nuclear facilities such as
uranium mines, research reactors, par-
ticle accelerators, refining and conver-
sion plants, fuel fabrication plants, heavy
water plants, and waste management
facilities.

The Board's compliance program is
supported by an AECB laboratory in
Ottawa that conducts chemical and
radiochemical analyses of samples taken
during inspections, and services and
calibrates the field instruments used by
inspectors.
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Further information:
For further information on this topic or any aspect of the regulation of nuclear energy in
Canada, please write, call or drop in to the Atomic Energy Control Board, Office of Public
Information, 270 Albert Street, Second Floor, P. O. Box 1046, Ottawa, Ontario KIP 5S9.
Telephone (613) 995-5894

(Collect calls may be accepted provided the caller's telephone number is identified.) INFO-0322
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orldwicle. there are millions
of shipments of radioactive
materials by air. road, rail or
water every year.

Yet we seldom if ever hear of transpor-
tation aceidents involving riiiliationleak-
age the way we hear of spillages of oil or
corrosive, toxic or flammable chemi-
cals, lor example. Why?

In a word, packaging.

By international convention and national
legislation, including Canadian law. the
onus is on the shipper to use only the
type of container qualified for the type
and quantity of radioactive material in-
volved.

Thus, although the shipment is also sub-
ject to various transport regulations, the
main responsibility for safety, security
and protection of the environment ami
the health of workers and the public is
placed on the shipper rather than the
carrier.

In Canada, the Atomic Knergy Control
Board is the agency that determines

shipping-container standards and en-
forces compliance.

There are over 500.000 such shipments
in Canada every year. Kaeh one is
handled according to:

• the quantity of radioactive material
being shipped:

a release of radioactive materials into
the transporting vehicle or onto the
ground. Most involved low-level radia-
tion and in no case was any significant
amount of material released into water-
courses or the atmosphere before the
spill could be cleaned up and the area de-
contaminated.

• the type of radiation emitted: and Choosing the Container

• the physical characteristics of the sub-
stances being shipped, (solid, liquid, gas.
etc.)

In one survey covering more than 20
years of shipments in Canada, it was
found that only 180 "incidents" required
AKCB attention and over half of these
were errors in shipping papers or label-
ling, or minor accidents in which there
was no damage to the shipping container
and no leakage of radiation whatsoever.
In fewer than 30 instances the shipping
container was damaged but there was no
leakage.

The study also found that out of millions
of shipments, in only 35 cases was there
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In a few cases there are no special re-
quirements for shipment. Hxamplcs are
radioisotopes in very small or "exempt"
quantities, and consumer products like
smoke detectors.

Some other materials require only ade-
quate containment for transport, lor
example, ore concentrates from uranium
mills are low in radioactivity and can
safely be shipped in strong but quite
ordinary drums. Any spillage of such
materials would pose more of a chemi-
cal than a radiological hazard.

The subsequent stages of what is called
"the nuclear fuel cycle", especially the
operation of power and research reac-

Canada
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tors, produce most of the rudionuclides
requiring special handling. From reac-
tors also come the radioisotopes used in
medicine, industry and research, and all
of these operations give rise to materials
ranging f><w. low- to very high-level
radioactivity. For each radioactive sub-
stance, depending on its nature, the
AECB requires special precautions not
only at all stages of handling within
nuclear facilities, including storage and
disposal, but in the way such substances
are packaged for shipment.

Depending on the level, amount and
kind of radiation involved, one of two
types of packages are used:

"Type A" packages are used for small
quantities of radioactivity, and where
protection from radiation is not a major '
concern. They are relatively simple,
low-cost containers that are not designed i
to survive a serious accident, but never-
theless have undergone special tests to
ensure they can withstand normal ship-
ping conditions.

"Type B" containers are designed for :

large quantities of highly radioactive .
materials, and undergo much tougher
testing, including penetration, fire and
submersion tests, simulating serious
accident conditions.

Shipments of Radioactive
Wastes

In terms of volume, by far the largest
proportion of radioactive waste produced
in Canada is never shipped at all: most of
it remains under licensed storage where
it was produced.

Mine tailings, relatively low in radioac-
tivity, remain in tailings management

areas at mine-mill sites in northern Sas-
katchewan and Ontario.

| Spent fuel from operational reactors,
! though relatively small in volume, is
i highly radioactive and long-lived and is

stored under water at the reactor site.
Spent fuel from three reactors that have
been permanently shut down is stored
dry in welded steel containers inside
concrete "silos".

Low-level radioactive wastes from a
variety of other sources — research in-
stitutions, hospitals, industry — are
stored in AECB-licenced waste-man-
agement sites, mostly in Ontario. These
include the storage of old low-level
refinery wastes at two sites near Port
Hope. One site at Welcome contains
largely refinery wastes generated many
years ago in the production of radium.
The Port Granby waste-management
facility contains more recent refining
and other wastes.

Should permanent disposal facilities for
such wastes be licensed by the AECB in
future, much of the existing low-level
material would probably be transported
there in bulk, by road or rail, covered to
prevent dust and spillage. However, the
exact conditions for each type of ship-
ment would be determined by the Board
according to the quantity of radioactive
material, its form, and the level and type
of radiation involved.

Further information:
For further information on this topic or any aspect of the regulation of nuclear energy in
Canada, please write, call or drop in to the Atomic Energy Control Board. Office of Public
Information, 270 Albert Street. Second Floor. P. O. Box 1046. Ottawa. Ontario KIP 5S9.
Telephone (613) 995-5894

(Celled culls may he accepted provided the culler's telephone ntiiiiher is identified.) INFO-03.22
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egaliy. no operator of a nu-
clear facility in Canada may
just "walk away" from ii
without prior permission

from the Atomic Energy Control Board.

In fact, no one may even start construct-
ing a facility without both a plan for safe
dismantling and decontamination when
it closes, and some assurance of the abil-
ity 10 pay for that work when the day
comes.

That applies to waste-management fa-
cilities as much as to power and research
reactors, particle accelerators, uranium
mines and mills, refineries, fuel fabrica-
tion plants, and heavy water plants.

"Decommissioning", as it is called, is an
integral part of the comprehensive li-
censing, inspection and compliance sys-
tem operated in Canada by the AECB.

The Board's regulatory policy in this
area is simply stated:

"Tin.- AECB ici/uires iJi;jj ;iJJ nudear
facilities be decommissioned satisfacto-
rily in the interests of health, safety.

security and protection of the environ-
ment, according to plans approved by
the AECB. Such plans shall be devel-
oped during the early stages of design of
the nuclear facility and refined during
the operating life of the facility, and the
associated decommissioning actions
assured by adequate financial planning."

This policy would apply, for example, if
low-level radioactive wastes now stored
under AECB licences at several sites in
Canada were moved elsewhere for stor-
age or disposal. The old storage sites
could not be abandoned until decon-
taminated to the Board's satisfaction,
even if that supervised process took
several years.

Before any organization can get AECB
approval to construct a new nuclear fa-
cility of any kind, it must have an accept-
able, technically feasibleconccptual plan
for decommissioning that facility in the
event of either scheduled or unsched-
uled closure. The plan has to indicate
ITOVV (he proponent will assure thitt .suf-
ficient financial resources are available
to complete such work.

As part of the comprehensive licence-
renewal and compliance process estab-
lished by the Board, provision is made
for updating the original conceptual plan
— including financial assurances — to
lake account of any significant change
in the circumstances or operation of the
facility.

Licensee Responsibility
Once a nuclear facility has been allowed
to operate by the Board, the licensee
may not abandon its operation or prem-
ises without satisfying the AECB's re-
quirements for decommissioning. An
application for decommissioning ap-
proval must be submitted to the AECB
a year ahead of any scheduled end of op-
erations, or within six months of an-
noun-cing an unscheduled, permanent
shutdown, and it has to include a de-
tailed description of when and how the
decommissioning work will be done.

For example, the AECB wants answers
to questions like these:

How can ihe applicant justify the start-
ing ami ending dates of the close-out
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work? Has the applicant surveyed the
level, quality and type of radioactivity in
the facility, and the concentrations on
surfaces and in the air? If such a survey
was not possible, what radioactivity is
projected? What radioactive wastes and
toxic chemicals will be produced in the
clean-up? Where and how will they be
disposed of?

What radiological or other hazards might
result from the decommissioning work?
What will be done to limit or control the
hazards? In the event of an accident,
what measures will be taken to limit
hazards?

The applicant is required to describe
how the environment and public health
and safety would be affected both by the
decommissioning work, and by hazard-
ous substances, if any. that may be left
behind.

It is possible, under AECB regulations,
for the operator to defer the actual de-
commissioning work for some agreed-
upon period if there's a good reason for
putting it off. Forexample, there may be
no suitable waste disposal facilities. Or
it may be safer for workers if the decom-
missioning work is delayed somewhat. !

for example to allow lime for radioac-
tive decay.

In that event, however, the Board will
demand a commitment that the work
will be done within a specified period,
plus proof that the delay would not be
harmful to the environment, security, or
the health and safety of workers or
members of the public.

Approval Required

Even after the decommissioning work
has been completed, the site may not be

abandoned — or the operator relieved of
responsibility for it — without explicit
AECB approval. And that approval does
not relieve the operator of any other re-
sponsibilities to comply with the re-
quirements of other federal, provincial
or municipal agencies.

| In many circumstances it will be impos-
j sible to remove every trace of radioac-

tive materials from the site. In such
cases the Board can demand a monitor-
ing program be mounted by the appli-
cant to demonstrate that residual im-
pacts are inconsequential, before per-
mission to abandon is granted. Such
monitoring may take five years or more,
depending on the circumstances.

Certain situations may encourage pro-
posals for decommissioning approaches
that require what are called "institu-
tional controls"—that is, ongoing human
intervention. The AECB prefers meth-
ods that do not rely on institutional
controls, but where no practical alterna-
tives exist, will accept passive controls
such as municipal or other land-use
restrictions. Almost by definition, long-
term intervention requirements such as
monitoring or effluent treatment mean
the facility is not decommissioned.

(For further technical details: R-90.
Policy on the Decommissioning of Nu-
clear Facilities, a free AECB publica-
tion.)

Further information:
For further information on this topic or any aspect of the regulation of nuclear energy in
Canada, please write, call or drop in to the Atomic Energy Control Board, Office of Public
Information, 270 Albert Street, Second Floor. P. O. Box 1046, Ottawa. Ontario KIP 5S9.
Telephone (613) 995-5X94

(Collect calls may he accepted provided the caller's telephone number is identified.) INFO-0322
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y its very nature, the re-
gulation and control of the
Canadian nuclear industry
involves a lot of physics,

chemistry, medicine, engineering and
technology.

Much of the information involved may
be heavy going for the layperson. Some
of it is difficult even for professionals to
grasp.

To assist the public in this regard, the
AECB operates an Office of Public
Information whose staff respond
to written, telephoned and drop-in-
cnijuirics, and handle communications
with the news media and others inter-
ested in Board activities. In this office,
the Community Relations Officer
provides a key link between the AECB
and communities hosting nuclear
facilities, or involved in nuclear issues
in some way.

The AECB operates a public documents
room at its head office in Ottawa where
licences and other documents relating to
the AECB's regulatory activities are

available for viewing by the public. This
includes minutesof Board meetings, with
supporting documentation.

Also available to visitors to Ottawa is
the AECB's reference library. Inter-
library loans can be arranged.

Seeking Comment
In developing regulations, regulatory
guides and policy statements, the Board
first publishes its proposals as "consul-
tative documents", to invite comments
from the public as well as the nuclear
industry itself. Only after these views
are taken into account does the Board
publish the regulatory documents in their
final form.

In some cases, after receiving comments,
the Board may issue a regulatory docu-
ment in "trial" form. After gaining some
practical experience with its applica-
tion, the AECB may re-issue it for
comment before releasing it in final form.

All applications for licences and most of
the supporting information are treated
by the Board as public information, avail-

J _ _ )

able at the AECB headquarters in Ottawa
or, as appropriate, at its regional offices.
(Exceptions would be such tilings as trade
secrets and anything to do with security.)

At the site-selection stage every appli-
cant for a nuclear facility licence is re-
quired by the Board to conduct a public
information program concerning the ap-
plication. In addition, federal and pro-
vincial policies or legislation may lead to
environmental assessment review pro-
cesses and hearings.

Anyone may submit written comments
on an application to the AECB. Both the
submission and the staff's recommenda-
tions to the Board concerning it become
public documents.

Interested parties may also apply to the
AECB to make oral representations to
the Board on specific licensing matters
and regulatory issues. This would in-
volve a physical appearance at a Board
meeting. The AECB is also prepared to
convene public meetings as another fo-
rum for concerns relating to its major
decisions. (over)

1*1 Atomic Energy
Control Board

Commission de controle
de I'energie atomique CanadS



CONTROLLING LOW-LEVEL RADIOACTIVE WASTE

People may have their name placed on
the mailing list for the AECB's publica-
tions catalogue, news releases, consul-
tative documents, the Annual Report,
Board Minutes (in microfiche) and the
quarterly journal. Reporter.

There's a wealth of information avail-
able at the AECB, and all you have to do
is ask.

Further information:
For further information on this topic or any aspect of the regulation of nuclear energy in
Canada, please write, call or drop in to the Atomic Energy Control Board. Office of Public
information, 270 Albert Street, Second Floor, P. O. Box 1046, Ottawa, Ontario KIP 5S9.
Telephone (613) 995-5894

(Colled culls may he accepted provided the caller's telephone number is identified, I INFO-0322


