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AN INTRODUCTION TO RADIATION PROTECTION PRINCIPLES

1. PURPOSE

The fundamentals of radiation hazards and their control are presented in this
document so that employees may have a suitable reference guide. The document is
intended for all workers who are expected to work continuously or occasionally in
areas where radiation or contamination could be encountered. More detailed pro-
cedures and guides are given in CRNL-356, Part I, The Health Physics Manual. In
addition, several of the topics discussed are governed by Standard Policies and
Procedures.

This document will :

- outline the fundamentals of controlling radiation hazards,
- describe methods that enable employees to work safely with radiation,
- discuss some of the approved techniques used when handling radioactive
materials,

- acquaint employees with the organization of radiation and industrial safety at
CRNL.

2. FUNDAMENTALS

2.1 What is Radiation?

The type of radiation discussed here is called ionizing radiation and is asso-
ciated with radioactive materials, x-ray machines and accelerators. Ionizing
radiation differs front the more familiar types of radiation, light and heat, in
that we cannot see it, feel it, or detect it with any of our senses. However, we
can easily detect it with radiation measuring instruments.

Ionizing radiation consists of streams of fast flying particles or energy waves,
which are emitted by atoms. Atoms are very small units of matter. Although all
substances are made up of atoms, not all atoms emit ionizing radiation. Some
atoms have too much energy which makes them unstable. Such unstable atoms are
radioactive and are called radioisotopes. They change spontaneously into more
stable isotopes by the process of radioactive decay. In so doing, they give off
some of their excess energy in the form of ionizing radiation.

Radioactive decay proceeds at a specific, unalterable rate for each radioisotope.
The time required for a radioisotope to decay to half of its initial strength, or
to lose half its activity, is called the half-life of the radioisotope.

2.2 Types of Radiation

The four types of radiation most frequently encountered at CRNL are:

2.2.1 Alpha Part ic les Symbol: a

Alpha part ic les are inv is ib le part ic les which travel only about 4 centimeters in
a i r or 50 micrometers in water. They are encountered at CRNL mainly as contam-
ination in and around hot ce l ls and in various laboratories where alpha-emitting
isotopes such as plutonium (Pu), uranium (U) or thorium (Th) are handled. Beta
and gamma radiation w i l l usually be present in these locations too.
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2.2.2 Beta Particles Symbol: (3

Beta particles are invisible particles (electrons) which are generally much more
penetrating than alpha particles. High energy beta particles travel up to several
meters in air or centimeters in water; however, the maximum range of the beta
particles most common at CRNL is about 3 meters in air or 3 millimeters in water.
There are some radioactive isotopes, such as tritium, which emit very weak beta
particles whose range is only a few millimeters in air.

Beta particles are encountered at CRNL mainly in areas that are contaminated with
fission products from irradiated fuel, such as fuel storage bays, hot cells and
various laboratories. Intense beta fields also arise from other materials that
have been in a reactor and from various radioisotopes that may be found in lab-
oratories.

Beta radiation is often accompanied by gamma radiation. In some cases the hazard
will be greater from the beta particles and in others, from the gamma rays.

2.2.3 Gamma Rays Symbol: y

Gamma rays are electro-magnetic waves similar to light but are extremely penetrat-
ing. They are identical to x-rays; however, they are emitted by radioisotopes
whereas x-rays are usually produced by devices.

The distance the gamma rays can travel through a material depends on their energy,
but even weak gamma rays are quite penetrating. The thicknesses of material
required to reduce the intensity of energetic cobalt-60 gamma rays to one-tenth
are 35 centimeters of water, 6 centimeters of iron or 3.3 centimeters of lead, for
narrow gamma ray beams and about 65 centimeters of water, 8 centimeters of iron or
4.3 centimeters of lead for wide beams.

Gamma rays are associated with most alpha and beta sources. However, alpha and
beta radiation are often completely attenuated by the walls of containers, whereas
gamma rays are usually not. Gamma radiation may be encountered in many areas
around reactors, in fuel storage bays, in hot cells, around accelerators and in
various laboratories.

2.2.4 Neutrons Symbol: n

Neutrons do not produce ionization themselves but they produce it indirectly, so
are included here as ionizing radiation. Neutrons are invisible particles which
may be encountered in the reactor and accelerator buildings. They are generated
during the fission of uranium and plutonium in reactors and are also produced by
various reactions in accelerators. Neutrons are released from beryllium upon
irradiation with alpha particles. Portable neutron sources may be found in
various laboratories. These are made up of mixtures of beryllium (Be) with one of
the alpha emitters: radium (Ra), polonium (Po), americium (Am), actinium (Ac) or
plutonium (Pu). Other neutron sources contain californium-252.

Neutrons travel fast when they are generated and are slowed down as they travel
through various materials. Slow or fast neutrons may be absorbed (captured) by
the atoms of the material through which they are travelling. Neutron capture is
usually accompanied by the release of gamma rays.
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The effectiveness of various materials in slowing and capturing neutrons varies
widely from one material to another and even from one isotope to another in the
same substance. It also depends strongly on the neutron energy. Therefore, it
is difficult to specify the range of neutrons in simple terms. When fast
neutrons travel through ordinary water, 90% of them are slowed and captured
after travelling about 30 centimeters.

2.3 Why Radiation is a Health Hazard

The body is made up of organs (e.g. skin, eyes, intestines, blood-producing
organs, reproductive organs), and tissues (e.g. muscle, nerve, bone); all com-
prise cells. Radiation may damage cells in different ways and thereby cause
damage to tissues and organs.

Extremely high doses can result in skin burns, in cloudiness of the eye
(cataract), or kill cells in the blood-producing organs or intestines. However,
if radiation exposures are kept within the permissible limits (section 5.2) no
such damage can occur.

It is known that radiation can also cause cancer, leukemia and genetic damage
in a "stochastic", i.e. lottery-like, way. These cancers, etc., are no
different from the ones caused by other agents or which arise naturally,
therefore it is quite impossible to establish that a particular effect was
radiation-caused. All one knows is that the probability of stochastic effects
increases with the radiation doses received.

The radiation dose limits observed at CRNL are low enough to ensure that cancer
and genetic risks of employees are minimal. These risks are very small compared
to the 25% risk of dying from cancer that everyone carries and are less than the
accident risks of workers employed in "safe" industries (such as light indus-
tries or government). Genetic damage has no apparent effect on exposed persons
but is heritable and may result in the children or later descendants of exposed
persons being born with physical or mental defects. The radiation dose limits
observed at CRNL are low enough to ensure that the amount of genetic damage we
pass on to our decendants is minimal and is only a small fraction of the genetic
damage that occurs spontaneously.

2.4 The Principles of Dose Limitation

2.4.1 General

AECL has always attempted to plan work so that the radiation dose was minimized.
In 1977 the International Commission on Radiological Protection published new
recommendations on how to limit radiation doses:

i - no practice shall be adopted unless its introduction produces a positive
net benefit;

ii - all exposures shall be kept as low as reasonably achievable, economic and
social factors being taken into account;

iii - the dose to individuals shall not exceed the limits recommended for appro-
priate circumstances by the Commission.



The recommendations are implemented at present in the following way:

i - Both AECL and the Atomic Energy Control Board (AECB) scrutinize that uses
of radioactivity are justified and beneficial to society;

ii - "As low as reasonably achievable" is often referred to as the ALARA
principle. It is a formal condition for operating the CRNL Site,
written into the Site Licence issued by the AECB;

iii - The Atomic Energy Control Regulations and CRNL Administrative Control
Levels, both described in section 5.2, limit doses to individuals.

A revision of the Atomic Energy Control Regulations is now being drafted and one
of the changes is likely to be the more formal incorporation of the ALARA prin-
ciple into the regulations.

2.4.2 The ALARA Principle

The ALARA principle implies that radiation protection should go beyond ensuring
that dose limits are not exceeded. It states that doses should be low, but
recognizes that elimination of all risks is often quite impossible, and there-
fore one must settle for what is reasonably achievable.

It is not a simple task to judge what is "reasonably achievable", or in other
words what is the optimal level of safety and the optimal level of spending for
safety. Often, well proven radiation protection practices are a good approxi-
mation of this optimum. It is suggested that employees consult the R.& I.S.
Branch when they have specific questions or suggestions on dose reduction or
ALARA.

One important feature of ALARA thinking is that the total dose associated with a
job is taken into consideration, in addition to doses to individuals.

2.5 Radiation Protection Responsibilities

Occupational Safety and Health is an important concern of AECL and the Standard
Policy and Procedure on it, RCW-9.01, sets out the roles and responsibilities of
management, supervision and employees. In particular:

"Employees are responsible for:

(i) working in compliance with site safety and health rules and
regulations;

(ii) using equipment and wearing protective clothing and devices that
the Company requires to be used or worn;

(iii) reporting to supervision the existence of any hazard or absence
of, or defect in, any equipment or protective devices of which
they are aware and which may endanger themselves or others;

(iv) working and operating all equipment, machines and devices in a
safe manner that will not endanger themselves or others."

These responsibilities apply just the same for radiation as for any other safety
and health hazard.
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3. EXTERNAL EXPOSURE

External exposure arises from a radiation source that is located outside the
body.

3.1 Whole Body Irradiation

Gamma rays, x-rays and neutrons are very penetrating and can pass right through
the body. As they pass through the body they irradiate everything, including
skin, blood, bones and internal organs.

3.2 Skin and Eye Irradiation

Beta particles can penetrate the skin and the outer surface of the eyes but not
much further. Therefore only the skin and eyes are irradiated when the body is
exposed to beta particles.

Most alpha particles cannot penetrate the skin, therefore substances that emit
alpha particles are usually harmless as long as they remain outside the body.

3.3 Beams and Solid Sources

External exposures at CRNL most commonly arise from sources such as:

- open experimental or fuel holes in reactors
- accelerator beams and targets
- anything that is removed from a reactor
- fuel and other irradiated materials in fuel storage bays or hot cells (caves)
- equipment and wastes from storage bays, hot cells and reactors
- piping systems in reactor and chemical plant buildings
- radioisotopes in various laboratories
- high level waste during disposal operations.

The radiation hazards associated with reactors and accelerators are generally
greater when these devices are operating but dangerous levels of radiation can
also be encountered when they are shut down.

3.4 Radioactive Gases

External exposures may also be received from radioactive gases that occasionally
escape from reactors, reactor fuels or from the production of "moly-99". The
most common of such gases are fission-product krypton, xenon and argon-41. Only
traces of these gases are absorbed into the body and since they are chemically
inert, they are not retained for very long. Therefore they pose mainly an
external radiation hazard. However, more toxic radionuclides such as radio-
iodine could be present in the air at the same time as these gases. Therefore
respirators are generally worn whenever workers are exposed to high concentra-
tions of any radioactive gases (see section 4).

Radioisotopes of krypton and xenon may be evolved from irradiated uranium after
i t is removed from a reactor or they may accompany leaks of heavy water or
helium from reactor systems. The particulate decay products of fission-product
gas mixtures usually encountered are characterised by the 17.7 minute decay
hal f - l i fe of rubidium-88.
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Argon-41 is produced when air is irradiated in reactors, either in rod
assemblies or in various air-cooled parts of reactors. Argon-41 has a hal f - l i fe
of 1.8 hours. I t occasionally leaks from reactor systems and can produce an
external hazard.

Under certain weather conditions, argon-41 descends from the main stack and
blankets the entire CRNL area (see section 10.5). When this happens, the con-
centration is too low to pose a significant hazard but is high enough to raise
the background radiation level and so interfere with radiation measurements.

3.5 Precautions Against External Exposures

Three general types of precaution are taken in order that people may work safely
in areas where alpha, beta, gamma or neutron sources are present.

3.5.1 Time

The longer the time spent near a radiation source the greater will be the expo-
sure. Therefore, if it is necessary to work where radiation is present, the
simplest way to limit the exposure is to stay as short a time as possible.

3.5.2 Distance

Exposure rate decreases rapidly with distance from a source. To reduce radi-
ation exposures all work should be carried out as far as practicable from
sources of radiation.

The intensity of gamma radiation decreases as the inverse square of the distance
from a source. Doubling the distance from a gamma source decreases the dose
rate to one-quarter, while tripling the distance reduces the dose rate to one-
ninth and so on. The intensity of beta radiation decreases with distance at a
greater rate than gamma.

3.5.3 Shielding

Shielding can be used to reduce or eliminate radiation.

Alpha radiation is easily shielded by rubber gloves, paper or clothing.

Beta radiation is more d i f f i cu l t to shield than alpha but may be shielded by
plywood, lucite or aluminum. I t is preferable to use l ight materials for beta
shielding, not lead.

Gamma radiation is very penetrating flnd requires thick shields of dense mater-
ials such as lead, steel or concrete. Water is often a convenient shield but
the thickness required for a desired shielding is more than ten times that of
lead.

Neutrons are often shielded by mixtures of heavy and l ight materials, such as
sandwich-type blocks made up of alternate layers of steel and masonite.
Materials containing a high proportion of hydrogen and carbon such as paraffin
wax can be used to slow fast neutrons so they can be absorbed by other
material s.
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4. INTERNAL EXPOSURE AND CONTAMINATION

4.1 Contamination

Contamination is uncontained radioactive material in a location where it is not
wanted. It may be encountered in several forms:

- as visible or invisible dust on surfaces or in the air
- as visible or invisible moisture on surfaces
- as visible or invisible gas or vapour in air
- as visible or invisible smoke or fumes.

Radioactive contamination can be encountered at concentrations high enough to
pose a dangerous external radiation hazard due to beta and gamma radiations.
However, it is not hazardous at the levels usually ecountered unless it enters
the body, (usually by inhalation). Once inside, it irradiates all or part of
the body until it decays or is excreted. Such internal irradiation may continue
for a long time (days or years), therefore amounts of contamination that are not
a significant external radiation hazard can be extremely hazardous if they enter
the body. Furthermore, contamination that emits only alpha particles or low-
energy beta particles is harmless until taken into the body; then it can be
extremely hazardous.

4.2 Entry into the Body

4.2.1. Inhalation

Contamination may be inhaled into the lungs when we breathe air that contains
radioactive dust, gas, vapour, fumes or smoke. Dangerous quantities could be
inhaled even when the airborne contamination is completely invisible. The size
of the dust particles which carry the contamination is usually from 0.1 microns
to 10 microns in diameter. Larger particles rapidly fall out of the air and
smaller particles behave like a gas.

Some inhaled substances are completely absorbed through the lungs into the body;
some are carried slowly out of the lungs in mucous and then swallowed and intro-
duced into the gastro-intestinal tract; some of the smaller sized particles are
exhaled irrmediately after inhalation and some remain in the lungs.

Inhalation of radioactive contamination is prevented by proper engineering con-
trols or as a last resort by wearing respirators in contaminated areas.

4.2.2 Ingestion

Contamination may be ingested (swallowed) if articles such as pipes, cigarettes
or fingers become contaminated and then touch the lips or are put in the mouth.
Large amounts of contamination could be ingested if radioactive liquids were
pipetted using the mouth rather than a mechanical device for suction.

Some ingested materials are absorbed completely into the body via the G.I.
tract, whereas others are partially absorbed and partially eliminated in the
faeces.
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Ingestion is prevented by good habits such as not smoking in contaminated areas,
not brushing contaminated hands across the face and washing before eating.

4.2.3 Skin Absorption

Although the skin is an excellent barrier for most substances, some materials
are absorbed through the skin into the body. The most notable example is trit-
ium (see Section 4.5). Contamination dissolved in some organic solvents may
also soak into the skin and be absorbed.

The skin can be damaged by harsh cleaning techniques which permit absorption of
contamination. Radioactive material can also enter the body through skin that
is damaged by cuts, scratches or abrasions.

Absorption of contamination through the skin is prevented by wearing gloves and
other protective clothing to keep contamination off the skin. When the skin
does become contaminated, it should be washed with a mild soap and water immedi-
ately and repeatedly. If the contamination still persists the R. & I.S. Branch
should be advised.

4.3 Fission-Product Contamination

Hundreds of different fission products are produced from uranium and plutonium
in nuclear reactors. For simplicity, two of the more hazardous fission prod-
ucts, strontium-90 and iodine-131, are often the main ones considered. If these
are controlled to safe levels, then the less hazardous fission products will
also be under control when dealing with unseparated fission products.

4.3.1 Strontium-90

Strontium-90 is one of the most hazardous components of fission-product contam-
ination. Strontium is chemically similar to calcium, which is one of the major
components of bones. Therefore, i f strontium is absorbed into the body, follow-
ing inhalation or ingestion, some of i t finds i ts way into the bones. I t
remains with an effective hal f - l i fe of about 16 years.

Strontium contamination constitutes only a few per cent of fission-product con-
tamination found in fuel storage and hot cell areas and is rarely found in a
separated form. Inhalation of fission products is prevented by proper engineer-
ing controls or, when this is not practicable, by wearing respirators.
Ingestion is prevented by washing before eating and by keeping contaminated
objects away from the mouth. The greater hazard is the airborne one.

4.3.2 Radioiodine

Several isotopes of iodine are produced from uranium and plutonium in reactors.
The most hazardous of these is usually iodine-131. Iodine may be released to
the air from irradiated fuel i f the fuel cladding is damaged. The iodine hazard
is particularly severe with fuel that has been irradiated recently. Since
iodine-131 decays with an 8-day ha l f - l i f e , the hazard decreases rather quickly
with time after irradiation. For example, the amount of iodine-131 in fuel 40
days (f ive half-lives) after irradiation is only 1/32 of the amount present on
the day of removal from the reactor.
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1-125 with a hal f - l i fe of 60 days is produced in a special fac i l i ty at the NRU
reactor.

I f iodine-contaminated air is breathed, iodine is absorbed into the body through
the lungs. Some of i t is then excreted with urine and some of i t is concen-
trated in the thyroid gland. I t irradiates the thyroid gland as i t decays.

Inhalation of iodine is prevented by proper engineering controls or, i f this is
not practicable, by wearing either a respirator whose canister contains charcoal
or an air-supplied respirator. The canister of the army type and Comfo type
f i l t e r respirators used at CRNL contain a suitable charcoal and are therefore
satisfactory for protecting against low concentrations of iodine.

4.4 Plutonium

Plutonium-239 is the most common plutonium isotope. It emits alpha particles
(and very weak gamma rays) and unless handled in large quantities does not con-
stitute a significant external hazard. The principal hazard from plutonium
arises when it enters the body, by inhalation or through a break in the skin.
It then concentrates in bones, where it remains virtually for life. The quan-
tities which are considered hazardous are extremely small and can become air-
borne quite readily. Special techniques are required to measure and identify
plutonium in air.

Plutonium is handled at CRNL in glove boxes, usually in the form of oxide
powder. It can escape from glove boxes and become dispersed in the air if a
glove is torn or punctured. Extremely dangerous amounts could be dispersed into
the air in the event of a fire or explosion. In such cases, one should never
approach the contaminated area without wearing a well-fitted respirator. Do not
attempt to work with plutonium until you have become well trained in the tech-
niques commonly recommended. Consult the R. & I.S. Branch before beginning
work.

4.5 Tritium and Tritium Oxides

Tritium is a radioactive isotope of hydrogen and exists in only minute traces in
nature but large amounts of tritium oxide (T£0 or DTO) are formed when heavy
water is irradiated in the NRX and NRU Reactors. Tritium does not emit gamma
radiation and its beta particles do not have enough energy to penetrate the
skin. Therefore, tritium is hazardous only when it is inside the body. It is
however, the most common internal contaminant at CRNL.

The water we drink is a compound of natural hydrogen and oxygen (H2O) and con-
tains only a trace amount of heavy water. Heavy water is a compound of deuter-
ium, which is a non-radioactive isotope of hydrogen, and oxygen (D2O). When
heavy water is irradiated by neutrons, some of the deuterium is converted to
tritium, resulting in tritiated water or tritium oxide (DTO or T2O). If heavy
water is exposed to the atmosphere after irradiation, some of the tritiated
water evaporates and disperses into the surrounding air as tritiated water
vapour.
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When a person is exposed in an atmosphere containing tritiated water vapour,
there are two ways in which the radioactive vapour can enter his body. It may
be inhaled and absorbed through the lungs or it may be absorbed through the
skin. The intake by these two methods is approximately equal. Tritium oxide is
also absorbed rapidly when the skin is wet with tritiated heavy water. In
addition, when tritiated heavy water is swallowed, it is absorbed completely
into the body.

After being absorbed, through the skin, lungs or digestive system, tritiated
water is rapidly distributed throughout the body. It reaches all parts of the
body and does not concentrate in any particular organ. The biological half-life
of tritiated water, which is the time taken by the body to eliminate half its
content of tritium, is about ten days. This half-life can be reduced by
increasing the intake of water or other fluids.

Potential tritium hazards exist at CRNL in all locations where heavy water is
present. These are mainly in the NRU and NRX reactors and in Building 210 where
heavy water is reconcentrated by electrolysis. A tritium hazard may be
anticipated whenever opening tanks, drums, piping, pumps or other articles that
have contained heavy water. The helium systems associated with the NRU and NRX
reactors also contain high concentrations of tritiated water.

In one or two locations tritium gas (T2) is used in experimental apparatus.
Tritium gas (T2) is less toxic than the oxide form by a factor of about 10 000.
However, the quantities used are often very large and stringent safety measures
are still required. This is especially so if there is a likelihood that the
tritium gas could be converted to the oxide.

Inhalation of tritium and its oxides is prevented by proper engineering controls
or when this is not practicable, by wearing an air-supplied mask or hood.
Absorption through the skin is prevented by wearing a plastic suit, hood and
gloves.

5. RADIATION EXPOSURE - LIMITS AND MEASUREMENTS

5.1 Radiation Dose Units

Both the SI units and the old units may be used. The old units are:

Roentgen (R)* - used to describe an amount of exposure to X or gamma radiation.
One thousandth of an R is a milliroentgen (mR). The rate of
exposure to X or gamma radiation is expressed in mR or R per
unit of time (e.g. mR/h, R/h, R/min, etc.) The exposure rate
(or dose rate) multiplied by the exposure time yields the total
exposure (dose).

Rad - The radiation absorbed dose (rad) is used as a measure of the
energy deposited in any substance by any type of radiation. For
X or gamma radiation one rad may be considered equivalent to one
roentgen.

*The roentgen (R) is being phased out in practice in favor of the rad (dose in
air).
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Rem - In radiation protection one has to take into account the
different biological effectiveness that different radiations
have. This is done by multiplying the dose, in rads, with a
so-called Quality Factor, which may have values from 1 (gamma or
beta radiation) to ?0 (alpha particles). The result is the
"dose equivalent1' in rems. (The Quality Factors used for
neutrons are 3 for thermal neutrons and 10 for other energies.
Note however that most neutron survey instruments measure
directly the dose equivalent in millirems).

It is acceptable to use the term "dose" instead of "dose equiva-
lent", except in situations when this may give rise to
confusion.

The SI units of dose and dose equivalent are, respectively, the gray and the
sievert. A dose of 1 gray is 1 Joule of energy absorbed per kg.

1 gray (Gy) = 100 rad
1 sievert (Sv) = 100 rem

5.2 Exposures Permitted at CRNL

The exposure regulations of AECL are those prescribed in the Atomic Energy
Control Regulations. In addition, administrative control levels are recommended
by the AECL "medical adviser". The "medical adviser" may base his recommen-
dations on the recommendations of the International Commission on Radiological
Protection, and he may, if he deems necessary, recommend more stringent poli-
cies. In every case the control levels are equal to or less than the limits
prescribed in the Atomic Energy Control Regulations.

All CRNL employees and attached staff are considered to be "atomic radiation
workers" as defined in the Atomic Energy Control Regulations. Persons not
"atomic radiation workers" such as visitors may not be exposed at a rate greater
than that cited for a member of the general public. In any two week period this
shall not be more than 1/250 of the annual exposure limit of an "atomic radi-
ation worker" [for example, 200 ySv (20 mrem) whole body dose].

5.2.1 External Exposure Limits at CRNL

The limits apply to all "atomic radiation workers", male or female. There are,
however, specific obligations and restrictions in the Regulations with regard to
reporting pregnancy and to maximum permissible doses during pregnancy.

5.2.1.1 Penetrating Radiation (Gamma, X-ray, Neutron)

(a) For the whole body, gonads and bone marrow.
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50 mSv (5 rem) in any calendar year
30 mSv {3 rem) in any period of 14 consecutive weeks

6 mSv (0.6 rem) in a 2 week photobadge issue period is an
administrative control level and should not be exceeded unless
permission has been obtained in advance by the Radiation and
Industrial Safety Branch from the "medical adviser".

The dose to the abdomen of a pregnant employee after the supervision is informed
of the pregnancy of that employee shall not exceed a total of 10 mSv (1 rem),
accumulated at a rate of not more than 600 ySv (60 mrem) per two weeks.* (See
also Section 5.2.8).

(b) For the hands, forearms, feet and ankles

750 mSv (75 rem) in any calendar year
380 mSv (38 rem) in any period of 14 consecutive weeks.

40 mSv (4 rem) in a 2-week photobadge issue period. This is an
administrative control level and should not be exceeded unless
permission has been obtained in advance by the Radiation and Industrial
Safety Branch from the "medical adviser".

(c) For the eyes

150 mSv (15 rem) in any calendar year.
80 mSv (8 rem) in any period of 14 consecutive weeks.

5.2.1.2 Radiation of Very Low Penetrating Power (Beta, Low-energy Gamma or

X-rays)

(a) For the skin of the whole body

300 mSv (30 rem) in any calendar year.
150 mSv (15 rem) in any period of 14 consecutive weeks.
16 mSv (1.6 rem) in a 2-week photobadge issue period is an
administrative control level and should not be exceeded unless
permission has been obtained in advance by the Radiation and Industrial
Safety Branch from the "medical adviser".

(b) For the skin of the hands, forearms, feet and ankles - identical to the
dose limits for penetrating radiation in 5.2.1.1 (b).

(c) For the eyes - identical to the dose limits for penetrating radiation in
5 2 1 1 ( )

5.2.1.3 External Exposure to Neutrons and High Energy Particles

The permissible doses are given in Section 5.2.1.1. When a direct measurement
of dose equivalents or dose equivalent rates Sv/h (rem/h) is not feasible, radi
ation protection may be based on particle fluence rate data. A few fluence
rates that correspond to a dose rate of 10 ySv/h (1 mrem/h) are indicated here:

*The CRNL administrative control level is 300 ySv (30 mrem) per two weeks.
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260 cm'^-s"1 for thermal neutrons

8.5 cnf^-s"1 for 1 MeV neutrons

It is recommended that the R. & I.S. Branch be consulted regarding conversions
between doses and particle fluence rates.

5.2.2 Internal Exposure

The Atomic Energy Control Regulations specify maximum permissible doses for dif-
ferent organs (these are either the same or half as much as the skin dose lim-
its), but these limits are not directly relevant to the worker, who should make
an effort not to ingest or inhale any radioactive contamination at all.

The control levels for internal exposures at CRNL are well below the dose limits
prescribed by the Regulations. They are based on metabolic models and committed
doses. In most cases these models are those recommended by the ICRP. The com-
mitted doses can be used to calculate the intake that would result in a commit-
ted dose equal to the annual limit on dose. These intakes are called Annual
Limits on Intake (ALI).

The control level (called removal level) for a particular radionuclide is based
on an indication by monitoring that an intake that amounts to 1/20 of the ALI
for the particular radioisotope might have occurred. Usually further monitoring
is required for determining the amount of radioactivity taken in and the result-
ant dose . Therefore the employee is removed from work that involves the possi-
bility of further significant contamination so that these can be assessed.

5.2.3 Summation of Doses

The radiation dose recorded for an employee is computed by adding the contri-
butions from radiation originating both inside and outside the body. Thus, for
example, skin dose may consist of several components, including external gamma
dose, external beta dose and internal dose from tr i t ium. In a second example,
the dose to the blood-forming organs may consist of the external gamma dose plus
the dose from Sr-90 deposited in bone.

In practice, the only internal dose that is routinely added to external doses is
usually the dose from trit ium oxide. Whole body or skin doses from other
internal contaminants have been almost always t r i v i a l .

5.2.4 Reporting of Dose (Dose Cards)

Doses from external radiation and trit ium are assessed bi-weekly. Whole body
and surface (skin) doses are reported on dose cards to all employees who
received more than 200 ySv (20 mrem) of either one in the two week period.

Anyone who finds his dosimetry result unusually high or low should call the R. &
I.S. Branch who wil l then examine whether the doses are reasonably consistent
with the employee's work act iv i t ies.
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5.2.5 Dosimeters

At CRNL all employees, all attached staff and all visitors are required to wear
a dosimeter badge (photobadge) as described in Standard Policy and Procedure
0-4.

5.2.6 Dose Records

AECL maintains for each "atomic radiation worker" a record of his occupational
exposure, and submits it annually to Health and Welfare Canada for inclusion in
the National Dose Registry. This record does not include radiation exposures
received in medical diagnosis or treatment.

5.2.7 Permissible Doses for Members of the Public

Members of the public, (i.e. those not classified as "atomic radiation workers")
must not receive, in a year, a radiation dose in excess of 1/10 of that per-
mitted an "atomic radiation worker".

5.2.8 Pregnancy and Radiation Work

The 1985 April 9 amendment to the Atomic Energy Control Regulations imposes the
following responsibility on female employees:

"Every woman shall if she becomes pregnant while she is engaged
by an employee as an atomic radiation worker, inform the employer
of her pregnancy as soon as she becomes aware of it."

When an employee who is an "atomic radiation worker" becomes pregnant she may
continue to work at her normal job if she wishes and provided her Branch Head
agrees. The Branch Head should base the decision on recommendations of the
employee's personal physician and the CRNL physician. See Section 5.2.1.1 (2)
regarding permissible doses.

5.3 "Atomic Radiation Workers" at CRNL

At CRNL all AECL employees and most attached staff are declared to be "atomic
radiation workers" as defined in the Atomic Energy Control Regulations and are
informed of this fact. The exceptions are listed below and none of these may be
exposed at a rate greater than that cited for a member of the general public.
The administrative control levels shall be in any two week period not more than
1/250 of the annual exposure permitted an "atomic radiation worker".

(a) Visitors who are not "atomic radiation workers".

(b) Contractors and their employees who are not "atomic radiation workers".

(c) Attached staff whose attachment is for less than one month and who are not
"atomic radiation workers" in the eyes of their employer or the Branch to
which they are attached. If the attachment is expected to exceed one month
they should be made "atomic radiation workers".
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(d) Non-employees such as truck drivers, telephone repair crews, typewriter and
computer technicians, provided their work does not require them to be clas-
sified as "atomic radiation workers".

The onus is on the Division, Branch and employee who is responsible for an indi-
vidual of a category listed above to ensure that he or she is classified cor-
rectly and not exposed to radiation above the appropriate limits.

5.4 Measuring External Exposure

5.4.1 CRNL Photobadge

The CRNL photobadge contains several devices for measuring radiation exposures,
as shown in Figure 1. It should be worn at all times, with the picture side
out, on the trunk of Jie body. In some situations, it may be required to wear
dosimeters in more than one location on the body, e.g. on the head, chest,
waist, wrist, or fingers.

Two small lithium fluoride (LiF) thermoluminescent dosimeters (TLD) mounted in
an aluminum plaque are used to measure a person's exposure to ionizing
radiation.

When a thermoluminescent dosimeter is exposed to ionizing radiation, some of the
energy of the radiation is absorbed and stored in the thermoluminescent material
(LiF). If the dosimeter is heated, this stored energy is released as light. By
measuring the quantity of emitted light, the radiation dose can be estimated.

The dosimeters in our badges can measure both surface dose and whole body dose
in the range 10 \iSv to 10 Sv (1 mrem to 1000 rem). They are normally read every
two weeks but can be read within a few hours if required.

5.4.2 Direct Reading Dosimeters (DRD)

Direct-reading ion chamber dosimeters are frequently used to provide an immedi-
ate indication of gamma exposure. They should be worn in the same location as
the photobadge. Although the wearer may check his exposure at any time during
the day, the dosimeter should be returned to the R. & I.S. Branch office at the
end of the shift or work period so that the reading can be recorded. Unneces-
sary exposures above control levels can sometimes be averted if the complete
record of these readings is maintained.

5.4.3 Warning Dosimeters

In areas where a high risk of radiation exposure exists workers are often pro-
vided with a "warning dosimeter". The device gives an audible clicking sound in
a gamma radiation field. As the intensity of the field increases, the frequency
of the clicks increases. When a preset dose, for example 2 mSv (0.2 rem) has
accumulated, a steady alarm signal is heard.

5.4.4 Hand Doses

Special thermoluminescent dosimeters made from teflon discs impregnated with LiF
are used to measure the surface dose to the hands. They are normally worn in
pairs, one on the ball of each thumb.
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5.4.5 Neutron Dosimetry

The indium foil and sulfur in the photobadge can measure neutron doses in case
of a severe accident, but they are not suitable for the measurement of small
doses from neutrons.

Personnel who work near neutron fields (accelerators or sources) should register
with the R. & I.S. Branch, who will then arrange for the monitoring of their
neutron doses. This is done by inserting a plastic foil (CR-39) in the
photobadge and counting the damage tracks in the plastic at regular (6 month)
interval s.

5.5 Internal Contamination Monitoring

A part of any radioactivity taken into the body is eliminated in the excreta.
Analysis of excreta, usually urine, is done to indicate whether any internal
contamination is present, and to provide an estimate of the amount present.
More accurate information may be obtained in some cases by in-vivo monitoring:
whole body, thyroid or lung counting.

Regular schedules of internal contamination monitoring are in place for the
employees of selected Branches at CRNL and the practice is being extended. It
is feasible to screen for different types of activity in the urine: gross
alpha, gross beta, gross gamma, tritium, and for natural uranium (Una^) or
enriched uranium (Ujot). It is important that the proper tests (that are
relevant to the actual contamination hazard) are requested and that samples of
proper size are submitted. When in doubt, consult with an R. & I.S. Radiation
Surveyor.

In addition to regularly scheduled samples, non-routine bioassay tests are done
whenever the occurrence of internal contamination is suspected. The Radiation
Surveyor in charge may request the submission of samples, and his advice should
be followed. In such situations the "Non-Routine Bioassay Submission" form,
CRNL-2578, is used.

6. METHODS USED TO PROTECT WORKERS

6.1 Zoning

The CRNL property is divided into three designated areas:

Outer Area - This consists of all property between the CRNL boundary and the
Plant fence. The Waste Management Areas are a special part in
this area: they are considered as part of the Active Area.

Inner Area - All areas within the Plant fence, except the Active Area.

Active Area - This includes reactor buildings, hot cells (caves), research
laboratories, chemical extraction plant buildings and all other
buildings at present enclosed by a fence around this area. It
also includes the Waste Management Areas situated in the Outer
Area.
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Once an object has entered the Active Area, it is considered to be a potential
source of contamination. To restrict the transfer of materials back and forth
from the one area to the other, some of the equipment in the two areas is
duplicated. Sources must be surveyed and properly tagged and packaged before
movement out of the Active Area or to another building within the Active Area.

Approval is occasionally granted by the Head of the R. & I.S. Branch or his
designate to move contaminated items out of the Active Area, but this practice
is discouraged. Items from the Active Area are not permitted to be shipped off
the CRNL property unless the contamination level is less than 40 kBq/m2 (10~4

uCi/cm2) beta and 4 kBq/m2 (10~5 yCi/cm2) alpha (averaged over 300 cm2) or when
properly surveyed and packaged under a licence from the Atomic Energy Control
Board.

Personnel who work in the Active Area are responsible for monitoring themselves
for contamination before leaving their work places. They should not take per-
sonal papers into areas where they might become contaminated and they should
have papers monitored if contamination is suspected.

The exit from the Active Area at Building 461 is equipped with corridor monrcors
which are sensitive to gamma radiation only and floor monitors which are sensi-
tive to beta radiation. The Main Gatehouse, Building 401, is also equipped with
corridor monitors. Since appreciable amounts of alpha- or beta-emitting
contamination could pass the corridor monitors without being detected, it is
important that workers monitor themselves carefully in their own buildings for
all types of contamination to which they may have been exposed.

When trucks enter the Active Area to transfer materials from one building to
another, plywood liners are placed in their boxes. If contaminated articles are
then carried, any loose contamination that falls off will deposit on the plywood
rather than on the truck itself. Plywood liners are removed before leaving the
Active Area. All vehicles are monitored routinely or at any time contamination
is suspected.

Controlled (Rubber Areas) and Uncontrolled Access Areas

For purposes of contamination control within the Active Area, many of the build-
ings are divided into controlled access and uncontrolled access sections.
Separating the two sections there is usually a barrier called a "rubber
station". People entering the controlled access section of a building are
required to wear either CRNL Active Area safety shoes or red rubbers over their
personal shoes. Laboratory coats are also required in some buildings.

A complete change of clothing may be required in some Active Area buildings
where the contamination potential is greatest. AECL provides underwear, socks,
shoes, cotton overalls, pants, shirts and laboratory coats. Personal clothing
is removed in a changeroom in the uncontrolled access section of the Building.

After entry to the controlled access section the worker dresses in "whites" and
Active Area (safety) shoes before proceeding to his duties. When leaving the
controlled access section, the "whites" are removed in the changeroom and the
worker proceeds through the shower room. Showering is mandatory in some
buildings. The use of hand and foot monitors by "Active Area" workers should be
routine and is strongly encouraged.
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When areas of high contamination are encountered within the controlled access
section of a building, these areas are often isolated by setting up a special
rubber area. Since this second area is within a controlled access area, it is
called an orange rubber or "double rubber" area. Orange rubbers are worn over
Active Area shoes for entry into these areas or if red rubbers are worn, they
are exchanged for orange rubbers when entering the area.

An additional pair of coveralls (double coveralls) or a PVC plastic suit may be
required if the contamination level is high. Great care must be taken when
removing contaminated clothing to prevent transfer of contamination from the
clothing to the skin or hair. When contamination levels are high, it is common
for R. & I.S. personnel to assist with the undressing. Contaminated clothing
should be put into plastic bags after removal. Respirators should be kept on
until all contaminated clothing is removed and until the undressed worker is
about to leave the area. The worker should be monitored carefully for skin and
hair contamination at this point. (See Section 7.3).

6.2 Area Monitors

6.2.1 Fixed Position Gamma Monitors

Radiation levels may change with the transfer of radioactive materials from one
location to another. To warn of increased radiation levels, fixed-position
gamma monitoring instruments have been installed in many areas of the Plant.
Most of these instruments are set to alarm if the radiation level at the
detector exceeds 6 mrad/h.* In locations where the normal background is greater
than 6 mrad/h, the alarm point is set just above the background level. In NRX,
the information from these monitors is recorded in the control room. In NRU,
the information is recorded in the control room and is also displayed on the
meters in the R. & I.S. office.

6.2.2 Ambient Radiation Monitors

Ambient radiation monitors have been installed in several locations at CRNL and
at Deep River to record variations in background radiation.

6.2.3 High Hazard Radiation Alarms

In areas where dangerous levels of gamma radiation are possible, high hazard
radiation alarms have been installed. When the radiation f ie ld at the detector
of one of these instruments reaches a preset level a red l ight flashes and a
bell rings. Personnel working in the vicini ty should leave until the cause of
the high f ie ld has been identif ied.

I f the radiation level at the detector rises beyond the higher alarm level, the
red l ight continues to flash but an intermittent signal from a "klaxon" horn,
operating on a one-second cycle, replaces the bell signal. Personnel in the
monitored area must move to a safe location immediately and must not return
unti l the situation causing the alarm has been corrected or until measurements
have been made by qualified R. & I.S. Branch staff to determine safe re-entry
procedures.

* 60 pGy/h
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6.2.4 Criticality Monitors

In areas where fissionable materials are stored or used, "criticality" monitors
have been installed, to provide a warning in the event that a neutron excursion
or "chain reaction" occurs accidentally. The alarm signal is given by an inter-
mittent klaxon horn, as with the high hazard gamma monitors.

It is absolutely essential that personnel leave the area immediately on hearing
a criticality alarm. In some cases, a few seconds delay in leaving the area
could make the difference between life and death. It is important to report at
the designated assembly location after leaving the building.

An automatic consequence of any criticality alarm is a "Stay-In" site
emergency.

6.3 Air Monitoring

6.3.1 Derived Air Concentrations (DAC)

The DAC of a particular radioactive material (isotope or mixture of isotopes) is
the concentration in air that would result in an intake equal to the Annual
Limit on Intake (ALI) if a person worked 40 h/ week in that concentration
throughout a whole year. Each hour of exposure at 1 DAC may be regarded as a
risk that is equivalent to that from a whole body dose of 25 ySv (2.5 mrem).

The DAC are the new internationally recommended values for controlling the con-
centration of radioactive gases or aerosols in the workplace. The old usage was
maximum permissible concentration (MPC), which is discussed in the current
version of the Health Physics Manual, CRNL-356. In view of the ample safety
margins that one ordinarily uses when dealing with any form of airborne
activity, the conceptual and numerical differences between DAC and MPC are
without practical consequence for the protection of the worker at CRNL.

Airborne activity is usually not distributed in a uniform way in any room,
therefore a precise measurement of the true concentration is rarely feasible.
In practice, therefore, respirators are often worn when a concentration greater
than the DAC is measured or whenever a Radiation Surveyor deems it advisable on
the basis of his experience. Respirators are worn during exposure to some air-
borne contaminants at a CRNL control level that is somewhat different than the
DAC value, as indicated in Table 1.

Tritium is easier to measure than some other contaminants (provided one has a
tritium monitor - other survey instruments cannot detect tritium). Therefore,
the expected DAC-hours of exposure rather than just the concentration, expressed
as multiples of the DAC value, is usually the criterion for deciding when to
wear an air-supplied respirator and plastic clothing. Both are recommended if
the anticipated exposure to tritium is greater than about 15 DAC-hours* or if
there is a chance of being wetted with tritiated heavy water. Air-supplied
respirators alone are satisfactory if the anticipated exposure is less than 15
DAC-hours*. Air-supplied respirators should be worn whenever working with
exposed heavy water involving occasional exposures. More restrictive recommend-
ations are required if exposures are frequent.

* 30 MPC- - hours
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TABLE 1

DAC's and CRNL Control Limits (1)

CRNL Control Limit
DAC

Bq/nr dis/{min.nr) Bq/mJ

Unknown beta emitters

Iodine-131

Short- l ived beta emitters
( h a l f - l i f e about 18 min.)

Tri t ium oxide (HTO or DTO)

Natural Uranium

Plutonium-239

Alpha a c t i v i t y , i f not known
to be uranium

700

800 000

0.6

0.2

1000

7000

100 000

22 000 000

150**

4

4

20

100

2000

400 000

2.5**

0.05

0.05

(1) For more detail consult the Radiation and Industrial Safety Branch.

This control limit, which was set equal to one MPCa, is in the process
of being reduced to the DAC.

6.3.2 Air Monitors

Appropriate monitoring devices are installed at most locations which have a
recognized potential for generating airborne contamination.

Continuous monitors are used for measuring the alpha or beta activity of
airborne aerosols and for measuring tritium in the air (usually tritiated
water).

Time-averaged tritium concentrations are monitored routinely on a daily basis
using bubbler-type samplers.

Whenever an air monitoring device alarms, leave the immediate area and return
only when a Radiation Surveyor advises you that it is safe to do so.

In addition to the installed continuous air monitors, airborne activity may be
also estimated on the basis of grab samples ("Staplex") taken by R. & I.S.
Branch personnel.
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6.4 The Work Permit

A work permit is required before maintenance work is done in most Active Area
buildings. The permit is authorized by the Supervision of the building
concerned and is filled out in consultation with a Radiation Surveyor and a
maintenance foreman.

Note:

- There is a time limit stated on the permit. A new permit is required if work
is to be continued on the succeeding shift.

- Only the work described on the permit may be done.

- Workers should retain their copy for reference until the work is completed.

- Workers should follow carefully all instructions written on the permit.

- Workers should inform their foreman if they think some hazard has been
overlooked.

7.

7.1

METHODS USED BY A WORKER FOR HIS OWN PROTECTION

Respirators

When i t i s necessary to enter an area where appreciable contamination e x i s t s , a
resp i ra to r must be worn. The R. & I .S. Branch resp i ra to r laboratory t ra ins em-
ployees on the types of resp i ra to rs used a t CRNL and on the f i t t i n g and tes t ing
of these resp i ra to rs . Employees who in the course of t h e i r work are required to
wear resp i ra tors must be properly f i t t e d and tested.

Two of the resp i ra to rs , the Comfo and the fu l l - f acep iece Canadian Services Resp-
i rator are f i t ted with high efficiency paper and charcoal f i l te rs which purify
contaminated air. The full-facepiece respirator is preferred in higher levels
of airborne contamination or where beta radiation is a hazard to the eyes. The
f i l te rs of these respirators are effective against dust, particulates contamin-
ation, radioiodine and most other vapours but they are not recommended for pro-
tection against trit ium or rare gases.

When trit ium vapour is present in the air, protection is provided by air-sup-
plied respirators or hoods. The "Wilson" respirator and the air-supplied hood
both obtain air from purified compressed air supplied to the bulding. They are
often used for routine operations. Positive-pressure, self-contained breathing
apparatus are available for use in emergencies or in very toxic atmospheres.
This equipment is available at strategic locations throughout the Site.
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7.2 Protective Clothing

Cotton clothing is provided for work in areas where slight contamination may be
encountered.

PVC plastic clothing is worn in areas that are highly contaminated with tritium
or where radioactive liquids or heavy water may spill on a worker. "Tyvek"
polypropylene clothing may be worn in areas where radioactive dust is present,
or where exposure to J_ow concentrations of HTO vapors is possible.

7.2.1 Removing Highly Contaminated Clothing

Decontamination Operators usually help workers remove their contaminated cloth-
ing as they leave "double rubber" areas. The most highly contaminated outer
clothing is removed first and is placed in bags. The respirator must not be
removed until this has been done.

If there is no one to assist with undressing and two pairs of gloves were not
worn, clean gloves should be put on before starting to undress. Care must be
taken to prevent contaminated clothing from contacting the skin.

7.3 Monitoring

Skin and clothing must be monitored for contamination when leaving a "controlled
access" area. A Radiation Surveyor or a Contamination Monitor is often avail-
able to assist. Rubbers should be removed carefully and placed in the box on
the controlled access side of the barrier. Hand and foot monitors should be
used as a final check for contamination before leaving the building.

If contamination is detected, one should try to remove the activity by washing
with soap and water. If skin contamination is still present after washing
several times, advice should be sought from a Radiation Surveyor. The Radiation
Surveyor may advise a stronger cleaning agent but it is important that contam-
inated skin not be injured by harsh cleaning methods. Therefore, the Radiation
Surveyor might recommend that an individual with persistent skin contamination
go to the Plant Hospital for further decontamination.

7.4 Remote Handling Apparatus

Gloves will protect the hands from contamination but not from radiation other
than alpha and lower energy beta particles. Since the dose rate decreases
rapidly with distance from a source, hand doses can be greatly reduced if remote
handling equipment is used.

Adequate protection is often obtainable by using tongs or tweezers when handling
small sources. Larger sources are often placed in shielded cells such as those
in Universal Cells, Building 234, in which all operations are carried out
remotely using master-slave manipulators.
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7.5 Safety Habits

Although Supervision and R. & I.S. Branch personnel are concerned with the
safety of CRNL workers, they are not always standing by to check if one decides
to take a short-cut to avoid some small personal discomfort. Much of the
ultimate responsibility for safety must rest with the worker. Workers should
acquaint themselves with the hazards that exist and follow the recommended
safety practices and procedures.

Smoking - is permitted in the Active Area only in locations known to be uncon-
taminated and only after hands have been washed and monitored. Smok-
ing is not permitted in "double rubber" areas.

Drinking - in some buildings, the only beverage permitted is water from foun-
tains. In other buildings hot beverages are allowed in certain ap-
proved locations, provided the hands are washed and monitored first.

Eating - is not allowed in the Active Area.

Pipetting - of liquids must never be done by mouth.

Wash Often - when working with radioactive materials, hands should be washed and
monitored before going to another section of the building, before
using a telephone, etc.

Shower - the use of showers is advised and one is expected to monitor thoroughly
before going to lunch and before leaving for home.

Remember - monitor yourself before leaving your building.

7.6 Procedure in Case of a Known or Suspected Spill

(a) Leave the room in which the spill has occurred.

(b) Remove shoes before stepping into the corridor.

(c) Close the door.

(d) Call for a Radiation Surveyor or send someone to get one.

(e) Stand at the entrance to the room to prevent spreading contamination your-
self and to prevent others from entering the room.

(f) The Radiation Surveyor will check you and your working area for contamin-
ation. He will advise you regarding any precautions necessary before
normal work can be resumed.

8. FUME HOODS AND GLOVE BOXES

Fume hoods and glove boxes are used to enable workers to handle radioactive
materials safely and without spreading contamination.
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Fume Hoods - are used for working with small amounts of relatively low-activity,
moderately hazardous material. Work with the window as far down as
possible and do not put your head inside the fume hood. Wear
gloves.

Glove Boxes - are usually used for more dangerous radioactive materials, such as
Plutonium or americium. Glove boxes may also be used for conven-
ience with less dangerous materials. For example, a portable
glove box is used to prevent the spread of tritium during fuel rod
removal work on top of the NRU reactor.

8.1 Ventilation of Fume Hoods and Glove Boxes

A constant flow of air must be maintained through a fume hood, to prevent con-
tamination from escaping through the open window of the hood. Air is drawn from
the room, through the front of the fume hood and then discharged, usually
through a high-efficiency filter, via a stack to the atmosphere. The air
velocity from the room into the fume hood should be between 0.5-1.25 m/s (100 to
250 feet per minute). The flow is checked periodically by R. & I.S. Branch and
maintenance personnel.

Glove boxes are kept at a lower pressure than the surrounding room, so that if
there is a leak anywhere in the box, room air will be drawn into the box. Glove
boxes are fitted with a pressure gauge that gives an indication of the pressure
difference between the glove box and the work area. There should be sufficient
suction to result in a slight pull on the gloves. If the pressure difference is
insufficient, contamination may escape to the room through leaky joints in the
box assembly. If the pressure difference is too great, it will be difficult to
work with the gloves.

Glove box ventilation systems should have high efficiency filters (HEPA) located
near the box and should have sufficient capacity so that if the seal on a glove
port is broken the inward flow of air through the port is in excess of 0.50 m/s
(100 ft/min). Under normal conditions the inside of the glove box should be
maintained at a negative pressure of 1 or 2 cm (0.50 to 0.75 in.) water gauge
compared with the room in which the box is located.

When a filter is required on the inlet air supply to the box it should also be
of the high efficiency type.

8.2 Techniques for Using Fume Hoods and Glove Boxes

8.2.1 General

This brief introduction is insufficient to train you in proper techniques.
These ought to be learned on the job under the guidance of an experienced
technologist or operator."

Stainless-steel catch trays on the floors of fume hoods and glove boxes are
useful to prevent the escape of any liquids that may be spilled. Several layers
of blotting paper are usually placed in these trays to absorb liquid.

Absorbent tissue (such as Kleenex) provided in a convenient location, is
commonly used to wipe pipettes or soak up small spills.
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To collect liquid wastes, a plastic bottle, sometimes shielded by lead bricks,
is kept in a corner of the fume hood or glove box. Ice cream cartons are
convenient containers for dry wastes.

Beta-emitting samples may be shielded effectively by the glass window of the
fume hood, by the lucite front of the glove box or by using blocks of wood with
holes bored in them to hold test tubes containing active solutions.

Gamma radiation may be shielded by building a wall of lead bricks around a
highly active sample. Good shielding is often obtained by surrounding a small
sample with lead shot.

8.2.2 Moving Materials In and Out

Rubber gloves should be worn for any work in a fume hood. They should also be
worn inside glove box gloves as a second protective barrier. Drip trays,
polyethylene bags or two containers one inside the other should be used when
moving samples or containers to any location outside a fume hood or glove box.

8.2.3 Removing Wastes

When wastes are to be removed from a fume hood a lined disposal can should be
brought as close as practicable. The waste container should be placed in a
clean container as it is removed from the hood. Care must be taken to avoid
contaminating the lid of the can with rubber gloves.

Wastes from a glove box may be placed in a clean container through the port of
the transfer box. If the transfer box is contaminated the waste container
should be placed in a second, clean container as it is removed. The disposal
can should be positioned near the outlet of the transfer box to receive the
material.

Some glove boxes and transfer boxes are fitted with ports covered by plastic
sleeves. Contaminated articles are passed into these sleeves. A seal is made
with an electric heat-sealer. In this way, the contaminated articles are
isolated in a sealed plastic bag and at the same time the end of the sleeve
attached to the box is sealed.

8.2.4 Changing Gloves on Glove Boxes

If a glove is punctured or if a hole develops due to deterioration, the glove
should be changed immediately to prevent escape of contamination. Before
attempting to change the glove a Radiation Surveyor should be called to stand by
with suitable monitoring instruments. A special technique is employed to change
the gloves on glove boxes and the technician should be familiar with this
technique before attempting a glove change.

8.2.5 Good Working Habits

- Work with the fume hood window down to ensure adequate ventilation and to
provide beta shielding. [The air velocity through the open fume hood window
should be between 0.5 - 1.25 m/s (100 and 250 ft/min).]

- Keep samples away from the front of the hood, in case they spill.
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- Arrange shielding and other materials away from the front of the hood to
reduce turbulence in the air at this point. Turbulence could result in
radioactive materials being blown back into the room, rather than being
carried up the exhaust duct to the filters.

- Keep the fume hood and glove box clean - remove unnecessary equipment.
Maintain good housekeeping.

- Shield waste containers (plastic bottles for liquids, ice cream cartons for
solids). Remove them as soon as they are full.

- Transfer surplus samples to a separate storage away from the work hood to
reduce the chance of spills and, by reducing the radiation field, to increase
the allowable working time.

- Keep your head out of the hood.

- Familiarize yourself with the fire-extinguishing procedures for the particular
hood or laboratory in which you work.

- After work wash your hands and monitor yourself.

9. DECONTAMINATION

Decontamination is the removal of radioactive material from surfaces. Much
valuable equipment is salvaged for reuse by decontaminating it.

Decontamination personnel are employed in many Active Area buildings to help
control contamination. They conduct "swipe" checks for contamination throughout
work areas on a routine basis. If contamination is encountered, they clean the
area immediately or close it off until cleaning can be accomplished.

If radioactive material spills or leaks out of some system, high levels of
radiation and contamination may result. It is important to try to confine the
spill to the smallest possible area or room. Tracking of contamination by
walking through it is to be avoided. Call the Radiation Surveyor for assistance
as soon as contamination is discovered. In many cases, rooms or equipment must
be decontaminated before maintenance groups are able to undertake repairs.

9.1 The Decontamination Centre

Items or equipment that become contaminated, if they can be wrapped and
transported readily, are sent to the Decontamination Centre (Building 507) for
cleaning.

A Radiation Surveyor or Contamination Monitor should check all items before they
are sent to the decontamination Centre. He will advise how the article should be
wrapped for shipment and will attach to it a decontamination tag listing the
building of origin, the material, the radiation and contamination levels and any
special precautions to be taken during cleaning. The tag is signed by the owner
and by the Radiation Surveyor or Contamination Monitor.

Deliveries to and from the Decontamination Centre are made routinely at a
frequency determined by the needs of each building. The driver who transports
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the article to the Decontamination Centre returns the bottom portion of the
decontamination tag to the owner as a receipt. When the article has been decon-
taminated it is returned to its owner who returns the bottom part of the tag.

9.2 Decontamination Processes

If an article is only lightly contaminated, it can often be decontaminated by
vacuum cleaning or by scrubbing with hot water and detergent.

If an article is heavily contaminated, it is sometimes flushed in a large washer
before regular decontamination is attempted. Steam and detergent cleaning has
proved effective in many cases. In other cases, soaking in a tank filled with
hot water and detergent, agitated with steam, has produced good results.

Rubbers and plastic clothing are washed in large commercial washing machines.

The decontamination processes are not always completely effective, so articles
are checked for both loose and fixed contamination. A decontamination process
tag is attached to indicate the condition of the article after it has been
"decontaminated".

A pink tag indicates that all loose contamination has been removed. If fixed
activity remains, the type and amount are shown on the tag. Since many
materials oxidize or corrode slowly in air, one must recognize the fact that
fixed activity may become loose over a period of time.

A red tag indicates the presence of loose contamination. The location, type and
amount are shown on the tag. If the contamination is on the outer surface, the
article will be wrapped before being returned to its owner. The owner must
agree to accept it in this condition before it is shipped.

10. MANAGEMENT OF RADIOACTIVE WASTES

Waste management policy at CRNL is established by the Chalk River Environmental
Authority with advice and assistance from the Chalk River Environmental Panel.
The Waste Management Operations Branch is responsible for the day-to-day oper-
ation of the Waste Management Areas in conjunction with the R. & I.S. Branc'i.

The tenets of CRNL policy are:

(a) The first consideration is the protection of the public, CRNL employees and
the environment.

(b) The quantity of radioactivity dispersed in the environment shall be as low
as reasonably achievable.

(c) All radioactive wastes, placed in the Waste Management Areas shall be stored
in a way that will allow retrieval.

(d) All storage facilities shall be designed to resist the escape of radio-
activity to the environment.

(e) Long term storage of liquid wastes is unacceptable.



- 28 -

Derived Release Limits (DRL's), based on regulatory dose limits, have been
determined for discharges of radioactivity in airborne and liquid effluents from
the CRNL site. Administrative levels, set at a small percentage of the DRL's,
have been established to regulate major facilities at CRNL.

10.1 Solid Wastes

10.1.1 Inactive Solids

Most solid wastes from the Inner Area are not contaminated by radioactivity.
Many wastes from the Active Area are also inactive. These include waste paper
from offices, packing containers from new equipment and other materials which
have not entered the active sections of the buildings concerned.

Wastes that are known to be free of contamination are placed into the inactive
disposal sheds. They are then collected and disposed of in a land-fill dump.
Since some may be burned it is important that dangerous materials be separated
and identified. This includes items such as empty single-use propane cylinders,
aerosol cans, etc.

10.1.2 Collection of Active Wastes and Preparation for Disposal

Laboratories and other buildings in the Active Area, and in some cases in the
Inner Area, are supplied with active waste cans. These are ordinary garbage
cans specially marked (yellow for incinerable, magenta for non-incinerablel to
signify that they are to be used for active wastes. A plastic bag, which is
similarly colour coded, is provided to prevent contamination of the can and to
provide containment of the waste.

Into these cans are placed dry, low-activity solid wastes. These will include
items or materials which have seen service in the active section of Active Area
buildings or in some locations in the Inner Area. When the bags are full, they
are sealed with masking tape by Decontamination Operators and placed into the
"active" disposal sheds. Some laboratories are provided with cans with
foot-operated lids so that wastes may be deposited in them without touching any
part of the can with hands or gloves.

Items for disposal must be packaged in such a manner that they can be handled
safely by disposal personnel. There must be no loose contamination on the outer
surface of the containers. Extensive use is made of sheet polyethylene or heavy
reinforced paper as a final wrapping. Radiation levels must be stated on the
forms which accompany each disposal.

10.1.3 Segregation of Solid Active Wastes

Solid active wastes are segregated according to the unshielded radiation levels
present, the physical/chemical form (i.e. incinerable, compactible, or non-
processible) and the potential for significant alpha contamination to be
present. Detailed information regarding segregation and acceptable packaging
can be obtained from the Waste Management Operations Branch or R. & I.S.
Branch.
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Incinerable and compactible waste to be sent to the Low Level Waste Treatment
Centre (WTC) must not contain significant quantities of alpha emitters or have
radiation levels exceeding 10 mGy/h (1 rad/h) beta on contact or 1 mGy/h (0.1
rad/h) at 0.3 m from the unshielded waste package. If these parameters are
exceeded, the waste is sent directly to the appropriate Waste Management Areas.
Waste that exceeds 50 mGy/h (5 rad/h) on contact or 1 mGy/h (0.1 rad/h) at 0.3 m
normally requires a shielded flask for transport.

Whether compacted, incinerated or sent directly to the Waste Management Areas,
the waste is stored in sealed concrete structures. Eventually, the waste will
be retrieved and permanently disposed of in high integrity disposal facilities
presently under design.

10.1.4 Precautions in Handling Wastes

Only dry wastes should be placed in disposal cans, since the liners will not
confine liquids. The activity level of such material should be low, otherwise
workers in the vicinity might be exposed unnecessarily to radiation.

When removing dry wastes from a fume hood or glove box, first put them in a
clean container (ice cream carton; polyethylene or paper bag) in the fume hood
or glove box. Bring the disposal can as near as practicable to the material
that is to be thrown away. Do not carry active wastes from a fume hood on one
side of the room to a disposal can on the other side of the room. The chances
of spreading contamination are too great.

Disposal cans should not be handled while wearing contaminated gloves. Remove
the gloves or else cover the handles with kleenex or some other suitable mate-
rial before touching the disposal can.

10.2 Liquid Wastes

10.2.1 Inactive Liquids

Storm sewers in the Inner and Active Areas carry surface drainage directly to
the Ottawa River.

Sanitary sewers in the Inner and Active Areas carry inactive wastes from wash
rooms and some other building drains to the sewage treatment plant and thence to
the river.

No radioactivity may be deliberately disposed of in these systems without spec-
ific authorization by the Chalk River Environmental Authority and the R. & I.S.
Branch.

10.2.2 Low Activity Liquids

10.2.2.1 Disposal to the River

Operation of the NRX reator requires approximately 240 L/s (3200 gallons of
water per minute) to cool the fuel rods. The cooling water is slightly radio-
active after passing through the reactor, due to neutron activation of oxygen
and impurities. To permit the decay of short-lived products, the cooling water
flows through two delay tanks before it is discharged to the Ottawa River.



- 30 -

Wastes from the laundry and condensate from some evaporators, are passed
directly to the river via the process sewers.

Wastes from the decontamination centre are collected in holding tanks for
sampling prior to discharge to the Ottawa River.

10.2.2.2 Disposal to Seepage Pits

The waste farm disposal system consists of collection tanks (Building 242, 243)
for wastes from active drains, a pumping station (Building 240), two undergound
disposal lines and seepage pits near the "A" Waste Management Area.

The average volume of wastes handled from the NRX and NRU reactors is around
2700 nr (600 000 gallons) per month. The average volume from the chemical an
research areas is around 900 m3 < 2 0 0 0 0° gallons) per month.

10.2.2.3 Emergency Disposal Pit

In the event of an incident necessitating the storage of a large volume of con-
taminated water, an emergency storage pit is available in the Outer Area. This
pit is in sand and is lined with sheet polyethylene. It can retain 4500 nr
(1 000 000 gallons) of water, which can be pumped in by a pipeline from the
liquid waste disposal system.

10.2.3 High Activity Liquids

10.2.3.1 Storage Tanks

Several thousand liters of high activity liquid wastes accumulated from the
operation of the Chemical Extraction Plant are stored in the Outer Area in
underground stainless steel tanks.

An ion exchange plant is operated in Building 200 to deionize water from the NRX
and NRU fuel storage bays. Approximately 450 nr (100 000 gallons) are pro-
cessed per day and returned to the bays. The ion exchange columns are regener-
ated periodically. The contaminated regenerants are evaporated and stored in
tanks.

10.2.3.2 Laboratory Wastes

Small volumes of high activity radioactive l iquid waste result from analytical
work and other procedures. They should be solidif ied and stored in that form in
the Waste Management Area.

10.3 Gaseous Wastes (See also Section 2.3)

The cooling air for the NRX and NRU reactors contains argon-41 whenever the
reactors are operating. Fission-product gases are occasionally present in the
cooling air too, even i f the reactors are shut-down. Since most of these gases
are short-lived and are only mildly hazardous compared with some other radio-
isotopes, they can be discharged safely to the atmosphere in controlled amounts.
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However, they must be well diluted with atmospheric air to prevent unacceptable
concentrations being encountered by people in the neighbourhood of the dis-
charge. To accomplish the necessary di lut ion, the gases are discharged out of a
high stack, about 1 km from occupied areas of CRNL.

Reactor cooling air is passed through high efficiency f i l t e r s , before being dis-
charged up the stack, to remove any radioactive particles that might be released
from the reactors.

Several smaller, lower stacks are used to discharge small quantities of radio-
active gases from various CRNL laboratories. Those which could release danger-
ous radioactive particles are equipped with high efficiency f i l te rs and where
appropriate, charcoal f i l te rs for the removal of radioiodines.

11. EMERGENCY PROCEDURES (See Standard Policies and Procedures 0-1)

A STAY-IN-EMERGENCY is called when a possible or real health hazard requires
everyone, unless otherwise instructed, to proceed or remain indoors.

An EVACUATION EMERGENCY is called when the health hazard requires everyone,
unless otherwise instructed, to leave the site.

Stay-in or evacuation might result from:

(a) A high radiation f ie ld ,

(b) The release of radioactive contamination or chemicals into the atmosphere in
the form of gas, smoke or dust,

(c) A f i re from which (a) or (b) might result.

Any employee who believes conditions require a STAY-IN shall report immediately
to his supervisor who, i f he agrees, shall call local 2700 and report the cir-
cumstances, the building number and Branch to the NRX CONTROL ROOM ATTENDANT.
The employee may take this action himself i f his supervisor cannot be located
immediately.

STAY-IN - A rising and fal l ing signal on the emergency sirens (lasting for 2
minutes).

(a) Remain in or go into the nearest building.

(b) Close all doors and windows.

(c) Follow any special building instructions.

EVACUATION - A continuous signal on the emergency sirens (lasting for 2
minutes)

(a) Unless specifically instructed to remain, prepare to leave the
laboratories.

(b) Leave your building safe - turn off electrical appliances, close doors and
windows.
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(c) Proceed to the bus platform. A folded handkerchief or several kleenex
tissues over the nose and mouth may be used although it is most unlikely
that a severe inhalation hazard will be present. Take your photobadge with
you, do not leave it in the racks.

(d) Walk - do not panic.

(e) Get in the first bus or car available and take your photobadge with you.

(f) You will be checked for contamination at the monitoring area near the outer
gate and you will turn in your photobadge at that location.

ALL CLEAR - A series of intermittent blasts on the Plant whistle (lasting for 2
minutes).

This indicates that the emergency has passed and that normal work may be
resumed.
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APPENDIX A

AECL Health and Safety Organization

The Health and Safety Organization of Atomic Energy of Canada Limited is set
forth in AECL publication AECL-MISC-163. Publication AECL-MISC-164 is an index
of AECL's health and safety documents.

"Responsibility for the health and safety aspects of al l operations of Atomic
Energy of Canada Limited l ies directly with management. Management is guided,
however, by the advice of certain senior staff, divisions and committees whose
functions are to specify the precautions to be taken."

Some of the advisory groups whose functions are important to safety at CRNL
are:

- CRNL Safety and Health Committee

- AECL Safety and Health Committee

- Nuclear Safety Advisory Committee

- CRNL Criticality Panel

- Accelerator Safety Committee

- Chalk River Environmental Authority and Chalk River Environmental Panel

- Health Sciences Division, CRNL

- General Services Division, CRNL

- Administration Division, CRNL

The membership and functions of these groups are given in AECL-MISC-163.
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APPENDIX B

RADIATION AND INDUSTRIAL SAFETY BRANCH SERVICES

The Radiation and Industrial Safety Branch of the General Services Division is
charged with the administration of Company policy with regard to operational
radiation and industrial safety matters at CRNL. The various regulations that
have been drawn up are contained in Standard Operating Policies and Procedures
and in AECL-356 Part I, The Health Physics Manual and Part II, the Industrial
Hygiene and Safety Manual. These reports are available to any CRNL employee.

The Chalk River Organizational (telephone) Directory lists in a detailed way the
R. & I.S. Branch offices and services. When in doubt whom to call, the main
R. & I.S. Branch Office should be contacted at Local 2500, 2293 or 2385.
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The AECL Personal Dosimeter
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