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FOREWORD

The International Atomic Energy Agency has taken a leading role in establishing international
recommendations for the safe use of radioactive materials since the late 1950s. In addition,
Regulations for the Safe Transport of Radioactive Material were published in 1961 and these
regulations have been regularly reviewed and updated since that time. Meanwhile, many of the
recommendations have been adopted, worldwide, by Member States and international regulatory bodies
as basis for the relevant national and international regulations.

In order to encourage training in radiation safety, the IAEA developed a new series on training
courses, the first of which is the Manual on Safe Transport of Radioactive Material, issued in 1991.
Because of the success of this manual and of the five training courses held in 1989, 1990 and 1991
on the safety of radiation sources, it was decided to develop a hotline on the safe use and regulation
of radiation sources. This manual may also be used at other such courses that individual Member
States may wish to sponsor. It was decided that the lecture notes and other course material from the
courses mentioned above should form the basis of this text. Although this material is used extensively
in the current publication, it has been edited and further sections have been included to provide a text
which has a logical, sequential progression, with the minimum of repetition and overlap.

The Secretariat wishes to express its gratitude to all experts lecturing in the IAEA Interregional
and Regional Training Courses on the Safe Use and Regulation of Radiation Sources for providing
the lecture notes which are the basis of this manual. Special thanks are expressed to Ms. C. Jones
(USA), Ms. A. Schmitt-Hanning (Germany) and Ms. P. Zuniga-Bello (Mexico) for their assistance in
the preparation of this manual.

For information on the IAEA programme on the safety of radiation sources, please contact:

Radiation Safety Section
Division of Nuclear Safety
International Atomic Energy Agency
P.O. Box 100
A-1400 Vienna
Austria



EDITORIAL NOTE

In preparing this document for press, staff of the IAEA have made up the pages from the
original manuscript (s). The views expressed do not necessarily reflect those of the governments of the
nominating Member States or of the nominating organizations.

Throughout the text names of Member States are retained as they were when the text was
compiled.

The use of particular designations of countries or territories does not imply any judgement by
the publisher, the IAEA, as to the legal status of such countries or territories, of their authorities and
institutions or of the delimitation of their boundaries.

The mention of names of specific companies or products (whether or not indicated as registered)
does not imply any intention to infringe proprietary rights, nor should it be construed as an
endorsement or recommendation on the part of the IAEA.
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1. INTRODUCTION

As a means of promoting safety in the use of radiation sources, as well as encouraging
consistency in regulatory control, the IAEA has from time to time organized training courses with the
co-operation of Member State governments and organizations, to inform individuals from developing
countries with appropriate responsibilities on the provisions for the safe use and regulation of radiation
sources. Three such courses on the safe use of radiation sources have been held in both the USA, with
the co-operation of the United States Government, and in Dublin, Ireland, with the co-operation of the
Irish Government.

The Training Course on the Safe Use and Regulation of Radiation Sources has been success-
fully given to over 77 participants from over 30 countries during the last years. The course is aimed
at providing a basis of radiation protection knowledge in all aspects of the uses of radiation and of
radiation sources that are used today. It is the intention of this course to provide a systematic
enhancement of radioisotope safety in countries with developing radiological programmes through a
core group of national authorities. The IAEA's training programmes provide an excellent opportunity
for direct contact with lecturers that have extensive experience in resolving issues faced by developing
countries and in providing guidance documents useful in addressing their problems. This document
uses this collective experience and provides valuable technical information regarding the safety aspects
of the uses not only of sealed and unsealed sources of radiation, but also for those machines that
produce ionizing radiation.

The first of these training courses, "Safety and Regulation of Unsealed Sources" was held in
Dublin, Ireland, June through July 1989 with the co-operation of the Nuclear Energy Board and
Trinity College. This was an interregional training course, the participants came from all over the
world.

The second and third interregional courses, "Safety and Regulation of Sealed Sources," and
"Safety and Regulation of Radiation Sources," were held at Argonne National Laboratory, Argonne,
Illinois, in 1989 and 1990, respectively.

Two regional courses on "Safety and Regulation of Radiation Sources," were held in 1991,
one in Mexico City, in Spanish, for the Latin American Region, and the other in Kuala Lumpur,
Malaysia, for the Asian Region.

1.1. COURSE OBJECTIVES

The objective of the training course for which this manual was prepared is to provide guidance
to regulators, licensing personnel, consignors, carriers, forwarding agents and emergency service
personnel on the regulations and practices for the safe use and regulation of radiation sources.

The participants of such a course would normally be officials of national authorities or
managers and technical staff from organizations undertaking or involved in the safe use of radiation
sources. It is most helpful if these persons have a suitable background knowledge of scientific
principles underlying the control of radiation hazards by engineering and operational means.

This manual is intended to provide an adequate basis for the philosophy, principles and
application of the safe use and regulation of radiation sources. Some practical reinforcement of this
knowledge is afforded by means of active participation in the course. In addition, during any course
in which this manual is used, it is strongly recommended that further reinforcement be made by visits
to the premises of suitable consignor and carrier organizations, as well as source manufacturing
facilities if possible.
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A suggested course schedule is included in Annex E. Again, while this need not be followed
rigorously, it does provide an example of how that material can be covered in five weeks. In addition,
it gives an indication of the proportionate amount of time which needs to be allocated to each section
of the manual.

1.2. COURSE OVERVIEW

After a review of radiation and radiation protection principles, the subject matter of the course
focusses primarily on the recommendations of the IAEA with their supporting guides and technical
documents. Particular attention is accorded to safety in the use of sealed sources, unsealed sources,
X ray machines and linear accelerators. Subject areas under sealed sources include industrial gamma
radiography, medical teletherapy, brachytherapy, irradiator safety, gauges, oil well logging devices,
as well as miscellaneous sealed sources.

A second main area covered by the course is the development and implementation of
recommendations of international radiation protection bodies, especially:

- the International Commission on Radiological Protection (ICRP);
- the International Organization for Standardization (ISO);
- the International Commission on Radiation Units and Measurements (ICRU);

or national bodies, e.g.:

- the National Council on Radiation Protection and Measurements (NCRP);
- the National Radiological Protection Board (NRPB);
- the American National Standards Institute (ANSI); and
- the bodies which develop regulatory safety standards for Member States.

The practical and operational aspects of organizing, implementing and enforcing a national
radiation control programme are considered in the last third of the training series. Relevant topics
include safety in the packaging and transport of radiation sources, waste management considerations,
and emergency planning, preparedness and response in the event of an accident.

1.3. COURSE IMPLEMENTATION

Normally, the subject matter provided in this manual would be divided up and taught by
specialists in each topic area. The lecturers would be drawn from the international community, national
competent authorities, and from international and national organizations experienced in radiation
safety. The lecturers would not necessarily teach directly from this text, but would certainly
supplement their presentation.

The term 'radioactive material' is used in singular in this text. In past editions of the IAEA
Regulations, the plural 'materials' was used. It was decided during the 1985 review, however, to use
the singular for radioactive material in both the title of the Regulations and throughout the regulatory
provisions. Therefore, that practice is continued here. Finally, in various places throughout this
material, the designations SS 6, SS 7 and so forth, have been used to denote Safety Series No. 6 and
Safety Series No. 7, respectively.
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2. REVIEW OF RADIOACTIVITY AND RADIATION

This chapter is included for completeness and for those persons entering radioactive material
transport from other fields, such as the transport of hazardous material or emergency services. Those
with a background in the nuclear area can skip this chapter and probably the next chapter also.

2.1. BASIC ATOMIC AND NUCLEAR STRUCTURE

2.1.1. Atoms and nuclei

The simplest unit into which matter can be broken down, and still retain its identity and
properties, is the atom. Atoms can be regarded as having two main parts. The first part is the central
core, called the nucleus, where almost all of the mass of the atom resides. Orbiting the nucleus, a
great distance away (on a nuclear scale) are very small, light weight, negatively charged particles
called electrons. Due to their velocity and number, electrons can be thought of as forming a cloud
around the nucleus.

The nucleus of the atom consists of a tightly held together group of particles, of which there
are two types: protons and neutrons. Both these particles have about the same mass, but are different
in that protons have a positive charge, whereas neutrons have no charge. The simplest possible atom
consists of only one proton in the nucleus, and one orbital electron. The proton and electron charges
cancel each other and therefore, the atom as a whole is neutral (see Figure 2.1).

HYDROGEN-1

HELIUM -4

FIG. 2.1. Atoms of different elements.

2.1.2. Elements

The number of protons in the nucleus determines what element that atom is. An atom with
one proton only is an atom of the element hydrogen. There are approximately one hundred known
elements, and these can all be seen in the periodic table of the elements (Figure 2.2). A listing of
some elements of interest is given in Table 2.1.

This list shows the element along with its symbol and atomic number. The atomic number
is nothing more than the number of protons in the nucleus. This is also the same as the number of
electrons in the neutral atom.
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FIG. 2.2. Periodic table of the elements.

TABLE 2.1. SOME ELEMENTS OF INTEREST

Atomic number (no. of protons) Element Symbol

1

2

6

7

8

11

14

15

26

27

38

47

53

55

79

82

88

92

94

Hydrogen

Helium

Carbon

Nitrogen

Oxygen

Sodium

Silicon

Phosphorus

Iron

Cobalt

Strontium

Silver

Iodine

Cesium

Gold

Lead

Radium

Uranium

Plutonium

H

He

C

N

O

Na

Si

P

Fe

Co

Sr

Ag

I

Cs

Au

Pb

Ra

U

Pu

It is difficult to get a perspective on how small a nucleus is, and how much of an atom is
actually the empty space between the nucleus and the electrons. Perhaps this illustration can help.
If all the electrons were removed from all of the atoms in a human being so that the nuclei could be
brought together to touch each other, then it would be possible to get the nuclei of 8.3 million people
in the volume of a pinhead! However, because most of the mass is in the nuclei, this pinhead would
weigh about 6 x 10s kg.
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2.1.3. Isotopes

If a neutron is added to the nucleus of the simplest hydrogen atom (originally consisting of
one proton and one orbiting electron), a different atom is formed. It has about twice the mass of the
original atom, but is still hydrogen, as it still has only one proton. This is said to be an isotope of
hydrogen, and happens to be given a special name, deuterium. If another neutron is added to the
nucleus another isotope of hydrogen is formed which is called tritium.

2.1.4. Notation

A convention which is used to enable easy reference to each isotope is the following:

Ax Z where: X is the element symbol; Z is the
number of protons (= atomic
number); A is the sum of the number
of protons and neutrons (called the
mass number).

Some examples are: 3H16;
 12C27;

 60Co; 238U92

Due to the fact that the atomic number and symbol provide the same information, the former
is often omitted; thus: 3H; 12C; 60Co; 238U. In addition, because superscripts can be slow to type
these are often typed thus: H-3, C-12, Co-60, U-238.

2.2. RADIOACTIVITY

For any element there is limited range in the number of neutrons which can be part of the
nucleus and still be stable. If there are too few neutrons or too many neutrons in the nucleus, the
atom is unstable. An unstable atom will try to become more stable by emitting energy in the form
of radiation, and it is said to be radioactive.

Radioactivity can be simply defined as that process in which unstable atoms 'try' to become
more stable by emitting radiation.

Using the previous example of hydrogen, when the nucleus consists of two neutrons and one
proton, (i.e. the isotope tritium), the atom is unstable and therefore radioactive. The combination of
one proton and three neutrons is so unstable, that for all practical purposes it does not exist.

2.2.1. Chart of the nuclides

All of the known existing isotopes (stable and unstable) can be shown on a chart such as that
in Figure 2.3. Each square represents one isotope (i.e. one combination of protons and neutrons). On
the left is shown the number of protons in the isotope and along the bottom the number of neutrons
is shown. A curved line of stable isotopes can be seen by the shaded squares on the chart. This is
called the line of stability. The chart itself is called the Chart of the Nuclides and is published with
useful information about each isotope in its square.

2.2.2. Radioactive decay and half-life

The further an isotope is away from the line of stability the more radioactive it is. When an
unstable, radioactive atom emits radiation to become more stable, it is said to disintegrate or decay.
Radioactive decay is an interesting process in that it has regular and predictable aspects as well as
totally random aspects. When any one particular atom is going to decay is random and cannot be
predicted. However, the time in which, on average, half of a certain (large) number of atoms of a
particular isotope will decay is regular, known and entirely predictable. This is somewhat analogous
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FIG. 2.3. Chart of the nuclides.

18



to the situation in which a large number of coins are placed in a tray all with the same side down.
It is known that after a thorough shake up and down, on average, half of the coins will have one side
up and half will have the other side up. However, prior to the shake it could not be predicted which
way up any particular coin would be afterwards.

So it is that each radioactive isotope has a specific known time in which half of the atoms will
decay. This is called the half-life.

If the number of atoms of a particular radioactive isotope is plotted against time, a curve such
as that shown in Figure 2.4 is obtained.

Nuabtr
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FIG. 2.4. Radioactive decay.

2.2.3. Units

The unit of radioactivity is the becquerel (Bq). One becquerel is equivalent to one atom
decaying (or disintegrating) each second. The curie is an older, and much larger, unit which is still
in use in some countries. One curie is equivalent to 3.7 x 10'° atoms disintegrating per second. This
is the activity of one gram of the naturally occurring radioisotope 226Ra.

Due to the fact that some radioisotopes are decaying more rapidly than others (shorter half-
life), equal masses of different radioisotopes can have vastly different activities. The activity per unit
mass is called the specific activity. Table AIII-1 in IAEA Safety Series No. 37 is a listing of many
radioisotopes (also known as radionuclides) together with their atomic number, half-life and specific
activity.

2.3. RADIATION

As mentioned earlier, an unstable nucleus will eventually become more stable by emitting
energy in the form of radiation. The type of radiation emitted will depend on the type of instability.
If a nucleus has too many neutrons for the number of protons (i.e. it is below the line of stability) it
will tend to become more stable by essentially converting a neutron to a proton and emitting an
electron. Electrons emitted from the nucleus are called beta particles. Typically, additional
electromagnetic energy will also be emitted. Electromagnetic energy from the nucleus is called gamma
radiation.
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If a nucleus has a large number of neutrons and protons it is very heavy and at the upper right
end of the nuclide chart. If it has too many neutrons and protons it will be unstable, radioactive, and
tend to become more stable by emitting a particle consisting of two neutrons and two protons. This
is called an alpha particle.

There are many other types of radiation energy to which humans are exposed. These include
light, heat, radio waves, TV waves, ultra-violet, infra-red, and micro wave radiation. The major
distinction between these and the radiations from the nuclei of atoms is that the latter can cause
ionization.

Ionization of an atom occurs when an electron is removed from a neutral atom, thereby
producing a pair of ions consisting of the negatively charged electron and the now positively charged
atom (Figure 2.5). This process of ionization is both a boon and a curse. It is a boon in that it enables
the radiation to be detected, and it also enables the radiation to be shielded. However, it is a curse
because it is the ionization of atoms in the human body which causes harmful biological effects.

FIG. 2.5. The ionization process.

2.3.1. Alpha radiation

An alpha particle is actually the nucleus of a helium atom because it has two protons. Due to
the fact that it is a heavy particle and that it has a charge of +2, an alpha particle will give up its
energy within a very short distance mostly by causing ionizations. The implications of this are that
alpha radiation is not very penetrating. This in turn means that it can be easily shielded. In fact most
alpha particles cannot penetrate the dead layer of cells on the skin surface and therefore do not present
any hazard while the alpha emitting radionuclide is external to the body. However, if the material gets
ingested or inhaled into the body then the alpha particles can ionize atoms in living cells. The rate of
ionization in this case is very high and significant cell damage can occur. Another implication of the
lack of penetrating power is that it makes alpha radiation very difficult to detect. Instruments with very
thin windows are required.

In summary, alpha radiation

(1) is not very penetrating and can be shielded even by a sheet of paper;
(2) is a significant internal hazard; and
(3) is not easily detected.

2.3.2. Beta radiation

Beta particles, because they are electrons, are very much smaller and lighter than alpha
particles. They are subsequently more penetrating but will travel in zigzag paths through materials.
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Their rate of ionization is much less than alpha particles. The penetration range of beta particles
depends on their energy and the density of the material they are passing through. The average energy
of beta particle will not penetrate a thin sheet of metal, and will only travel a few mm in tissue.
Hence, beta emitting radionuclides are a hazard to skin and eyes as well as a hazard if they are
incorporated into the body. Ease of detection of beta radiation depends on energy; however, all but
the lowest energies can be detected reasonably easily.

In summary, beta radiation:

(1) is more penetrating than alpha particles, but can be shielded by a sheet of metal;
(2) is an external hazard to the skin and eyes:
(3) is an internal hazard; and
(4) detection ability depends on the energy of the radiation.

2.3.3. Gamma radiation

Gamma radiation is electromagnetic radiation, as radar, radio, TV, microwave, light,
ultra-violet, and infra-red radiation. However, gamma radiation has higher energy, higher frequency
and shorter wavelength than all of these. It also causes ionization indirectly whereas the others listed
above do not ionize at all. As an aside, X rays can be generally regarded as lower energy gamma rays
which are machine produced instead of coming from a radioactive atom.

Gamma radiation is very penetrating and it is very difficult to stop it completely; however,
it can be reduced to levels which are insignificant. High density material or a lot of material is
required to shield gamma radiation. Consequently, it is relatively easy for gamma radiation to
completely penetrate through the body.

In summary, gamma radiation:

(1) is very penetrating and can be shielded by dense materials such as lead and steel;
(2) is an external and an internal hazard; and
(3) is easily detected at very low levels.

2.3.4. Neutron radiation

In addition to existing in the nucleus, it is possible to have free neutrons as a form of
radiation. Neutrons are unique among the types of radiation considered here, in that they are the only
type that can make the material through which they pass radioactive. They do this by being absorbed
by nuclei and making them unstable. This process is called neutron activation. Neutrons are very
penetrating and the ease with which they can be shielded and detected depends very strongly on their
energy. They can cause significant cell damage by indirect ionization and other processes as they pass
through the body.

2.3.5. Fission and criticality

When neutrons are absorbed by certain heavy isotopes such as 235U or 239Pu, they can make
the nucleus so unstable, that rather than emit energy just by radiation the nucleus splits into two parts
as well as emitting neutrons and gamma radiation. This process is called fission. If some of the
neutrons emitted can be used to cause further fissions then a chain reaction is initiated (Figure 2.6).
This is the reaction used in nuclear reactors where the energy from the fissions in the chain reaction
is used to heat a coolant (often water) which in turn is used to make steam, turn a turbine and generate
electricity.

When the chain reaction is self-sustaining at a constant level the reactor is said to be critical.
This requires that a certain mass of fuel material called the critical mass is exceeded. Unintentional
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FIG. 2.6. The fission reaction.

criticality, especially outside of reactors is to be avoided. For this reason strict controls are established
to ensure that reactor fuel elements are not brought together in a way which could allow them to go
critical.
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3. PRINCIPLES OF RADIATION PROTECTION

3.1. QUANTITIES AND UNITS

Before discussing dosimetric quantities, it is necessary to anticipate some of the information
on the biological effects of radiation described in Section 3.3. The process of ionization necessarily
changes atoms and molecules, at least transiently, and may thus sometimes damage cells. If cellular
damage does occur, and is not adequately repaired, it may prevent the cell from surviving or
reproducing, or it may result in a viable but modified cell. The two outcomes have profoundly
different implications for the organism as a whole.

Most organs and tissues of the body are unaffected by the loss of even substantial numbers
of cells, but if the number lost is large enough, there will be observable harm reflecting a loss of tissue
function. The probability of causing observable harm will be zero at small doses, but above some
level of dose (the threshold) will increase steeply to one (100%). Above the threshold, the severity
of the harm will also increase with dose. This type of effect, previously called 'non-stochastic', is
now called 'deterministic' by the ICRP (ICRP Publication No. 60).

The outcome is very different if the irradiated cell is modified rather than killed, however.
Despite the existence of highly effective defence mechanisms, the clone of cells resulting from the
reproduction of a modified but viable somatic cell may result in the manifestation of a malignant
condition, a cancer. The probability of a cancer resulting from radiation usually increases with
increments of dose, probably with no threshold, and in a way that is roughly proportional to dose, at
least for doses well below the thresholds for deterministic effects. The severity of the cancer is not
affected by the dose. This kind of effect is called 'stochastic', meaning 'of a random or statistical
nature'. If the damage occurs in a cell whose function is to transmit genetic information to later
generations, any resulting effects, which may be of many different kinds and severity, are expressed
in the progeny of the exposed person. This type of stochastic effect is called 'hereditary'.

3.1.1. Absorbed dose

When radiation is incident on a material it will deposit energy in that material through a
variety of interactions. Therefore, a useful measure of the amount of radiation that a material has
received is the quantity called absorbed dose.

Absorbed dose, D, is defined as the mean energy imparted by ionizing radiation to the matter
in a volume element, divided by the mass of the matter in that element.

The unit of absorbed dose is the gray (Gy), which is equal to the energy deposition of 1 J/kg.
However, because energy deposition varies for different materials, strictly speaking, the material also
needs to be specified, as in: '10 Gy in steel', or '0.1 Gy in tissue'. Some countries still use an old
unit called the rad (1 rad = 0.01 Gy).

The probability of stochastic effects is found to depend, not only on the absorbed dose, but
also on the type and energy of the radiation causing the dose. This is taken into account by weighting
the absorbed dose by a factor related to the quality of the radiation. In the past, this weighting factor
has been applied to the absorbed dose at a point and called the quality factor, Q. The weighted
absorbed dose was called the dose equivalent, H.

3.1.2. Equivalent dose

In radiological protection, it is the absorbed dose averaged over a tissue or organ (rather than
at a point) and weighted for the radiation quality that is of interest. The weighting factor for this
purpose is now called the radiation weighting factor, WR, and is selected for the type and energy of
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the radiation incident on the body or, in the case of sources within the body, emitted by the source.
This weighted absorbed dose is strictly a dose, and the ICRP has decided to revert to the earlier name
of equivalent dose in tissue or organ, using the symbol HT. The change of name also serves to
indicate the change from quality factor to radiation weighting factor. The equivalent dose in tissue
T is given by the expression

JT,R

where DTR is the absorbed dose averaged over the tissue or organ T, due to radiation R. The unit of
equivalent dose is the joule per kilogram with the special name sievert (Sv).

When the radiation field is composed of types and energies with different values of wR, the
absorbed dose must be subdivided in blocks, each with its own value of wR and summed to give the
total equivalent dose. Alternatively it may be expressed as a continuous distribution in energy where
each element of absorbed dose is multiplied by the value of wR from the relevant block in Table 3.1.

TABLE 3.1. RADIATION WEIGHTING FACTORS1

Type and energy range2 Radiation weighting factor, wR

Photons, all energies 1

Electrons and muons, all energies3 1

Neutrons, energy < 10 keV 5

10 keV to 100 keV 10

> 100 keV to 2 MeV 20

> 2 MeV to 20 MeV 10

> 20 MeV 5

Protons, other than recoil protons, energy > 2 MeV 5

Alpha particles, fission fragments, heavy nuclei 20

1 All values relate to the radiation incident on the body, or for internal sources, emitted from the source.
2 The choice of values for other radiations is discussed in Annex A.
3 Excluding Auger electrons emitted from nuclei bound to DNA.

3.1.3. Tissue weighting factors and effective dose

The relationship between the probability of stochastic effects and equivalent dose is found also
to depend on the organ or tissue irradiated. It is therefore appropriate to define a further quantity,
derived from equivalent dose, to indicate the combination of different doses to several different tissues
in a way which is likely to correlate well with the total of the stochastic effects. The factor by which
the equivalent dose in tissue or organ T is weighted is called the tissue weighting factor, wT which
represents the relative contribution of that organ or tissue to the total detriment due to these effects
resulting from uniform irradiation of the whole body. The weighted equivalent dose (a doubly
weighted absorbed dose) has previously been called the effective dose equivalent but this name is
unnecessarily cumbersome, especially in more complex combinations such as collective committed
effective dose equivalent. It has now been decided to use the simpler name effective dose, E. The
introduction of the name effective dose is associated with the change to equivalent dose, but has no
connection with changes in the number or magnitude of the tissue weighting factors. The unit is the
joule per kilogram with the special name sievert. The recommended values are given in Table 3.2.
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The effective dose is the sum of the weighted equivalent doses in all the tissues and organs
of the body. It is given by the expression

= y
£—11

/rp ' *irp

where HT is the equivalent dose in tissue or organ T and wT is the weighting factor for tissue T. The
effective dose can also be expressed as the sum of the doubly weighted absorbed dose in all the tissues
and organs of the body.

It is desirable that a uniform equivalent dose over the whole body should give an effective
dose numerically equal to that uniform equivalent dose. This is achieved by normalizing the sum of
the tissue weighting factors to one. The values of the radiation weighting factors depend on the type
and energy of the radiation and are independent of the tissue or organ. Similarly, the values of the
tissue weighting factor are chosen to be independent of the type and energy of the radiation. These
simplifications may be no more than approximations to the true biological situation, but they make
it possible to define a radiation field outside the body in dosimetric terms without the need to specify
the target organ.

TABLE 3.2. TISSUE WEIGHTING FACTORS1

Tissue or organ Tissue weighting factor, wT

Gonads 0.20

Bone marrow (red) 0.12

Colon 0.12

Lung 0.12

Stomach 0.12

Bladder 0.05

Breast 0.05

Liver 0.05

Oesophagus 0.05

Thyroid 0.05

Skin 0.01

Bone surface 0.01

Remainder 0.0523

The values have been developed from a reference population of equal numbers of both sexes and a wide range of ages. In
the definition of effective dose they apply to workers, to the whole population, and to either sex.
For purposes of calculation, the remainder is composed of the following additional tissues and organs: adrenals, brain, upper
large intestine, small intestine, kidney, muscle, pancreas, spleen, thymus and uterus. The list includes organs which are likely
to be selectively irradiated. Some organs in the list are known to be susceptible to cancer induction. If other tissues and
organs subsequently become identified as having a significant risk of induced cancer they will then be included either with
a specific wT or in this additional list constituting the remainder. The latter may also include other tissues or organs
selectively irradiated.
In those exceptional cases in which a single one of the remainder tissues or organs receives an equivalent dose in excess of
the highest dose in any cf the twelve organs for which a weighting factor is specified, a weighting factor of 0.025 should be
applied to that issue or organ and a weighting factor of 0.025 to the average dose in the rest of the remainder as defined
above.
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3.1.4. Committed equivalent dose and committed effective dose

Following an intake to the body of a radioactive material, there is a period during which the
material gives rise to equivalent doses in the tissues of the body at varying rates. The time integral
of the equivalent-dose rate is called the committed equivalent dose, HT(x) where x is the integration
time (in years) following the intake. If x is not specified, it is implied that the value if 50 years for
adults and from intake to age 70 years for children. By extension, the committed effective dose, E(x),
is similarly defined. When the Commission refers to an equivalent or effective dose accumulated in
a given period of time, it is implicit that any committed doses from intakes occurring in that same
period are included.

3.1.5. Collective equivalent dose and collective effective dose

The dosimetric quantities referred to above all relate to the exposure of an individual. There
are other quantities to take account of the number of people exposed to a source by multiplying the
average dose to the exposed group from the source by the number of individuals in the group. The
relevant quantities are the collective equivalent dose, ST, which relates to a specified tissue or organ,
and the collective effective dose, S. If several groups are involved, the total collective quantity is the
sum of the collective quantities for each group. The unit of these collective quantities is the man
sievert. When it is necessary to distinguish between a collective dose and the dose to an individual,
the latter is called the individual dose.

3.1.6. Dose commitment

The dose commitment (HcT or Ec) is a calculational tool. It can be assessed for a critical
group as well as for the whole world population. It is defined as the infinite time integral of the per
caput dose rate (HT or E) due to a specified event, such as a unit of practice (e.g. a year of practice):

or

r
J O

= f" E{t)dt

In the case of an indefinite practice at a constant rate, the maximum annual per caput dose rate
(HT or E) in the future for the specified population will be equal to the dose commitment of one year
of practice, irrespective of changes in the population size. If the practice is continued only over a time
period t, the maximum future annual per caput dose will be equal to the corresponding truncated dose
commitment, defined as

or

= r
J o

f
J o
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3.2. BACKGROUND RADIATION LEVELS

In order to have some perspective on the significance of certain radiation doses and dose rates
a scale of reference is needed. It is proposed to provide this scale by giving the lower and upper ends
of the dose rate range of interest, as well as the significant values from a regulatory viewpoint. The
lower end of the range is best communicated with reference to background radiation levels.

3.2.1. Natural background radiation

Everyone is exposed to low levels of radiation all the time. The main contributors to the
natural component of this background radiation are; external radiation from both cosmic sources and
terrestrial sources, and internal radiation from sources such as radon and potassium-40. Table 3.3
shows a summary of the average, annual, effective dose equivalent from these contributors.

The cosmic radiation dose rate is a function of altitude. In a high city such as Denver, the
dose rate is several times that at sea level, as shown. The external dose contribution from terrestrial
sources is also very dependant on the geology. For example, there are parts of India and Brazil where
people are living in very much higher than average dose rates.

TABLE 3.3. AVERAGE ANNUAL NATURAL BACKGROUND RADIATION

Effective dose (mSv/a)

External

Cosmic 0.36 (1.2 mSv/a, Denver, USA)

Rocks, soil 0.41 (20 mSv/a, India, Brazil)

Internal

Potassium-40 0.18

Radon IA2

Total (rounded) 2.4

Potassium-40 is a naturally occurring radioisotope which becomes incorporated into our food,
and hence into our bodies, exposing us continually. Radon is gas which is a radioactive decay product
of naturally occurring radium-226. It has recently been recognized that the dose from radon and its
daughter products which build up indoors is a major contributor to population dose. In countries with
climates that allow open houses the dose will be significantly smaller.

3.2.2. Man-made background radiation

In addition to the natural background, people are exposed to various man-made radiation
sources, or natural sources which are enhanced by technology. By far the largest man-made
contributor is the medical use of radiation in diagnosis. Table 3.4 lists the worldwide estimated
average of about 0.4 mSv/a, but in developed, industrialized nations the average value is much closer
to 1.0 mSv/a. The contribution from fallout resulting from the atmospheric testing of nuclear weapons
in the 1950s and 1960s is slowly decreasing.

It is difficult to give a world average for other dose contributors because although they can
be significant, they are only applicable to specific populations. Included in this category would be
doses from air travel, radium luminized watches, radiotherapy, natural gas, specific building materials
and occupational related exposures. Nuclear power is estimated to contribute an average effective dose
of 0.0002 mSv/a to the population and 5 mSv/a to radiation workers.
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TABLE 3.4. AVERAGE ANNUAL MAN-MADE BACKGROUND RADIATION

Effective dose (mSv/a)

Medical 0.4 (1.0 industrialized countries)

Fallout OJM

Total 0.41

3.3. BIOLOGICAL EFFECTS

We have several sources of information from which to learn about the radiation effects on
people.

Occupational exposure Medical exposure

Early physicists and radiologists Ankylosing spondylitis
Dentists Radiation therapy
Radium Dial Painters Diagnostic radiology
Uranium miners
Atomic energy workers

Atomic bomb victims and survivors Nuclear weapon debris fallout

Accidents Background radiation

3.3.1. Short term biological effects

Biological effects of radiation vary greatly depending on such factors as: amount of exposure,
rate of exposure, area of body irradiated, type of radiation and individual biological variability.

Relatively large doses of radiation are required to produce short term biological effects. It is
found that the effects are better correlated to the dose measured in gray than in sievert.

Generally, cells are most sensitive to radiation when they are dividing, so that the most
radiosensitive tissues are the blood forming organs, the intestinal wall, the skin and the fetus.
Conversely, the most radioresistant tissues are muscle, nerves and the adult brain, where cell
reproduction is minimal.

If enough individual cells are damaged by ionizing radiation, then specific clinical symptoms
will be evident. Most of these symptoms and effects can be classified as deterministic. A deter-
ministic effect is one in which the severity of the effect is a function of the dose, and there is a
threshold below which there is no observed effect. Figure 3.1 illustrates this relationship.

This curve shows that up to a certain dose the effect is not seen. As the dose is increased the
effect gets worse, often until the point where there is some maximum effect.

Radiation sickness is a group of symptoms which includes diarrhea and vomiting, nausea,
lassitude, haemorrhaging, emaciation, infection and if the dose is very high, death. The onset and
severity of these symptoms is mainly a function of dose.

There are three major classifications of acute (whole body) radiation syndrome. These are:
haematopoietic, gastrointestinal (GI), and central nervous (CN) system syndromes.

For the haematopoietic syndrome symptoms to occur, the acute whole body irradiation is in
the range of several gray. The LD/J0_53, that is the lethal dose for 50% of the irradiated population
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FIG. 3.1. Deterministic dose-effect response curve.

within 30 days in between 4-5 Gy. Table 3.5 shows the dose-response categories (lethality) for
specific acute whole body irradiation.

TABLE 3.5. DOSE-RESPONSE CATEGORIES

< 1 gray

1-1 gray

2-5 gray

5-7 gray

> 7 gray

Survival virtually certain

Survival likely

Survival possible

Survival unlikely

Death virtually certain

For the gastrointestinal (GI) syndrome to occur, acute doses must be within the range of
10-20 Gy. Death will be certain within 3-7 days.

The central nervous system syndrome occurs at irradiations of over 20 Gy. Death to 100%
of the irradiated population will occur within 2 days.

Table 3.6 shows the likely effects of acute whole body gamma irradiation.

3.3.2. Long term biological effects

The major long term biological effects from large, short term doses, or from smaller doses
received over a longer period of time, are an increased risk of cancer and hereditary effects.

Cancer

Cancer induction is a stochastic effect, in that the probability of the effect is a function of
dose, perhaps with no threshold. This is illustrated in Figure 3.2. The shape of the function is
uncertain; however, it is probably sigmoid in shape, as shown, but is conservatively assumed to be
linear through the origin.

Some organs are more sensitive to cancer induction than others. Among the sensitive tissues
for tumors are the female breast, the lungs, bone, thyroid and skin in that order. All radiation induced
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cancers have a long latent period before they are detected. The shortest latent period is about 10 years
for leukemia, and about 20-30 years for solid tumors.

The current best estimate of the fatality risk from radiation induced cancer is 5 per 100
person-sievert. This means that if say, 10 000 people were each given 1.0 mSv, 0.5 of them may die
20-30 years later due to a cancer induced by that dose. In that population of 10 000 people however,
about 1600 of them would die from "normal" cancers in 20-30 years.

TABLE 3.6. LIKELY EFFECTS OF ACUTE WHOLE BODY GAMMA IRRADIATION

Exposure (Sv)

0 - 0.5

0.5 - 2

2-4.5

4.5 - 6

> 6

10

50

Response

No symptoms
Note: Temporary
sterility in males at
0.3-0.6 Gy

Haematopoietic
syndrome epilation
occurs, Temporary (1-
3 years) sterility in
females occurs about 3
months after 1.1 Gy

GI syndrome
First degree burns
Permanent sterility in
females occurs at 3 Gy

CN Syndrome
Permanent sterility in
males at 6 Gy

GI and CN Syndromes

Second degree burns
appear
Third degree burns
appear

Medical care
required

No

No

Yes

Yes

Yes

Able to warn

Yes

Yes

No

No

No

Radiation death
probability

0

< 5 %

< 50%

> 50%

100%

Comments

Death > 60 d

30 d < Death
< 6 0 d

Death - 30 d

Death < 30 d

Probabil i ty
of
Effect

Dose

FIG. 3.2. Stochastic dose-effect response curve.
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Genetic effects

The risk of genetic effects of radiation is now thought to be a lot less than originally
estimated. There are only 2 probable individuals with mutations found among the more than 27 000
children born of parents exposed to relatively high doses from the atomic weapons explosions and
none at all among a similar number of offspring of people who received lower exposures.

Considering the whole population, the current best estimate of the risk of quantifiable, severe,
hereditary disease for the first two generations is 0.65 per 100 person-sievert (effective dose). For all
generations the risk is 1.3 per 100 person-sievert. If only the reproductive population is considered,
the equivalent risks are 0-1.2 and 0-5 per person-sievert respectively.

3.4. STANDARDS FOR PROTECTION FROM IONIZING RADIATION

The International Commission on Radiological Protection (ICRP) is the main body which
makes recommendations with respect to radiation protection matters in general, and dose limits in
particular. The IAEA has embodied the latest ICRP recommendations in its Safety Series No. 115-1
entitled "Basic Safety Standards for Protection against Ionizing Radiation and for the Safety of
Radiation Sources" which was published in 1994.

3.4.1. Principles

The ICRP has summarized its recommended basic system of dose limitation in terms of three
components which are interrelated:

(1) No practice shall be adopted unless its introduction produces a positive net benefit.
(2) All exposures shall be kept as low as reasonably achievable, economic and social factors being

taken into account.
(3) The equivalent dose to individuals shall not exceed the limits recommended for the appropriate

circumstances.

These three components are adopted in the IAEA Basic Safety Standards by the
abbreviated terms:

(1) Justification of practices.
(2) Optimization of protection and safety.
(3) Dose limitation.

3.4.2. Justification of practices

No practice or source within a practice should be authorized unless the practice produces
sufficient benefit to the exposed individuals or to society to offset the radiation harm which it might
cause. In the very few cases where decisions on justification are called for, the principle should be
regarded in a rather general way as a sensible statement that all the merits and all the harm associated
with the practice under consideration, (and the possible alternatives) should be taken into account in
reaching the decision.

The following practices are deemed to be not justified whenever they would result in an
increase by deliberate addition of radioactive substances in the associated commodities or products
or by activation (the production of radionuclides by irradiation).

3.4.3. Optimization of protection and safety

In relation to exposures from any particular source within a practice, except for therapeutic
medical exposures, protection and safety shall be optimized in order that the magnitude of individual
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doses, the number of people exposed and the likelihood of incurring exposures all be kept as low as
reasonably achievable (ALARA), economic and social factors being taken into account, within the
restriction that the doses to individuals delivered by the source be subject to dose constraints.

A wide range of techniques is available to optimize radiation protection. Some of these
techniques are drawn from operational research, some from economics and some from engineering.
The techniques available include procedures based on cost-benefit analysis, which have been discussed
in detail in the ICRP report on optimization of protection. It is important to recognize that other
techniques, some quantitative, some more qualitative, may also be used in the optimization of radiation
protection. The Safety Series No. 101, for example, provides practical guidance on the application of
the Basic Safety Standards to operational radiation protection, with special reference to the principle
of optimization. Clearly in day to day operations, there will be little opportunity to undertake complex
quantitative calculations to determine what is optimal, and professional judgements may need to be
made on a qualitative and, sometimes, intuitive basis.

There are nevertheless a number of situations where the formal techniques of cost-benefit
analysis can provide a valuable aid to decision making in radiological protection. Their application
is most likely in circumstances where the decisions are complex and the expenditure potentially large.
They enable the costs (including harm) and benefits associated with particular decisions to be set out
in clear and quantitative terms and, therefore, provide a useful framework within which decisions can
be taken. However, they can never provide more than an input into the decision making process. This
point is often overlooked and has led to much misplaced criticism of cost-benefit analysis as an aid
to decision making.

The use of cost-benefit analysis in radiation protection requires that the harm from radiation
be expressed in monetary terms so that the costs of protection can be directly compared with the costs
of radiation exposure. One of the difficulties that emerges from placing a cost on radiation exposure
is the implicit value then being placed on health impairment or even life itself. This raises both ethical
and moral problems. Such valuations are, however, implicit in all decisions on health and safety
where costs are a constraint and are not therefore peculiar to radiological protection.

3.4.4. Dose limitation

There are basically two requirements in setting the dose limits. The first is to keep doses
below the threshold level for deterministic effects and the second is to keep the risk of stochastic
effects at an acceptable level.

For occupationally exposed persons, the ICRP recommends a limit on effective dose of
20 mSv per year, averaged over 5 years (100 mSv in 5 years), with the further provision that the
effective dose should not exceed 50 mSv in any single year. The five-year period would have to be
defined by the regulatory agency, e.g. as discrete five-year calendar periods. It is implicit in these
recommended dose limits that a dose constraint for optimization should not exceed 20 mSv in a year.

The occupational exposure of women who are not pregnant is the same as that for men.
However, if a woman is, or may be pregnant, additional controls have been considered to protect the
unborn child. It is the ICRP's policy that the methods of protection at work for women who may be
pregnant should provide a standard of protection for any conceptus broadly comparable with that
provided for members of the general public. The ICRP considers that its policy will be adequately
applied if the mother is exposed, prior to a declaration of pregnancy, under the system of protection
of recommended dose limits for occupational exposure. On this basis, no special occupational dose
limit for women in general is recommended.

Once pregnancy has been declared, the conceptus should be protected by applying an
additional equivalent dose limit to the surface of the woman's abdomen (lower trunk) of 2 mSv for
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the remainder of the pregnancy and by limiting intakes of radionuclides to about 1/20 of the annual
limit of intake (ALI).

Principles based on comparative risks similar to those used to derive limits for occupational
exposure have been applied by the ICRP in the derivation of limits appropriate for members of the
public. This time the ICRP considered it reasonable to set the public dose limit based on a risk level
which appears to be regularly accepted by the public in everyday life, i.e. that of public transport.
From a review of the available information, the ICRP considered that a risk in the range of 1O"6 to
10'5 per year would be likely to be acceptable to any individual member of the public. Such a risk
would imply the restriction of the lifetime dose to an individual to a value corresponding to about
1 mSv/y per year of lifelong whole body exposure. Excluding the very variable exposures to radon,
the annual effective dose from natural resources is about i mSv, with values at high altitudes and in
some geological areas of at least twice this. On the basis of all these considerations, the ICRP
recommends an annual limit of effective dose of 1 mSv. These dose limits are summarized in
Table 3.7. Dose limits shall not apply to medical exposures from authorized practices.

TABLE 3.7. ICRP RECOMMENDED DOSE LIMITS'

Application

Effective dose

Annual equivalent dose in

the lens of the eye

the skin4

the hands and feet

Occupational

20 mSv/year
averaged over defined

periods of 5 years2

150 mSv

500 mSv

500 mSv

Dose limit

Public

1 mSv in a year3

15mSv

50 mSv

--

1 The limits apply to the sum of the relevant doses from external exposure in the specified period and the 50-year committed
dose (to age 70 years for children) from intakes in the same period.

2 With the further provision that the effective dose should not exceed 50 mSv in any single year. Additional restrictions apply
to the occupational exposure of pregnant women, which is discussed in Section 3.4.4.

3 In special circumstances, a higher value of effective dose could be allowed in a single year, provided that the average over
5 years does not exceed 1 mSv per year.

4 The limitation on the effective dose provides sufficient protection for the skin against stochastic effects. An additional limit
is needed for localized exposures in order to prevent deterministic effects.
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4. DETECTION, MEASUREMENT AND CONTROL OF RADIATION

4.1. DETECTION AND MEASUREMENT OF RADIATION

Several of the oldest and most widely used types of radiation detectors are based on the effects
produced when a charged particle passed through a gas. The primary modes of interaction involve
ionization and excitation of gas particles along a particle track.

4.1.1. Ionization chambers

Ion chambers are the simplest of all gas filled detectors. Their normal operation is based on
the collection of all the charges created by ionization within the gas through the application of an
electric field. The term 'ionization chamber' has come to be used exclusively for the type of detector
in which ion pairs are collected from gases.

In the presence of an electric field, the drift of the positive and negative charges represented
by the ions and electrons constitutes an electric current. If a given volume of a gas is undergoing
steady-state irradiation, the rate of ion pair formation will be balanced by the rate at which ion pairs
are lost from the volume, either through recombination or diffusion from the volume. Assuming that
recombination is negligible, and all charges are efficiently collected, the steady-state current which is
produced is an accurate measure of the rate at which ion pairs are formed within the volume.
Measurement of the 'ionization current' or 'ion current' is the basic principle of the ion chamber.
Figure 4.1 illustrates the basic elements of an ion chamber. A volume of gas is enclosed within a
region in which an electric field can be created by the application of an external voltage. At
equilibrium, the current flowing inn the external circuit will be equal to the ionization current collected
at the electrodes, and a sensitive ammeter placed in the external circuit can therefore measure the
ionization current.
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FIG. 4.1. The basic components of an ion chamber and the corresponding current-voltage
characteristics.

One of the most important applications of ion chambers is in the measurement of gamma ray
exposure. An air filled chamber is an ideal for this type of application because exposure is defined in
terms of the amount of ionizations charge created in air. The fundamental SI unit of exposure
corresponds to that amount of X, or gamma radiation which creates an ionization charge of one
coulomb per kilogram of dry air at standard temperature and pressure (STP). Under the proper
condition, a determination of the ionization charge in an air filled ionization chamber can give an
accurate measure of the exposure, and an accurate measure of the ionization current will indicate the
exposure rate.
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One popular design is called a 'free-air' ionization chamber and is used primarily for X ray
calibrations. The incident gamma ray beam is collimated so that it is confined to a region that is far
from the chamber electrodes, and secondary electron created in the sensitive volume cannot reach
either electrode. Free air ionization chambers are widely used for accurate exposure measurements
for gamma ray energies below 100 keV.

At higher energies, the larger range of the secondary electrons creates some problems. In
order to prevent the ionization loss from secondary electrons reaching the electrodes, the dimensions
of the chamber must become impractically large. Therefore, gamma ray exposure measurements at
higher energies are conveniently carried out in cavity chambers in which a small amount of air is
surrounded by a solid material (chosen to have properties as similar as possible to air).

Portable ion chambers of many designs are commonly used as survey instruments for radiation
monitoring purposes. The typically consist of a closed air volume of several hundred cm3 from which
monitoring purposes. The typically consist of a closed air volume of several hundred cm3 from which
the saturated ion current is measured using a battery powered electrometer circuit. Walls are typically
air-equivalent, and are usually made of plastic or aluminum. These instruments give relatively
accurate measurements of the exposure from gamma ray energies sufficiently high enough to avoid
significant attenuation in the walls or entrance window of the chamber, but low enough so that
electronic equilibrium is established in the walls. Figure 4.2 shows a calibration curve for two such
instruments, and illustrates the drop-off in sensitivity for gamma ray energies which are less than 50-
100 keV due to window attenuation.

Many of the common applications of ion chambers take advantage of their long term stability.
Typical operating characteristics can remain stable within +0.1% over several years, eliminating the
need for frequent calibration [4.2]. Radioactive gases can be measured by incorporating them as a
constituent of the fill gas of an ionization chamber. Entrance and exit ports are provided to the
chamber volume to allow introduction of the gas to be sampled on a continuous flow basis.

4.1.2. Proportional counters

The proportional counter is a type of gas filled detector which was introduced in the late
1940s. In common with the Geiger-Mueller tubes which are described in Section 4.1.3, proportional
tubes are almost always operated in the pulse mode and rely on the phenomenon of 'gas
multiplication' to amplify the charge collected by the gas. Pulses are considerably larger than ion
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FIG. 4.2. Energy calibration curve of two different gamma ray survey meters.
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chambers, and proportional counters can be applied to situations in which the number of ion pairs
generated by the radiation is too small to permit satisfactory use of the pulse-type ion chambers.

Gas filled proportional counters can be used to measure the energy of the particles but their
use is confined to particles with very short range because of the low density of the gas (i.e., alpha
particles, very low energy beta particles, very low energy X rays). The signal is produced by the
current resulting from ionization of the gas by the radiation. Only part of the deposited energy
produces ionization, the rest produces excitation, which does contribute any charge. On the average,
one ion pair is formed for every 34 eV of energy absorbed in air. The total number of ion pairs
produced is a measure of the total energy absorbed in the gas.

The negative electron and positive ions produced by ionization are collected by the imposition
of the electrical voltage between the central wire and the outer shell of the counting tube. The center
wire is made positive to attract the electrons. As they drift toward it, they make collisions with the
gas molecules in the detector. In between collisions, they are accelerated and given energy that may
be sufficient to ionize the molecules with which they collide. These in turn produce additional
ionization that constitutes an amplification process. There is a range of operating voltages where the
amplification charge remain directly proportional to the energy absorbed in the detector. A counter
in this range is called a proportional counter. Proportional counter amplification of the initial charge
is generally a thousand times or more.

Gas filled proportional counters can easily distinguish between alpha and beta particles through
pulse-height discrimination. For example, a 5.49 MeV alpha particle from americium-241 (Am-241)
has a range of 4 cm at STP. Since alpha particles ionize at an average 35 eV per ion pair, a Am-241
alpha particle produces 5.49 x 106/34 = 1.56 x 105 ion pairs. A beta particle would lose 0.01 MeV
in the same 4 cm, producing (at 34 eV for beta particles) 294 ion pairs. Thus, in a gas counter with
dimensions of 4 cm, the ratio of the heights of a to p pulses would be 1.56 x 10V294 = 534, and they
would be easily separable by a pulse-height discriminator. Proportional counters do not work well
with air; the oxygen has a strong affinity for electrons and prevents multiplication. A 90% argon, 10%
methane mixture is used most frequently.

Gas filled proportional counters are particularly useful for low-level alpha measurements
because they can be built with a large detection area and can have a very low background. A typical
proportional counting system and operating characteristics are shown in Figure 4.3.

4.1.3. Geiger-Mueller counters

The Geiger-Mueller (G-M) counter is probably the best known radiation detector. It is popular
because it is simple in principle, inexpensive to construct and purchase, easy to operate, sensitive and
reliable as a detector of ionizing radiation. It is particularly useful for radiation protection surveys.

Simply constructed, a G-M counter consists of a type of gas (usually helium, neon or argon)
whose molecules have a very low affinity for electrons which is placed into a conducting shell. A
positive high voltage source is then connected between the shell and the wire. Any incident particle
that ionizes at least one molecule of the gas will initiate a succession of ionizations and discharges in
the counter that will cause the center wire to collect a multitude of additional electrons. The
multiplication of charge, consisting of perhaps 109 electrons, will produce a signal of about 1 volt,
which is used to activate the counting circuit. Modern G-M tubes are similar to those first described
by Geiger and Mueller, except they are now often halogen self-quenching types and constructed with
mica windows and stainless steel bodies [4.4].

G-M tubes continue to be incorporated into a wide variety of radiation monitoring instrumenta-
tion. These instruments are used for radiation protection surveys, industrial gauging, well-logging,
fixed area monitoring, and personnel frisking for contaminations. The G-M tube types currently in
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use today are various styles of 'pancake,' 'end-window,' 'thick wall,' 'miniature,' and 'energy
compensated' G-M tubes.

Two of the more popular G-M tubes, the 'end-window' and 'pancake' detectors are in wide
use throughout the industry for monitoring (see Figure 4.4). The 'pancake' G-M tube has a steel body
with a conductive graphite coated window and circular internal anode, which together form a parallel
plate detector. This tube has a several order of magnitude range extending from a few fxGy/h (a
fraction of 1 mR/h) to over 1.0 x 104 /xGy/h (1 R/h). Figure 4.5 is a plot of dose rate versus count
rate for the 'pancake' probe. The turn-down at the high dose rates is due to the extremely high photon
fluence rate, which gives insufficient time for the true potential to recover before the gas is discharged
again.

35.1mm
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FIG. 4.4. 'Pancake' and 'end-window' Geiger-Mueller tubes.
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The end-window G-M has a very thin covering to allow low energy (i.e., beta) particles to
penetrate the window into the gas. A window thickness of approximately 30 iim is thin enough to
allow about 65% of the beta particles emitted by carbon-14 to pass through.

Windows in tubes used to detect alpha particles, which are less penetrating, should be less than
15 fim. Gamma rays do not require a special window and can penetrate the counter from any
direction.

4.1.4. Scintillation detectors and photomultipliers

When an energetic charged particle slows down in a scintillator, a fraction of the energy it
imparts to the atoms is converted into light photons. The greater the amount of energy imparted by
a particle to the scintillator, the greater the number of light photons produced and the more intense
the light signal produced in the scintillator. The light emitted from the scintillator as a result of
absorption of energy from the ionizing particle is converted to an electrical signal in a photomultiplier
tube, which consists of a photosensitive cathode and a sequence of electrodes called dynodes (see
Figure 4.6). The electrical signal is multiplier through a series of dynodes and represents a measure
of the energy deposited in the scintillator. The ability to evaluate these energies provides a means of
sorting different types of radiation and of identifying and determining the magnitudes of the radiation
sources.

Scintillators of all types of materials: gases, liquids or solids are available in all shapes and
sizes. Some are made of plastic; others are of dense inorganic material such as sodium iodide. The
larger and heavier scintillators are used to detect gamma ray photons, because their greater mass gives
them a higher detection efficiency. The two most frequent methods of using scintillation detectors:
beta counting with a liquid scintillation counter and gamma counting with a sodium-iodide solid crystal
will be described here.
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FIG. 4.6. Scintillation crystal-photomultiplier tube radiation detector.
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Liquid scintillation counting. The two radionuclides most widely used in research and
medicine are the beta emitters of carbon-14 and hydrogen-3. Because of their low energies and short
ranges in matter, the most feasible way to detect these radionuclides is to dissolve them in a liquid
scintillator. The beta particles are released directly into the medium and produce light impulses which
are proportional to their energies. This technique is extremely useful because it eliminates the
problems posed by the existence of attenuating material in external counting.

Sodium-iodide solid scintillation detectors. One of the best scintillators for detecting gamma
photons is a single crystal of sodium iodide to which has been added a small amount of thallium. The
advantages of this detector are: (1) its density (higher probability for interaction); (2) it has a high light
yield from deposited energy; and (3) it has a high atomic number (due to iodine). The gamma
interactions are more likely to result in photon absorption (all the photon energies are imparted to the
scintillator), rather than photon scattering (with only a fraction of the energy imparted). As shown
in Figure 4.7, the interaction of a 0.667 MeV gamma from caesium-137 in the sodium-iodide crystal
includes a large number of interactions with the high atomic number iodine atoms that result in
complete absorption of the gamma photons and produce the peak at pulse height 33. This peak is
generally referred to as the 'photopeak' or 'full energy peak'.

4.1.5. Semiconductor detectors - Radiation spectroscopy

Semiconductor detectors are the detectors of choice for very high resolution gamma ray
measurements. The basic detection medium is silicon or germanium. The reason for the excellent
performance of semiconductors is that much less energy is required to produce an ion pair than is
required in gases or scintillators. The average energy needed to produce an ion pair in silicon is

1000

•s 500

D

•o

c

u
o
o

200 - *x

~ 100

50

20

10

I I I I I I I I

SODIUM IODIDE
maximum

Photopeak

Compton edge

Pulse height at total energy
absorption (0.67 MeV)

1 1 1

' width at
.half.
I maximum

1
0 10 15 20 25 30 35 40

Pulse height

FIG. 4.7. Photopeak of a l37Cs 0.667 MeV gamma ray.

40



3.62 eV (300° K) and in germanium is 2.95 eV (80° K), compared to 34 eV in air and 500 eV in a
scintillator [4.5]. Thus many more ion pairs are produced per unit energy absorbed. This produces
a smaller spread in the distribution of pulses and improved resolution as shown in Figure 4.8.

I
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FIG. 4.8. Examples of good and poor resolution for a semiconductor detector.

Lithium drifted silicon detectors are generally used for alpha and beta particles. The sensitive
volume is made thicker than the maximum range of the particle in the medium. An average thickness
(depletion depth) for the sensitive volume of a silicon detector is 100 fim. Detectors with active areas
up to 900 mm2 are standard. Silicon detectors with smaller areas are offered to 500 fxm thickness (for
a range of 2.5 MeV p particles).

4.1.5.1. Lithium drifted germanium detectors

Germanium detectors operated at a liquid nitrogen temperature (77° K) are generally used for
gamma radiation. They must be thick enough to give adequate sensitivity for photon in the range of
interest. The needed thickness can be determined from the half-value layer (1.9 cm for the 0.667 MeV
Cs-137 gamma ray). The prices for semiconductor detector such as these are significantly higher than
for scintillation detectors, so Nal detectors are most commonly the detector of choice when cost is a
factor.

Lithium ions can be drifted into both silicon and germanium crystals to produce detectors.
The lithium-drifted germanium detectors or Ge(Li) must continuously be stored and operated at a
reduced crystal temperature to that of liquid nitrogen in order to preserve the lithium profile after the
drift takes place. The obligation to fill the liquid nitrogen dewar at regular interval (usually weekly)
imposes a significant operational burden on the user. Failure to keep the detector cold means that the
detector must be returned to the manufacturer for redrifting, a process that is time consuming,
expensive and not always able to bring the detector back to its original resolution. In silicon, however,
the ion mobility is low enough at room temperature to permit storage and use of lithium-drifted silicon
detectors without cooling.

The dominant characteristic of germanium detectors is their excellent energy resolution when
applied to gamma ray spectroscopy. In Figure 4.9, comparative resolution with Nal and Ge(Li)
detectors are shown for identical gamma ray spectra. The superiority of the Ge(Li) system in energy
resolution allows the separation of many closely spaced gamma ray energies, of which most are
unresolved in the Nal (Tl) spectrum.
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detector. The gamma source was from the decay of108 Ag™ and noAgm.

4.1.5.2. High purity germanium detectors

A recent development in this field is the availability of germanium in a high state of purity.
Because the impurity concentration in the germanium can be reduced, it is possible to obtain active
volumes that are comparable to those available in Ge(Li) detectors without the lithium compensation
step. These large volume detectors are usually called 'intrinsic germanium' or 'high purity
germanium' detectors.

Excessive leakage prevents the use of any germanium detector at room temperature, but the
absence of lithium compensation allows the HPGe detectors to be stored at room temperature between
uses. The gamma ray detection efficiency and response function for a HPGe detector should be the
same to those observed in a Ge(Li) detector of the same size and shape [4.1]. Although operation of
HPGe detectors continue to operate after many cycles of warming and cooling, many manufacturers
still recommend that their detectors be continuously cooled at liquid nitrogen (77° K) temperatures to
avoid potential contamination of the detector surfaces within the vacuum housing.
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4.1.6. Performance checks and calibration

Ideally, a radiation detection survey instrument should be calibrated in a radiation field
identical to the field to be monitored; for example, a meter that will be used to measure the exposure
rate around a caesium-137 irradiator should be calibrated with a caesium source attenuated to give an
energy spectrum similar to that from the irradiator. Calibrated in this way, any radiation detector
could be used to monitor exposure rates. In practice, one must rely on the energy independence of
the meter. Most instruments, however, are accurate only over a limited energy range. It is important
to know the energy response and the corrections that should be made for sources that differ from the
calibration source.

In addition to periodic (usually annually) calibration of survey meters, routine performance
checks should also be conducted. Survey meters should be checked for signs of malfunction on a
daily or 'as-needed' basis. Items such as instrument response after warm-up, battery condition, probe
condition, background readings, response to a radiation check source, and various scale operations
should be checked before each use. If any one of these parameters fails, or seems to give inaccurate
readings, do not use the instrument until properly checked out and re-calibrated.

4.2. INTERPRETATION OF SURVEY RESULTS

4.2.1. Counting statistics

Because radioactive transformations are randomly occurring events, the measurements and
reading obtained by survey instrumentation should be described quantitatively in statistical terms.
When making radioactivity measurements, one must account for background radiation, thus the net
counting rate is defined as:

net count rate = gross count rate - background count rate.

Each of these counting rates has its own standard deviation. The standard deviation of the net
counting rate is given as [4.7]

Is + Ils
tg tbg

where ag = standard deviation of gross counting rate,
obg = standard deviation of background counting rate,
rg = gross counting rate,
rbg = background counting rate,
tg = time counted for the gross count rate,
tbg = time counted for the background count rate.

The standard deviation is a measure of the dispersion of randomly occurring events around
the mean. For one standard deviation, we say that one standard deviation is 68% confidence limit.
Similarly two standard deviations represent the 96% confidence limit. If one reports data within the
limits of two standard deviations, this means that we are 96% certain that the true value lies within
the limits given.

4.2.2. Detection efficiency

Detection efficiencies are divided into two classes: absolute and intrinsic. Absolute efficiencies
are defined as:

_ number of pulses recorded
number of radiation particles emitted by source

43



Absolute efficiencies are dependent not only on detector properties but also on the details of the
counting geometry (primarily the source to detector distance). The intrinsic efficiency is defined as:

number of pulses recoided
intI number of pulses incident on detector

The two efficiencies are related for isotropic sources by:

eintr = eabs x 4n/Q

where Q = the solid angle of the detector seen from the source position.

The intrinsic efficiency of a detector usually depends primarily on the detector material, the radiation
energy and the physical thickness of the detector.

A detector with a known efficiency can be used to measure the absolute activity of a radiation
source. For simplicity, we will assume that the source emits radiation isotopically, and no attenuation
takes place between the source and the detector. From the definition of peak efficiency, the total
activity of a radiation source is defined as:

A = 3aL
(dpm) ,

Y Y

where

A = Activity of source (disintegrations per minute),
R^, = Net counts per minute (background subtracted) from the source (counts per

minute),
\y = Intensity of the gamma source (i.e., for Cs-137, Iy = 0.85) (gammas per

disintegration),
ey = Efficiency of the detector (counts/gamma).

4.2.3. Energy resolution

A definition of the detector 'energy resolution' is given in Figure 4.10. The full width at half
maximum (FWHM) is illustrated in Figure 4.10 and is defined as the width of the distribution at a
level which is just half the maximum ordinate of the peak [4.1]. The energy resolution of the detector
is defined as the F W H M divided by the location of the peak centroid, Ho. The energy resolution is
a dimensionless fraction expressed as a percentage. Semiconductor detectors used in alpha
spectroscopy can have an energy resolution less than 1%, while scintillation detectors used in gamma
ray spectroscopy normally show an energy resolution of about 5-10%. The smaller the number for
the energy resolution, the better the detector will be able to distinguish between two radiations whose
energies lie very close to each other. An approximate rule of thumb is that one should be able to
resolve two energies which are separated by more than one value of the detector FWHM.

4.3. PERSONNEL DOSIMETRY

4.3.1. Pocket dosimeters

To measure radiation dose, the response of the instrument must be proportional to the absorbed
energy. The free air ionization chamber described in Section 4.1.1 is the basic instrument that can do
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FIG. 4.10. Definition of detector resolution. For peaks whose shape is Gaussian with standard
deviation a, the FWHM is given by 2.35a.

this. One of the most common types of ionization chamber in use today is called 'pocket dosimeter.'
The standard type of pocket dosimeter is most commonly used for X or gamma radiation. It is
typically calibrated with cobalt-60, caesium-137 or radium. Pocket dosimeters discharge slowly when
they are not in a radiation field because of leaks across the insulator that separates the central electrode
from the outer electrode. A general rule of thumb is that if a pocket dosimeter leaks more than 5%
of the full scale reading per day it should not be used. Usually, two pocket dosimeters are worn.
Commonly used direct reading dosimeters that are commercially available have a range of about 0-10
mSv (0-200 raR), and read within about ±15% of the true exposure for energies from about
to 2 MeV. An auxiliary charger must be used with this dosimeter.

4.3.2. Film badges

Another commonly used form of personnel monitoring device is the film badge which consists
of two or three pieces of dental-size film wrapped in lightproof paper and worn in a plastic or metal
container [4.1]. The two films for X and gamma radiation include a sensitive emulsion and a relatively
insensitive emulsion. This film pack is useful over an exposure range of about 0.1 mSv to 18 Sv
(10 mR to 1800 R) of gamma rays. The film is also sensitive to beta radiation, and may be used to
measure beta-ray dose.

Film badge dosimetry is based on the fact that ionizing radiation exposes the silver halide in
the photographic emulsion, which results in a darkening of the film. The degree of darkening can be
precisely measured with a photoelectric densitometer whose reading is expressed as the logarithm of
the intensity of the light transmitted through the film.

Films used in film badge dosimetry are highly energy dependent in the low energy range, from
about 0.2 MeV gamma and below. This energy dependence is due to the fact that the photoelectric
cross section for the silver in the emulsion increases more rapidly than that of air or tissue as the
photon energy decreases below 200 keV. Film badges can also be used for differing energies of
neutrons as well. Using appropriate film, thermal neutron doses from 50 /*Gy (5 mrad) to 5 Gy
(500 rad), and fast neutron doses from about 40 ixGy (4 mrad) to 0.1 Gy (10 rad) can be measured.

4.3.3. Thermoluminescent dosimeters (TLDs)

Many crystals, including CaF2 containing Mn as an impurity, and LiF, emit light if they are
heated after being exposed to radiation. These types of crystals are call thermoluminescent.
Absorption of the energy from the radiation excites the atoms in the crystal, which results in the
production of free electrons and holes in the thermoluminescent crystal. Heating the crystal releases

45



the excitation energy as light. The measured light output from the crystal is proportional to the total
exposure.

TLD respond quantitatively to X-rays, gamma rays, beat particles, electrons and protons over
a range that extends from about 0.1 mGy (10 mrad) to 1000 Gy (100,000 rad) [4.7]. LiF thermo-
luminescent dosimeters are approximately tissue equivalent, because the effective atomic number of
the LiF phosphor is 8.1, while the effective atomic number of soft tissue is about 7.4. Because the
response of a LiF TLD is almost energy independent from about 100 keV to 1.3 MeV for gamma rays,
it is a very versatile dosimeter to use either as a personnel or environmental monitor of radiation.

4.4. CONTROL OF RADIATION EXPOSURE

Three key words are often emphasized when working around or with radioactive materials.
These are time, distance and shielding.

4.4.1. Elements of time, distance and shielding

Time refers to the principle that the working time while being exposed to the radiation emitted
from the source should be no longer than necessary. The longer the time one is exposed to a radiation
source, the greater the number of particles/rays incident on the body and subsequently the greater the
dose. It is necessary to emphasize minimum working times because workers will not be able to feel
the presence of radiation or any discomfort from it which would remind them to limit their working
time.

Distance refers to keeping as much distance as possible between the source and the radiation
user. Distance is very effective in reducing the intensity of radiation incident on the body from small
sources. This relationship is called the inverse square law. For point sources, the intensity varies
inversely as the square of the distance for the source. Thus, if we use a distance of 10 cm from a
source as a point of reference, the intensity at a point 100 cm away (or 102) will be 1/100 of the
intensity at 10 cm. The extra distance provided by the use of tweezers or tongs provides a reduction
of exposure from radiation.

For alpha or beta particles, shielding thicknesses greater than their range will stop all particles.
For alphas, a piece of paper will be sufficient to stop these particles.

For beta particles, however, a complication in shielding arises from the fact that when beta
particles strike a target, a fraction of their energy is converted into much more penetrating radiation.
The efficiency of X ray production increases with atomic number of the target and energy of the beta
particles. For this reason, aluminum or plastic is preferred over steel and lead to minimize the x-ray
production when shielding energetic betas. Only a few millimeters are sufficient to stop the beta
particles from all commonly used beta sources.

For gamma rays, however, every gamma ray emitted has a finite chance of passing all the way
through a medium through which it is passing. The probability that a gamma ray will penetrate
through a medium depends on many factors, including the energy of the gamma ray, the composition
of the shield, and the thickness of the shield.

4.4.2. Containment of radioactive materials

When considering protection from radiation emitted by radiation sources, the parameters of
distance and shielding are good health physics practices to be used for attenuating the radiation to
permissible levels. When dealing with radioactive contamination, the problem is to prevent the
contamination from entering the body. This can occur through ingestion, inhalation, absorption
through unbroken skin, or penetration through abrasions, cuts, and punctures. The protective measures
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are similar to those used with any other contaminant that presents an internal hazard and are generally
known as good health physics practices to those persons trained to work in a laboratory.

It is general practice to handle significant quantities of radioactive material in a hood to
prevent the release of these materials to the working environment. Typically the velocity of the air
flowing in a hood should be between 100 and 150 linear feet per minute. Gloves should be worn and
forceps used to handle sources. Hands should be washed and monitored for contamination each time
after working with radioactive materials. Although questions may arise on what levels of radioactivity
require the use of a hood, glove box or gloves, common sense and experience in working with radio-
active materials should be your guide. Every new person working with radionuclides should take strict
precautions, even at very low levels. As proper working habits are formed, the worker will gain an
appreciation of the types of hazards involved. Through experience, the worker will be able to review
and evaluate the necessary precautions and will avoid the application of excessive control measures.

One cannot overemphasize the need for using radiation monitoring equipment for hazard
control. Survey instruments are only one method of evaluating the presence or absence of
radioactivity. There are instances, for example, of errors in shipment of radioactive material, errors
in purchase orders of megabequerel (MBq) versus millibequerel (mBq), and unexpected contamination
of shipping containers. In planning any radiation protection programme, the user must be aware of
the possibilities of such errors and take reasonable measures to ensure the health and safety of the
radiation users.

4.4.3. Monitoring for contamination

Work areas should be monitored for contamination before and after work with radioactive
materials. Library books, periodicals, or reports should not be used in areas where there is a
reasonable possibility of their becoming contaminated with radioactive materials. Contaminated
equipment should be labelled, wrapped, and stored in a manner that constitutes no hazard to personnel,
and there must be no possibility of spread of contamination [4.8].

All spills of radioactive material must be cleaned up promptly. A survey must be made after
cleanup to verify that the radioactive material has been removed. Cleaning tools must not be removed
or used elsewhere without thorough decontamination.

The hazard from a contaminated surface is difficult to evaluate. The most probable
mechanism of intake of the contamination by humans is through dispersion of the contamination into
the air and subsequent inhalation. Some of the contamination may be transferred form the surface to
the hands and then from the hands to the mouth to be swallowed.

In research laboratories, where contamination on surfaces can spread to counting equipment
and complicate low level measurements, there is strong motivation to keep contamination levels as low
as possible, well below levels that could cause harm to individuals. Where low level counting is not
a factor, it is still accepted practice to keep surfaces as clean as practicable. Where work is done with
'hot particles', that is, with particles of such high specific activity that single particles small enough
to be inhaled could produce appreciable local doses, contamination control has to be very stringent.

The most widely used monitor for beta-gamma contamination is the end-window G-M tube,
generally one with a 1-inch window, with a thickness equivalent to 0.03 mm unit density material.
Unshielded 1-inch diameter tubes give count rates from the natural background of the order of 40
counts per minute. A doubling of this counting rate might be considered as a positive indication of
contamination. The best monitor for alpha contamination is one employing a proportional flow
counter with a very thin window for the detector. The bias is adjusted so only the pulses due to alpha
particles are counted.
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Monitoring for contamination is done by slowly moving the detector over the suspected
surfaces. It is very useful to have an aural signal, such as from a loudspeaker, because small increases
of radiation above the background are detected most easily by listening to the clicks. It is also easier
to pay attention to the surface being monitored if the meter does not have to be watched.
Measurement of beta-gamma contamination with a G-M counter are taken with and without adding
a shield that stops beta particles. The difference between the readings gives the contribution from beta
radiation.

For monitoring loose contamination, a wipe test is normally performed. A piece of filter paper
is wiped over an area of approximately 100 cm2 and then counted with a shielded end-window or
pancake G-M detector. It has also been found convenient to count the filter papers by means of a
liquid scintillation counting system by inserting the filter paper into a liquid scintillation vial. When
a liquid scintillation system equipped with automatic sample changer and printout is available, this
method is very efficient for processing a large number of samples.

4.4.4. Personnel contamination and decontamination

When hands, body surfaces, clothing or shoes become contaminated, steps should be taken as
soon as possible to remove loose contamination. Care must be exercised to prevent contamination on
the body from spreading or from getting into wounds. Washing with a mild soap or a good detergent
and water is usually the best initial approach. This is followed by more harsh methods when
necessary, such as a mild abrasive soap or mild organic acid.

When monitoring of hands indicates that the tips of the fingers are contaminated, clipping the
fingernails may remove most of the residual activity after washing. When other measures still leave
residual contamination on the hands, it may be worthwhile to wear a rubber glove for a day or so.
The induced sweating has been reported as very effective in certain instances.

Notification of radiation protection authorities is normally required in the event of accidents
involving possible body contamination or ingestion of radioactivity by personnel, overexposure to
radiation, losses of sources, or significant contamination incidents. Generally the user must report an
accident to the radiation protection office at his/her institution, which in turn will notify the
appropriate government agencies.

If personnel contamination is suspected, first identify contaminated areas with a survey meter.
Do not use decontamination methods that will spread localized material or increase penetration of the
contaminant into the body (such as by abrasion of the skin). Decontamination of wounds should be
accomplished under the supervision of a physician.

Irrigate any wounds profusely with tepid water, and clean with a swab. Follow with soap or
detergent and water (and gentle scrubbing with a soft brush, if needed). Avoid the use of highly
alkaline soaps (may result in fixation of contaminant) or organic solvents (may increase skin
penetration by contaminant).

Use the following procedures on intact skin:

(a) Wet hands and apply detergent.
(b) Work up good lather, keep lather wet.
(c) Work lather into contaminated area by rubbing gently for at least 3 minutes. Apply water

frequently.
(d) Rinse thoroughly with lukewarm water (limiting water to contaminated areas).
(e) Repeat above procedures several times, gently scrubbing residual contaminated areas with a

soft brush, if necessary.
(f) If the radiation level is still excessive, initiate more powerful decontamination procedures after

consultation with the radiation protection office.
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4.4.5. Control of releases of radioactive material

The following instructions cover only the radiation aspects of accidents. If injuries occur,
procedures should be co-ordinated with appropriate first aid measures, and priorities assigned to
provide necessary medical care.

In the event of an accident involving the release of significant quantities of radioactive
material, the objectives of all remedial action are to:

(a) Minimize the amount of radioactive material entering the body by ingestion, inhalation, or
through any wounds.

(b) Prevent the spread of contamination from the area of the accident.
(c) Remove the radioactive contamination on personnel.
(d) Start area decontamination procedures under qualified supervision. Inexperienced personnel

should not attempt unsupervised decontamination.

4.4.6. Response to minor spills and contamination

Most accidents will involve only minor quantities of radioactive material (i.e., microcurie
levels). These steps outline the necessary actions to help control and contain the radioactive material
in the place of use:

(a) Put on gloves to prevent contamination of hands (wash hands first if they are contaminated
as a result of accident.)

(b) Drop absorbent paper or cloth on spill to limit spread of contamination.
(c) Mark off contaminated area. Do not allow anyone to leave contaminated area without being

monitored.
(d) Notify the radiation protection office of the accident.
(e) Start decontamination procedures as soon as possible. Normal cleaning agents should be

adequate. Keep cleaning supplies to the minimum needed to do the job and place into sealed
bags after use. Proceed from the outermost edges of the contaminated area inward, reducing
systematically the area that is decontaminated.

(f) Put all contaminated objects into containers to prevent spread of contamination.
(g) Assign a person equipped with a survey meter to follow the work and to watch for accidental

spread of contamination.
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5. SAFETY IN THE USE OF UNSEALED SOURCES

5.1. TYPES AND USES OF UNSEALED SOURCES

Although the majority of alpha sources are sealed, a limited number of unsealed sources are
provided for special applications.

Special applications include:

Calibration of alpha spectrometers for energy,

Calibration of alpha detection systems for efficiency.

Methods of producing unsealed sources are various but those most commonly used include:

Electrodeposition - the alpha nuclide is electrolytically deposited from an electrolyte onto a
metallic substrate, e.g., stainless steel, which serves as the cathode.

Vacuum evaporation or sublimation - this technique has wide application since any of the
actinide or oxides can be evaporated or sublimed at high temperatures. Sources have adherent,
thin deposits.

Direct evaporation of solutions - such deposits are usually subsequently fired for adherence
properties. Sources have poor uniformity.

'Painting' technique - the active material is evaporated to dryness in a vacuum desiccator and
the residue is dissolved is an organic solvent, e.g., alcohol, together with cellulose nitrate or
other similar material. This mixture is applied to the source substrate, dried, and fired. Sources
have reasonable uniformity and good adherence.

Unsealed sources must be given special handling when used or contamination problems can
result. They should be used only in laboratory environments by persons competent in the handling of
unsealed radioactive materials.

As a manufacturing quality assurance procedure, each unsealed alpha source is tested for
leakage by an approved wipe test before the source is measured or calibrated. Thereafter, the entire
source must not be tested for leakage unless a remeasurement or recalibration follows the leakage test
before the next use of the source.

Because of the delicate nature of unsealed alpha sources, it is recommended that they be
returned to the manufacturer every two years for checking and remeasurement/recalibration.

A particular point to note is that recoil emission can give rise in vacuum systems to problems
of implantation of active materials in detectors.

Dirt and moisture on the surface of a source can affect its emission and spectrum and, since
these sources cannot be cleaned, extra care is necessary.

A check or dispersion of activity can be accomplished by wiping the back and edge of a
source and also any surface with which it has come into contact.

A check or dispersion of activity can be accomplished by wiping the back and edge of a
source and also any surface with which it has come into contact.
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FIG. 5.1. Mixed alpha reference source - Am-241, Cm-244, Pu-239 vacuum sublimed onto stainless
steel.

Examples of unsealed sources:

1. Mixed alpha reference source - Am-241, Cm-244, Pu-239 vacuum sublimed onto stainless steel.

2. Beta Kr-85 gas sources.

Typical uses for Kr-85 sources include beta thickness gauging, and beta backscatter thickness
measurement.

Kr-85 sources are routinely manufactured at both sub and super atmospheric pressures (7 atmo-
spheres is a typical fill pressure for some OEM sources).

The production procedure involves admitting Kr-85 gas into a capsule cavity via a copper fill
tube at the back of the capsule which is then cold welded by crimping followed by soft soldering to
form a final seal.

A recessed back-cap is placed over the crimp seal to provide protection for the soft solder seal.
Kr-85 sources typically have thin stainless steel or titanium windows, on the order of 0.085 mm for
stainless steel and 0.05 mm for titanium.

The capsule window is protected, when the source is not in use, by a removable brass cover.

A variety of capsule designs exist and a selection is shown in Figure 5.2.
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FIG. 5.2. Beta Kr-85 gas source.

The following quality control procedure is used for one OEM capsule design and is typical
of the control used in general for all Kr-85 sources:

All materials used in the fabrication of the capsule are checked visually and dimensionally to
ensure that they comply with detailed engineering drawings.

Each capsule is pressure tested to a minimum of 140 psi to test the integrity of the window
weld.

helium leak testing is carried out on each capsule to ensure a leak rate less than 10"8 standard
cc/second.

After the capsule is filled with Kr-85 and all sealing and welding operations have been
completed, the source capsule is twice tested for leakage in separate tests approximately two
weeks apart. If both tests show a leak rate less than 0.1 (i.Ci/day, the source can be released.

The completed source capsule is also bubble tested to verify the integrity of the weld which
joins the back cap to the capsule body.

The source is measured for emission using an ion chamber which has been calibrated with a
Kr-85 standard source.

The customer is provided with a test report which documents the leak test results and the
radiation emission measurements.
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Typical data which is engraved on source capsules include a unique serial number, trefoil,
nuclide, date and activity. A measurement of the face cover over active area of each batch of foil is
determined by alpha spectrometry. The face cover over the active area of each length of foil is
visually inspected and material with surface damage is rejected.

Blanked discs or other geometries are checked to ensure that the activity content is within
specified limits. The methods used include measurement of 50 KeV photon output and measurement
of alpha spectrum and output against calibrated standards. Not less than a 10% sample of each batch
is measured.

Each source is visually inspected to check the rolled over edge, or other means of securing
the foil in the holder, is satisfactory and that the alpha emitting surface is free from surface defects.

Each source is tested for leakage and contamination by wipe testing, acceptance limit
0.005 (iCi.

A test report is provided with each shipment of foil product which reports leak test results and
other critical data.

5.2. PERSONAL PROTECTIVE MEASURES

No unsealed radioactive materials should be manipulated with unprotected hands.

The use of containers, glassware, etc. having sharp edges should be avoided, and all operations
should be chosen to minimize the risk of damaging or puncturing the skin. Anyone who has an open
skin wound below the wrist (protected by a bandage or not) should not work with radionuclides
without appropriate approval.

Care should be taken when working with contaminated animals to avoid bites or scratches.

Glass blowing by mouth should be avoided in places where unsealed radioactive substances
are used. Glass blowing, welding, brazing, soldering, etc. should never be permitted on contaminated
equipment unless it is done in specially ventilated facilities, or unless special techniques are used to
prevent the inhalation of radioactive dust and fumes.

None of the following should be introduced or used in areas where there are unsealed
radioactive materials:

(a) Food or beverages (where necessary, drinking fountains should be provided in the vicinity);
(b) Tobacco or snuff;
(c) Handbags;
(d) Lipsticks and other cosmetics or devices used to apply them;
(e) Handkerchiefs, other than those referred to below;
(f) Utensils for eating or drinking.

Disposable paper towels and paper handkerchiefs, or the equivalent, should be provided for
the workers. Special waste bins should be available for these items, which should be treated as
radioactive waste.

Hands should be washed thoroughly before leaving areas where unsealed radioactive materials
are used (special attention should be given to the nails, in between fingers and the outer edges of the
hands).
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5.2.1. Protective clothing

Protective clothing appropriate to the risk of radioactive contamination should be worn by
every person in areas where unsealed radioactive materials are used, even if only very small quantities
of radioactive materials are manipulated.

Gloves should be worn when working with any unsealed radioactive materials to protect
against contamination of the skin, the choice of glove being determined by the conditions and the
materials being handled.

Care should be taken to avoid needless contamination of objects by handling them whilst
wearing protective gloves, this includes in particular, light switches, taps, door knobs, etc. The gloves
should be either taken off or a piece of clean material (e.g. paper) should be interposed and
subsequently discarded as waste.

A method of putting on and taking off gloves without contaminating either the skin or the
inside of the gloves should be used. This procedure is such that the inside of the glove is not touched
by the outside, nor is any part of the outside allowed to come in contact with the bare skin. Gloves
should not be re-used unless they have been positively checked and found to be free of contamination,
care being taken when checking for alpha particle or low energy beta particle contamination.

In Category V and Category IV work areas, workers should wear simple protective clothing
such as ordinary laboratory or surgical coats. In Category III and Category II areas, further protective
clothing or devices may be provided, according to the nature of the work.

The protective clothing in a Category I work area will be of a specialized nature and should
be selected on the advice of a radiation protection adviser.

When working with experimental animals, clothing proof against teeth or claws may be
desirable, and protection of the face against blood or body fluid splashes should be provided.

In all areas, the protective clothing should be clearly identified, for example by a different
color, or marking. It should never be worn outside the area for which it is designated.

Working clothes should be kept in separate cubicles or changing rooms. When changing, care
should be taken to avoid any risk of cross-contamination of personal clothing.

5.3. FACILITY DESIGN

As a general principle, work with unsealed radioactive materials should be as well isolated as
is possible from areas where more conventional hazards might create situations which could produce
or spread radioactive contamination. For example, significant quantities of inflammable liquids should
not be stored in the vicinity of much work.

Attention is drawn to the need to provide adequate services, including lighting, in areas where
unsealed radioactive materials are used since poor working conditions can be the cause of accidents.

5.3.1. Facilities for industrial uses of unsealed sources

Floors, walls and working surfaces. The floors, walls and working surfaces should be kept
free of unnecessary obstacles and constructed with materials which can easily be kept clean.

For Category V areas normal laboratory working surfaces covered with protective material
would be considered satisfactory.
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For Category IV areas the walls and ceilings should be covered with a washable, hard,
non-porous paint and the floor with such materials as linoleum, or polyvinyl chloride. The working
surfaces should be made of a smooth, non-porous material such as melamine resin, plastic laminate
or stainless steel. Corners and seams in the working surface should be avoided. When the work
involves gamma emitters, the floor and working surface should be able to support the weight of the
shielding.

For Category III areas, the walls and ceilings should be of at least the same standard as for
Category IV. The junction of floors and walls should be sealed and rounded off in order to facilitate
cleaning and form a floor well to contain spills. The working surfaces should again be continuous,
smooth and non-porous with increasing use of stainless steel surfaces. Fume hoods should be provided
and available for much of the work with radioactive materials, and should be capable of maintaining
a face velocity over the opening within the range of 0.5 to 1.0 m s'1.

For Category II areas, the design should be of at least the same standard as for a Category III
laboratory but with sufficient additional fume hoods to enable all operations to be carried out in fume
hoods. Glove boxes or other completely enclosed systems should also be provided.

Category I areas will only be used in highly specialized situations and should be individually
designed by a Radiation Protection Adviser, probably with the assistance of other specialist
consultants.

Sinks. Sinks should be provided in all situations. In general, any usual type of sink with a
smooth glazed or stainless steel finish will suffice for Category V and IV areas. For Category III and
II areas the sink should be integral with the work surface thereby eliminating joints that might
accumulate contamination. Taps should preferably be foot, knee or elbow operated in Category V and
IV areas and must be of this design in Category III and II areas. Waste systems should be designed
to minimize potential blockage points in which contamination could accumulate, and sealed systems
should always be used. Waste disposal units should be provided as necessary.

Furniture and fittings. In general there should be no more furniture and fittings than are
essential and they should be designed to minimize the accumulation of dust and contamination, and
with a view to ease of cleaning. Increasing attention to detail is necessary in moving from Category
V to Category II areas. For example, in Category III and II areas all light fittings should be totally
enclosed.

Ventilation and fume hoods. Provision for adequate ventilation should be included in the
original design of the premises. Air should always flow inwards from the clean areas towards the areas
with the greatest potential for contamination.

Routes of entry and exit for the ventilating air should be clearly defined under all conditions
of use, including open and closed positions of doors and windows and the various operating
arrangements of the fume hoods. In small laboratories it may be possible to provide the needed flow
of air simply by the exhaust system of the fume hoods but in such a case special attention must be
given to the inflow of fresh air into the laboratory under all conditions by such means as providing
adequate louvres in the doors of rooms.

Consideration should be given to any need to treat or filter incoming air. In cold climates the
problem of heating the intake air for a large group of fume hoods could be a significant task.

The siting of inlet and exhaust vents should be such as to prevent any recirculation of
exhausted air. The need to filter air exhausted from working places and fume hoods will depend on
the nature of the work and the position of the exhaust vent relative to the surroundings.
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Fume hoods should provide a regular air flow with a minimum of eddies and the face velocity
should remain relatively constant irrespective of the fume cupboard opening. A face velocity within
the range of 0.5 to 1.0 m s"1 will ensure a minimal escape of air into the adjacent work area under
typical conditions. Air flows can be checked by smoke tests and the use of flow meters. It is
recommended that the fan be placed on the exhaust side of any filter in the system. The gas, water
and electrical appliances should be operated from the outside of the fume cupboard. The inside of the
cupboard and the exhaust ducts should be as easy to clean as possible.

Laminar flow cabinets may replace fume hoods in situations where there is also a need to
prevent bacteriological contamination from the workplace entering the material preparation area inside
the cabinet (e.g. in the preparation of radiopharmaceuticals).

5.3.2. Low level radionuclide facilities in diagnostic research laboratories

In general low level laboratories and working areas will be classified as supervised areas and
will require the attention to hygiene that would be expected of a well run chemical or bacteriological
laboratory, with access limited to those whose business it is to be there. Surfaces should be easily
cleanable and sharp corners, crevices and angles should be minimized. No special plumbing is
required.

For radioimmunoassay work not involving iodination, a fume hood is not essential but personal
and environmental monitoring is required. Waste should be segregated, collected and disposed of as
for medium usage facilities (see below). Even in low risk facilities the use and disposal of radioactive
material should be localized as far as possible and warning signs should be employed at access points
so that the supervised area is clearly identifiable. It is always advisable to design with a view to
increased levels of activity being used in the future.

5.3.3. Design of medium level radionuclide diagnostic facilities

A medium facility should be specifically designed for the use of radioactive material and can
be used for operations involving significant quantities of some of the more hazardous radioisotopes
such as iodine-125 and iodine-131. This type of facility may be best compared with one dealing with
pathogenic organisms or with a laboratory handling highly toxic agents, and hence must be isolated
from heavily frequented areas. The medium level research facility should consist of a laboratory not
less than 10 m2, a store of similar size, connected by a low level laboratory, vestibule and counting
room. If further laboratories are required they should be accommodated in the same block. Active
areas should be separated from counting rooms and the unit should not be located near photographic
or food preparation areas. The vestibule should have accommodation for laboratory coats and badges
and a hand monitor should be permanently installed. The vestibule should be separated from the
medium level laboratory by a threshold which serves to draw attention to the presence of an active
area. This barrier should be clearly marked by a yellow painted strip across the full width of the
entrance of the laboratory. The laboratory should be of solid construction with all corners covered
and surfaces easily cleanable and free from joints as far as possible. Accommodation for overshoes
and laboratory coats should be available at the barrier. The use of papers and books should be
restricted.

Surfaces. All surface materials should be chosen for resistance to heat and to corrosion by
chemicals. Where special floor coverings are required consideration should be given to non slip
properties of unpigmented or lightly plasticized PVC materials. Working surfaces including surfaces
inside fume hoods, should be designed so that they will carry the weight of the necessary shielding.
When radionuclides need to be stored under refrigeration it may be necessary to refrigerate a shielded
and ventilated store room or if this is not possible to provide a suitably shielded refrigerator.

Benches. Bench tops should be impervious, easily cleanable and free from joints and sharp
angles as far as possible. Essential joints should be sealed. Bench tops should have a raised lip and
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should be equipped with a splash back. Electric conduits, pipes and light fixtures should be recessed
and enclosed to avoid dust accumulation.

Plumbing. Hand washing accommodation should be provided and sited conveniently by each
working area or near the entrance of each room where radionuclides are to be handled. It should be
possible to operate the taps without using the hands and disposable towels should be provided.

A shower should be available for use in an emergency. Sinks for washing up contaminated
articles (e.g. glassware) should be equipped with taps that can be operated without using the hands.

Drains should be connected as directly as possible to a main sewer and traps should be
accessible for periodic monitoring. Medium level drains, used for the disposal of radioactive liquids,
in accordance with the appropriate regulations should be short and be capable of taking a high water
flow. Tap outlets should be above the overflow outlet, to prevent back siphonage into the water lines
if there is a line pressure drop accompanied by a plugged sink. Taps should be aerated to minimize
splashing.

Drains. Drains from the laboratory should be connected directly to the main sewer to permit
rapid dilution and to minimize the possibility of contamination of other laboratories should the drain
become choked. All traps and sump pits should be easily accessible for monitoring and should be
labelled to indicate that they may contain radioactive material. Pipe shafts and other access openings
on floors should have a curb or upstand at each penetration to minimize contamination of lower floors
in the event of a spill.

The marking and labelling of such pipes and drains should be checked at regular intervals to
ensure that maintenance staff are able to identify any pipes that may be contaminated.

Room ventilation. Room ventilation should be designed so that air from rooms where
radionuclides are used and which could, under accident conditions, become contaminated, will not be
recirculated or taken into inactive areas. In a suite of rooms used for work at different levels of
activity, ventilation should ensure that the air flow is from low to high activity areas. Ducting should
project well clear of roof level and should be remote from air intakes.

Fume hoods and laminar flow cabinets. Fume hoods and laminar flow cabinets may
determine the rate of air change in the room. In any case the ventilation conditions should be superior
to those in general laboratories. Fume hood access should be 2 m2 and with an air flow of not less
than 0.5 m3 s"1 through the working section. Discharge from the fume hood should be independently
ducted and should not be recirculated. The fume hood should be sited so as to provide a smooth air
flow through the room and about seven air changes per hour should be allowed. Materials used for
ducting from fume hoods should be chosen with regard to ease of cleaning and replacement, chemical
resistance and low flammability. Back flow of air from the fume hood into the room owing to
variation of air flow patterns in the room, should be designed against. Fans providing air flows should
be positioned close to the ducts so as to avoid contamination and to facilitate removal and repair. For
proper air balancing, some by pass arrangements should be used to extract air from the room via the
fume hood interior when the fume hood doors are closed. Air inlet into the laboratory should be as
diffuse as possible to ensure good mixing and to minimize eddying in the presence of stagnant areas.
Provision should be made for adequate shielding above and around the fume hood.

Furniture. With a view to minimizing decontamination problems, no upholstered furniture
should be allowed in the laboratory. Essential furnishings such as laboratory stools should be kept to
a minimum and should be covered with easily cleaned non-porous surfaces. Metal furniture with
chemically inert enamel finish is desirable, as it is fire resistant and easy to decontaminate.
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5.4. SAFETY PROCEDURES

In a general Safety Guide it is not possible to include detail which is of direct relevance to
specific practices. Such detail can be found in documents intended for a much more limited range of
practices, for example in IAEA Practical Radiation Safety Manuals. However, the following principles
are common to most uses of unsealed radioactive materials and should be interpreted and applied as
is appropriate to each situation:

(a) The proven procedures of good laboratory practice will always help to minimize the spread
of radioactive contamination. Sufficient space should be available since overcrowding of work
surfaces inevitably increases the potential for accidents.

(b) Operations should be planned to limit the spread or dispersal of radioactive material. In
general, wet operations should be preferred to dry ones and transfers of material should be
minimized. Unless essential, the use of high temperatures and pressures should be avoided.

(c) Equipment, glassware, tools, etc., should be designated and marked for use in controlled areas.
All such items should be chosen with a view to ease of decontamination or acceptability for
disposal. Such equipment should not normally be removed for use in non-radioactive work.
Special consideration should be given to avoid contamination of major items which might
need to be transferred to non-radioactive work for economic reasons.

(d) Barriers and change areas should be maintained at points of access to controlled areas, with
facilities appropriate to each situation.

(e) Any item leaving a controlled area should be checked to ensure that residual contamination
does not exceed that acceptable for the area into which it is going.

(f) No person should leave a controlled area without checking at least hands, clothing and shoes
for contamination. Suitable equipment should be available at all necessary locations to
facilitate these checks. Local instructions should be posted to give reference levels for personal
contamination, and the actions needed should these levels be exceeded.

(g) Work with unsealed radioactive materials should, as far as is possible, be restricted to a
minimum number of locations. This enables safety features, instrumentation, and supervision
to be concentrated to best advantage.

(h) In some establishments, work with unsealed radioactive materials has to be carried out in areas
where non-radioactive work is also undertaken. In such situations the work with radioactive
materials should be confined to designated locations within the work area, and designated
equipment should be restricted to those locations.

(i) Manipulations should be carried out over drip-trays to minimize the effects of breakages or
spillages. Work surfaces should preferably be protected with an impervious covering, which
should in turn be covered with absorbent material to contain spills. Such covering should be
changed as frequently as is needed to prevent any accumulation of contamination.

(j) Handling tools and equipment used should be placed in non-porous trays on absorbent
disposable paper which should be changed frequently. Pipettes, stirring rods and similar
equipment should never be placed directly on the work surface.

(k) After use, all vessels and tools should be set aside for special attention when cleaning.
(1) Mouth operated pipettes must not be used in areas where unsealed radioactive materials are

used. A rigid ban must be enforced on smoking, eating and drinking in all such areas.
(m) Strict control of radioactive waste should be exercised at all times.

Categorization of work areas. The amount of unsealed radioactive material which can be
safely used in any particular situation depends on:

(i) the degree of protection afforded by the design of the workplace in which the material is used,
as reflected by the 'categorization' of that workplace;

(ii) the radiotoxicity of the material, which is reflected in the annual limit on intake (ALI);
(iii) the nature of the material and of the operations involved in its use;
(iv) the external radiation hazard associated with the material.

58



These factors can be combined into a scheme to provide guidance and a structure within which
decisions can be made regarding the categorization of work areas in which unsealed radioactive
materials are used. It is stressed that with such a complex subject no guidance can be complete and
the practical implementation will always require professional judgment from radiation protection
adviser. The scheme can be used for either of the following purposes:

(i) at the design stage, to assist in the determination of the categorization of workplace needed
for the use of given quantities of unsealed radioactive materials;

(ii) in the case of an existing situation, to provide guidance for determining whether the facilities
available in a given workplace (i.e. the categorization) are appropriate for the quantities of
unsealed radioactive materials that are already in use or are proposed.

5.5. STORAGE OF RADIOACTIVE MATERIAL

5.5.1. Design of storage areas

When not in use, all radioactive material must be stored in a designated secure area approved
and assigned for this purpose only. This excludes temporary storage of radioactive materials during
their manufacture. Storage locations should be adequately shielded and properly identified. The
operating management should appoint a custodian to take full responsibility for the use and
maintenance of each storage area, and the maintenance of associated accountancy records. Storage
locations should be selected so as to minimize the effects of fire or water damage. Exit from the
storage area should be possible at all times.

Regular inspections should be made of storage locations to include:

(i) the continuing acceptability of security arrangements;
(ii) the continuing acceptability of warning notices and, where appropriate, safety systems;
(iii) measurements of dose rates and contamination levels.

Conditions of storage. All radioactive materials should be in proper containers which have
been selected with due regard to the activity, physical, and chemical nature of their contents.
Containers must be clearly and unambiguously labelled to provide necessary information concerning
their contents.

Containers holding liquids should preferably be placed in subsidiary unbreakable vessels able
to hold or absorb the entire contents of the container.

Beta emitting radionuclides should be kept in containers which are thick enough to provide
adequate shielding for the primary radiation, but it should be noted that high intensity sources can
produce considerable bremsstrahlung radiation requiring additional shielding.

Materials giving rise to a significant external radiation hazard should be stored in such a way
that adequate protection is provided for persons working in the storage area.

If a storage area is to contain materials which might create significant accumulations of cases
or vapors, it must be provided with a means for mechanical ventilation prior to entry.

Special consideration should be given to materials whose chemical or physical forms present
a potential storage hazard. This includes thermally unstable solutions, hazardous chemicals, and
volatile or readily combustible materials. Precautions include the use of vented containers, subsidiary
containments and the provision of special facilities in which to open and dispense such materials.
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5.5.2. Accounting for radioactive materials

Only persons authorized by the operating management should introduce into or remove
radioactive materials from their place of storage. All such movements require notification to the
custodian of the storage area.

All incoming shipments of radioactive materials should be immediately logged into the
accountancy record. The activity, chemical and physical form, and any special instructions should be
recorded.

Complete records regarding all radioactive materials should be maintained in respect of each
storage location and should reflect day-to-day use of the radioactive materials, including details of any
temporary storage locations. The records should include times of removal of materials and their return,
amount of activity removed from the stock of unsealed material, where applicable, and the name of
the person responsible. Records should be regularly corrected to allow for radioactive decay and
therefore to indicate the true radioactive content; this is facilitated by the use of computer based
records.

A general inventory should be taken periodically under the supervision of the custodian of
each storage area. Where a number of separate storage locations are in use the operating management
should also maintain a central record of all radioactive materials under its jurisdiction updated on
perhaps a monthly basis. This central record may therefore exclude day-to-day movements and details
of temporary storage locations. At intervals not exceeding twelve months, the validity of this central
record should be checked by means of an inventory which is independent of the custodians of the
separate storage areas.

Radioactive material which has not been used for three years should be sent for proper
disposal, unless a strong case can be made for its retention.

5.6. CONTROL OF AIRBORNE CONTAMINATION

Radioactive contamination of the air in the work area should be reduced to as low as
reasonably achievable. All operations likely to produce significant airborne contamination through the
production of aerosols, smoke or vapor should be carried out in a fume hood or glove box, as
appropriate.

The aim should be to improve collective protection by the provision and operation of safe
work places and by safe methods of work, thereby avoiding the need for individual protection by the
use of respirators, compressed air masks, whole-body enclosing suits, etc. Conditions which require
extended use of respirators should not normally be tolerated.

When the airborne contamination level cannot be maintained below the levels set by the
operating management, appropriate individual protection against airborne contamination must be
furnished to the workers.

Respirators should be of a form approved by a recognized testing laboratory for the class of
service required, and the practical limits of use should be known and observed. They should be
capable of standing up to the conditions of use and should be checked and tested periodically.

Respirators should be individually fitted and tested for adequacy of fit. Users of respirators
must accustom themselves to the discipline necessary in their use, otherwise harm is likely to be done
by introducing contamination under the face-piece.
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5.7. DECONTAMINATION PROCEDURES

The overriding consideration when dealing with a contamination incident is to avoid, as far
as possible, unnecessary spread of the contamination. As a general principle this will mean attempting
to contain the contamination within a restricted area around the original site of the incident and
conducting as much decontamination as is possible either within or close to this area. Such principles
will almost always be able to be satisfied in the case of minor incidents, but other provisions may be
necessary as the severity of the incident increases. Whenever there is a need to move items out of the
restricted area they should always be wrapped to contain the contamination. These considerations apply
equally to personal contamination and to contamination of equipment and facilities.

It is essential that decontamination is only undertaken by properly informed and trained staff,
using procedures and facilities that restrict doses to as low as is reasonably achievable. When personal
decontamination is involved, all but the most simple procedures are likely to require a varying degree
of medical or first aid knowledge and expertise.

5.7.1. Personal decontamination

The objective of personal decontamination is to minimize the dose to the body and the skin.
Decontamination techniques should remove or reduce the externally or internally deposited
contamination. In this context contamination is regarded as internal once the body's outer defenses are
breached, as in the case of a contaminated wound.

Written policies and procedures should be developed outlining methods for on-site
decontamination and associated first-aid. All persons working with unsealed radioactive materials
should be fully acquainted with these procedures, and, in particular, should be aware of their
limitations.

5.7.1.1. External decontamination

Prior to attempts to decontaminate externally deposited radioactive materials, all contaminated
clothing should be removed. A radiological survey should be made and the results can be conveniently
recorded on an anatomical chart for reference. Any skin swabs, nasal blows or other biological samples
should be retained in case they are needed to provide information in support of an assessment of the
incident. Contaminated clothing and skin swabs often provide a means for the most rapid identification
of the radionuclide(s) causing the contamination.

Uninjured persons can frequently decontaminate themselves if given proper instructions. They
must be carefully monitored by someone experienced with decontamination techniques and the use of
radiation survey instruments. For injured persons, partial or complete external decontamination may
be performed at the site if the medical condition permits and a delay in transport to the medical facility
does not compromise medical care.

If contamination is localized over a limited body area (eg. hands, feet, neck, hair or face),
these areas should be cleaned by gently washing with soap solution and water, but avoiding hot water.
For more generalized contamination, the person can shower followed by a complete radiological
survey. Special attention should be given to body folds, the hair, fingernails, buttocks and inguinal
area. Eyes and ears should be immediately irrigated but medical advice should be sought before other
decontamination methods are attempted.

Care should always be taken to avoid spreading contamination over the skin surface.
Techniques should be used that limit contaminant spread (i.e. start on the outer perimeter of a
contaminated area and work toward a central point). Special care must be exercised to avoid spreading
contamination towards the eyes, nose or lips.
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TABLE 5.1. EXAMPLE FOR MODEL REGULATIONS ON STORAGE AND MOVEMENT OF RADIOACTIVE
SUBSTANCES

Radioactive substances which are not in use should be kept in a properly designed store unless their
removal from the working area is likely to result in a greater hazard to the persons concerned. The
arrangements made should provide security against loss or theft and damage by fire as well as
protection against radiation hazards.

The employer should appoint one or more custodians to be responsible for the security during storage
of all radioactive substances at the establishment and for all necessary records.

If, exceptionally, no custodian is appointed, the local rules should define how the custodial duties
assigned in these guidance notes are to be performed.

Radioactive substances issued from a store should be in the care of responsible individuals at all times
until their return or disposal. The local rules should state the responsibilities of individuals, including
patients, for the care of radioactive substances.

Design of storage areas

A storage area for radioactive substances may be a room or separate space outside the working area,
or it may be a cupboard, safe or drawer often situated in the working area. The former type of storage
area is preferable for long term storage and the latter for short term storage, for instance, of
radiopharmaceuticals which are prepared for administration. Both types of storage areas are likely to
be needed.

Radioactive substances should be sited near working areas and designed so that all persons are
adequately protected during both storage and transfer of substances to and from the stores. Shielding
should be provided so that the radiation dose rate at any accessible position outside the store does not
exceed 7.5 fiSv h"1. The radiation dose rate inside the store should not normally exceed 0.2 mSv h"'
at 5 cm from any source, source container or shielded compartment, or 2 mSv h"1 where only the
hands of a person can enter that store.

Shielding for radioactive substances should take account of scattered radiation and source distribution.
It is not sufficient to place large activities behind a barrier, no matter how thick, if the radiation
scattered around it presents a hazard. Advantage can sometimes be taken of self-shielding, e.g., by
arranging a group of spent radionuclide generators so that the one with the highest activity is at the
center.

Unless only a few sealed or solid sources are to be stored, or the dose rates in their vicinity are low,
a number of separate compartments (e.g. drawers) should be provided in the storage area so that the
total stock can be sub-divided. A separate compartment should normally be provided for each different
type of source, while several compartments should be provided for each type when the number of
sources is considerable. An individual compartment should not normally contain more than 20 sources,
or a total activity exceeding about 100 GBq of l37Cs or its equivalent in MBq MeV. Each compartment
should be so marked as to permit easy identification of the contents. In addition the storage area
should be ventilated by mechanical means when radioactive gas, dust or vapor is liable to be present.
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TABLE 5.1. (cont.)

The mechanical means may be an extractor fan which should operate for a sufficient time to disperse
any airborne radioactivity before the room is entered or the cupboard opened and while persons are
present in the store room or close to an open store cupboard. Filters are unnecessary for the amount
of radioactivity normally stored in hospitals and are, in fact, undesirable because they create
maintenance and disposal problems.

The storage area should be sited and constructed with due regard to the radiation hazards which may
arise from stored radioactive substances in the event of fire and flood. Advice on these matters may
be sought from both the Health and Safety Executive and the Chief Fire Officer. Paraffin wax used
as a neutron moderator may be kept in the store provided that it is in a closed metal container.

A warning notice should be displayed outside the store. This notice should list the principal contents
of the store: this can be of help in cases of emergency. Alternatively, the maximum activity of the
principal radionuclides likely to be in the store may be indicated.

Under certain circumstances it may be necessary to store substances at reduced temperatures.
Refrigerators or deep freeze units may be used provided that they are set aside for this and associated
purposes.

Radioactive material storage areas should be kept locked for security purposes.

Except for generators producing short half-life daughter products, e.g. 85Krm, a radionuclide generator
in current use should remain in the dispensing laboratory and may be kept inside a contained work
station. The work station or laboratory should be kept locked when not in use. Spent generators
awaiting disposal should be moved to either the storage area or to the radioactive waste disposal
facility.

Mobile and portable equipment containing sealed sources, e.g, low activity after-loading equipment,
should be moved to a store or to a secure place when not in use.

Special precautions for storage of unsealed radioactive substances

Fragile containers, such as glass vials, should be stored inside robust leakproof containers with
absorbent packing. If not for immediate use, the containers should be kept in an approved radioactive
material storage area.

Some chemically unstable solutions containing radioactive substances can be hazardous and should be
stored in vented containers and kept in ventilated storage areas. Examples include nitric acid or other
oxidizing solutions containing traces of organic material, peroxides and chlorates.

Special care should be taken when opening containers of radioactive substances which have been kept
in store for more than a few months and where there may be a risk from bursting or frothing. They
should be opened only over a drip tray in a safety cabinet.

Solutions stored in refrigerators or cold storage units should be in suitable containers which will not
crack at low temperatures.
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Following each decontamination attempt the skin should be thoroughly rinsed with tepid water,
dried, and remonitored. Clean towels must be provided following each washing. Soap, mild detergents
and approved chelating agents are generally all that are needed for skin decontamination and are the
only materials that should be freely available in the workplace. In all cases washing must be gentle
so that mechanical and chemical irritation of the skin is minimized. Special medical attention should
be sought if washing appears to be ineffective and the skin contamination is not reduced to acceptable
levels after several mild washings.

Items and materials that have been used for personnel decontamination should subsequently
be treated as radioactive waste and treated accordingly.

5. 7.1,2. Internal decontamination

A problem in the early management of persons internally contaminated with radioactive
materials is that the extent and magnitude of internal contamination is unknown. Thus, a detailed
history of the accident or incident is often important and must be recorded at the earliest opportunity.
The initial measurements and any samples obtained can provide important evidence.

Any wound acquired in the presence of contamination must be considered contaminated until
proven otherwise. Wound monitoring can be difficult and may not be possible (e.g., alpha contamin-
ation). Consequently the implement causing the injury should be retained for subsequent monitoring.

Contaminated wounds require immediate attention and medical advice should always be
sought. Conventional wound care has priority over attempts of decontamination. Serious wounds
should not be decontaminated on-site, rather cover them with a clean dressing, control bleeding, and
seek medical assistance. For minor wounds decontamination with running water or saline should be
accomplished as soon as possible. Bleeding should be encouraged for minor wounds only.

Contamination that has passed into the body (i.e. by inhalation, ingestion or translocation from
a wound or from skin) is a medical problem requiring specialist advice. There are conventional
methods, to be used under medical supervision, for removing or enhancing elimination of internally
deposited radioactive material. When an operating management identifies that its work could create
a positive need to use such methods, it should set up formal arrangements with a specialist consultant
or organization. Otherwise there should be an awareness of the availability of such methods but no
action need be taken unless a sufficiently serious accident occurs.
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6. SAFETY IN THE USE, DESIGN AND FABRICATION OF SEALED SOURCES

6.1. MANUFACTURE OF SEALED SOURCES

In simplest terms a sealed source is a device that safely retains a radionuclide while optimizing
the desired radiation output with respect to local environmental conditions. Whether the desired
emission is to be alpha, beta (positron), gamma, neutron or even combinations of two or more
emission types, there exists an extremely wide range of source designs to ensure safe usage. An
illustration of such a range is provided by the radionuclide Cs-137; at the lightweight end of the design
range exists the beta conversion electron source that allows Cs-137 (3's to be utilized in laboratory
environments; a step towards greater source integrity is employed in Cs-137 resin dose-calibration
sources used for their output in the calibration of pharmaceutical dose-calibrators; a 'middle-ground'
example of source integrity is shown by single encapsulated Cs-137 gamma sources installed in a fixed
location within an industrial gauging device; towards the top-end of integrity standing are sources used
in medical therapy whether for interstitial, intracavitary or external beam therapy; the 'heavy' end of
the source integrity scale is well represented by the often multi-encapsulated devices used in oil well
and mineral logging applications.

Contained activity is obviously one of the prime parameters for source design. Generally
speaking, the greater the contained activity, then the greater the integrity demanded by the source
design. This is a logical conclusion as the consequences of a 'failed' or 'leaking' source are obviously
greater with sources that contain larger activities. However, sealed sources are utilized for their
emission and while it may make sound sense, in terms of minimizing product liability, to encapsulate
an alpha source in an oil well logging source 'pressure vessel' the sealed source would be useless as
an alpha emitter.

6.1.1. Chemical and physical form

Sealed radiation sources are designed such that in the event of a catastrophic failure the spread
of radioactive contamination is minimized. This is not only for consequential clean-up or
decontamination reasons, but also with respect to possible radiotoxicity of the contained radionuclide.

The dispersion of contamination by water is always a prime consideration and one of the
simplest methods of minimizing the attendant risk is to incorporate the radionuclide into a ceramic
form. Generally speaking, ceramics have maximum leach resistance and great compressive strength.
Manufacturing ceramics involves high temperature processing, which poses significant difficulties for
the manufacturer, particularly with remote handling. It is also pertinent to record here the apparent
dilemma whereby a manufacturer produces a sealed source containing the radioactive component
bound into a chemically inert solid form - which militates against eventual recycling of the
radioactivity at the end of the sealed sources' useful life.

In certain source designs it is not possible to achieve the users' required emission by
incorporating the radionuclide into a ceramic or glass. This is effectively the result of 'dilution' of the
activity by the other chemical compounds that make up the ceramic. A case in point is illustrated by
large multi-curie Cs-137 sources where the active dimensions are minimized and the radiation output
maximized by the use of caesium sulphate or caesium chloride pellets. The chloride form is very
soluble in water so particular attention is given to capsule design (double encapsulation) and the
quality assurance and control that goes into the source manufacture.

The form of radioactive material in commercially available sealed sources can be solid, liquid
or gaseous.
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6.1.2. Materials of construction

Again, bearing in mind the required emission from a sealed source user, a very wide range
of encapsulation materials are used. As high energy gamma sources are most prolific in industrial
applications, type 316L stainless steel tends to be the most widely utilized encapsulating material. Low
carbon content is specified to assure weld integrity. In certain high risk applications vacuum remelted
316L stainless steel has been specified in order to reduce the statistical probability of defects arising
from the existence of non-metallic inclusions that are inherent in all stainless steels. Not only is type
316L a satisfactory material for welding but it also possesses good strength and corrosion resistance
properties.

When a low energy gamma emitter is encapsulated it may be necessary to have a thin-window
at the emitting face of the sealed source. The window material may be identical to the body of the
radiation source or dissimilar, e.g. a beryllium window on a stainless steel body, to minimize
attenuation of the low energy gamma photons used in X ray fluorescence applications. These sources
are used in-device and obtain further protection from the instrument itself. However, in the case of
low energy gamma wind-out type radiography sources used in rigorous industrial radiography
applications, commercial purity titanium is used to minimize output attenuation by the encapsulation
metal.

6.1.3. Methods of fabrication and sealing

Tungsten inert gas (TIG) welding is the major closure technique used in the manufacture of
sealed sources. The technique is readily applicable to stainless steel and titanium. TIG welding is an
autogenous technique whereby closely fitting components are welded together without the need for
an extraneous filler metal; not only does this engender high integrity source manufacture but also is
relatively amenable to remote control operation.

Laser welding of source capsule components has made a significant impact on the welding of
thin windowed sources and on sources that are particularly sensitive to temperature rise as a result of
the welding process. Perhaps the most significant advance made as a result of the availability of laser
welding has been the introduction of smaller/miniature sources that have applications in medical
therapy.

In the case of alpha foil manufacture a sealed source construction is achieved by a
metallurgical fabrication route that produces an intrinsic 'thin-window.' This and other examples will
be examined in greater detail later.

6.2. TESTING OF SEALED SOURCES

6.2.1. Prototype testing

The fitness for purpose philosophy has, over the years, been codified by the International
Organization for Standardization (ISO), the British Standards Institute and the American National
Standards Institute. The codification process has resulted in a series of standard tests that have to be
performed on prototype source capsules. To achieve acceptance for their intended application prototype
capsules have to 'pass' certain minimum criteria that are indicators of encapsulation integrity.
Table 6.1 shows how the many applications of radiation sources have been divided, together with the
codified minimal performance criteria demanded. The performance criteria are codified in a series of
tests: TEMPERATURE, PRESSURE, IMPACT, VIBRATION, PUNCTURE.

Table 6.2 delineates a classification of sealed source performance standards whereby increasing
test severity is synonymous with an increasing numerical code 1 through 6 (although provisions for
special tests are available - Code X).

66



TABLE 6.1. SEALED SOURCE PERFORMANCE REQUIREMENTS FOR TYPICAL USAGE

Sealed Source Usage

Radiography-Industrial Unprotected source
Source in device

Medical Radiography
Gamma teletherapy

Gamma gauges (medium Unprotected source
and high energy) Source in device

Beta gauges and sources for low energy gamma gauges
or X-ray fluorescence analysis (excluding gas filled
sources)

Oil Well logging

Portable moisture and density gauge (including hand
held or dolly transported)

General neutron source application (excluding reactoor
start-up)

Calibration sources - Activity greater than 30/^Ci

Gamma irradiators' Categories II, III, IV

Ion generators2 Chromatoography
Static Eliminators
Smoke Detectors

Sealed Source Test and Class

Temperature

4
4

3
5

4
4

3

5

4

4

2

4
4

3
2
3

Pressure

3
3

2
3

3
3

3

6

3

3

2

3
3

2
2
2

Impact

5
3

3
5

3
2

2

5

3

3

2

4
3

2
2
2

Vibration

I
1

1
2

3
3

2

2

3

2

1

2
2

to
 

to
 

—

Puncture

5
3

2
4

3
2

2

2

3

3

2

4
3

1
2
2

1. For the purposes of this standard, gamma irradiators have been divided into four distinct categories
Category I - Self-Contained-Dry Source Storage Category II - Panoramic-Dry Source Storage
Category III - Self-Contained-Wet Source Storage Category IV - Panoramic-Wet Source Storage

2. Source-device combination may be tested.
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TABLE 6.2.CLASSIFICATION OFSEALED SOURCEPERFORMANCESTANDARDS (ISO 2919)

Test

Temperature

External
pressure

Impact

Vibration

Puncture

Class

1

No test

No test

No test

No test

No test

2

-40°C (20min)
+80°C (lh)

25 kPa absolute
to atmospheric

50 g from 1 m

3 times 10 min
25 to 500 Hz at
49m/s2(5g)1)

1 g from 1 m

3

-40°C (20min)
+180°C(lh)

25 kPa absolute
to 2 MPa
absolute

200 g from 1 m

3 times 10 min
25 to 50 H at
49m/s2(5g)1) and
50 to 90 Hz at
0,635 mm
amplitude peak
to peak and 90
to 500 Hz at 98
m/s^lOg)1'

10 g from 1 m

4

-40°C (10m in)
+400°C (lh)
and thermal
shock 400°C to
20°C

25kPa absolute
to 7MPa
absolute

2 kg from 1 m

3 times 30 min
25 to 80 Jz at
a, 5 mm
amplitude peak
to peak and 80
to 2000 Hz at
196 m/s2(20g)1)

50 g from 1 m

5

-40°C (20 min)
+ 600°C (lh)
and thermal
shock 600°C to
20°C

25 kPa absolute
to 70 MPa
absolute

5 kg from 1 m

300 g from 1 m

6

-40°C (20 min)
+800°C (lh)
and thermal
shock 800°C to
20°C

25 kPa absolute
to 170 MPa
absolute

20 kg from 1 m

1 kg from 1 m

X

Special test

Special test

Special test

Special test

Special test

''Peak acceleration amplitude



The ISO 2919 minimum performance requirements are recommendations that take into account
normal usage and reasonable accidental risks, but do not include exposure to the risk of fire, explosion
or corrosion. However, the table can be used directly to assess the suitability of the source for the
proposed application provided that there is no significant fire, explosion or corrosion hazard.

If such a hazard exists, the user and the manufacturer, with appropriate information supplied
by the user, have to consider the following factors to determine whether additional testing is required:

1. Consequences of loss of activity.
2. Quantity of active material contained in the source.
3. Radiotoxicity of the nuclide.
4. Chemical and physical form of the material and the geometrical shape.
5. Environment in which it is to be used.
6. Protection attached to the source or source-device combination.

Where sources comply with the above a ' C classification is applicable. Where non-compliance
(such as where the activity contained exceeds the recommended maximum) then Table 6.2 cannot be
used directly and the codes are stated with an 'E' prefix. To determine whether any additional testing
is necessary, an evaluation of the fire, explosion and corrosion hazards must first be made and a
separate evaluation of the use and design of the source. Many source designs exceed the
recommendations of Table 6.2 and may therefore be acceptable for the applications listed, despite the
'E' classification.

The prototype testing protocols demand leak testing of the source capsule after each test is
conducted. A variety of tests for leakage and contamination are available (see Table 6.3).

TABLE 6.3. STANDARD METHODS USED FOR TESTING RADIATION SOURCES

Wipe Test A. The source is wiped with a swab or tissue, moistened with ethanol or water;
the activity removed is measured. Limit: 0.005 u.Ci (185 Bq).

Wipe Test B. The source is wiped with a swab or tissue, moistened with ethanol or water;
the activity removed is measured. Limit: 0.05 |u.Ci (1.85 kBq).

Bubble Test D. The source is immersed in a suitable liquid (ethanediol) and the pressure in
the vessel reduced to 100 mm of mercury. No bubbles must be observed.

Immersion Test F. The source is immersed in water at 50 °C for 8 hours and the activity in the
water measured [Limit: 0.05 .̂Ci (1.85 kBq)].

Immersion Test L. The source is immersed in water at 50 °C for 4 hours and the activity in the
water measured [Limit: 0.005 (xCi (185 Bq)].

Immersion Test M. The source is immersed in water which is raised to 100 °C and held at that
temperature for 10 minutes. The water is then removed, the source cooled,
and the procedure repeated twice. Sources are passed if the activity
extracted in the final procedure does not exceed 0.005 u.Ci (185 Bq).

Helium Mass Spectrograph Test H. Limit: leak rate of 10"8 standard cm3 s"\

Emanation Test K. (Scintillation counting test for radon)
The appliance is immersed in a solution of a phosphor in an organic liquid
under vacuum; the leakage of radon is measured by liquid scintillation
counting. The limit corresponds to about 5 x 10" Ci (1.85 Bq) per 24 h.

The wipe tests and immersion tests are applicable to prototype testing of sources containing
the intended radioactive contents; however, more usually, tracer quantities of say Cs-137 as chloride
are used.
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6.2.2. Quality control

Product liability considerations demand the use of a demanding quality assurance and quality
control system in the manufacture of sealed radiation sources. At the final manufacturing stage it is
common for the leakage and contamination tests cited previously to be applied several times, i.e., at
the primary as well as secondary encapsulation stages. Quality 'management' demands independent
auditing of the operational systems according to ISO 9001-1987.

Source working life. The 'recommended working life' (RWL) is the manufacturer's
assessment and recommendation of the period within which the source should be replaced.

The manufacturer records this information on the 'Sealed Source Test Report' that
accompanies every source. The period has been assessed on the basis of such factors as toxicity of
nuclide, total initial activity, source construction, e.g., capsule design, source insert type, etc., half-life
of nuclide, typical application environments, operational experience, test performance data, etc.

The assessments of 'recommended working life' is based on the assumption that sources are
not used in adverse environments. It is the users' responsibility to inspect and test the source regularly
in order to assess at what point during the RWL the source should be replaced.

6.3. TYPES AND USES OF SEALED SOURCES

6.3.1. Alpha sources

ISO 2919 and ANSI N542 give the same definition of a sealed source, i.e.:

Radioactive source sealed in a capsule or having a bonded cover, the capsule or cover being strong
enough to prevent contact with and dispersion of the radioactive material under the conditions of use and
wear for which it was designed.

These standards further define a classification system for sealed sources which provides a
quantitative measure of their safety performance under designated test conditions relating to various types
of physical stress.

Such a classification allows source manufacturers and users to evaluate product safety and to select
source designs which suit specific applications.

By definition, these are sources which pass 5 fid (185 kBq) wipe test limits as prescribed in the
previously mentioned ISO/ANSI/BS standards.

Frequently two types of encapsulation methods for sealed alpha sources are employed:
metallurgical foil matrix and anodized aluminum matrix.

Metallurgical foil. Foil is produced by mixing the active material, e.g. Am-241 oxide, Ra-226
sulfate, Po-210 oxide, with finely divided gold and metallurgically containing this mixture between a silver
backing and a Pd-Au alloy, Pd-Au laminate, or pure fine Au face.

Details of the foil production process include the following:

Active material is uniformly mixed with gold, formed into a briquette and sintered at >800°C.
The sintered briquette is mounted between a backing of silver and a front cover of gold or noble
metal alloy and sealed by hot forging.
The composite metal briquette is cold rolled in several stages to give the required active and
overall areas.
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During this process the front cover is reduced in thickness to 0.002 - 0.003 mm and the metal
layers are consolidated to produce a single strip of metal approximately 0.2 mm thick.
The metal strips have an overall width of 20 mm and the active material is confined to a control
zone of 3 or 12.5 mm.
The foils are produced in meter lengths and subsequently subdivided as required.

The front face of a foil is thick enough to completely retain the active material but thin enough
to allow efficient emission of the alpha radiation. There is some spectrum degradation, however, as is seen
in Figure 6.1.

Typically, Am-241 foil has an average energy which falls in the range of 4.2 to 4.3 MeV, and a
FWHM of approximately 700 keV. This compares to unsealed sources which have average energies close
to the theoretical maximum and FWHMs in the region of 20 keV. The maximum activity loading for Am-
241 is approximately 130 jaCi cm"2 (4,8 MBq cm"2).

Construction

Silver backing
(0.15 -0.2 mm)

FIG. 6.1. Foil source.

In most applications where alpha foil is used, it is necessary to 'blank' discs or other
geometries from the foil lengths shown above. These smaller foil pieces are then usually incorporated
into some type of holder to provide further protection for the foil.

These types of 'source assemblies' are typically used in air ionization smoke detectors.

Furthermore, smoke detector design requires source assemblies to be incorporated into an ion
chamber. An example is shown in Figure 6.2.

Other alpha foil applications include Po-210 sources used in static eliminator devices. Foil
products are given rigorous prototype testing relating to safety and in all cases have high
ISO/ANSI/BS ratings, and in many cases possess Special Form approval.
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EXAMPLE OF SEALED RADIOACTIVE SOURCE TEST REPORT

Sealed Radioactive Source Test Report

Model No. 196306 (AMM.l 001H)

Customer Part No. P87-35-00

ISO.2919 1980(E)/ANSI N542 1977/BS 5288 1976

Radionuclide Am-241

Equivalent Activity 0.99 fiCi +0%, -20%

Freedom from surface contamination

Method of Test Method (ISO.1677-1977(EV)

Date of Test

Result of Test <0.005 uCi

Lot No. _

Quantity

Classification C64346

Active Contents Americium Oxide (Solid)

Measured on

Freedom From Leakage

Method of Test Wipe (Smear) Test (ISO/TR4826-1979(E))

Date of Test

Result of Test <0.005 uCi

We declare that we hold capsule approval certificate no. GB/184/S in respect of this sealed source,
issued on March 8, 1982 by United Kingdom Competent Authority.

Date Signature
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. 5.2. Americium-241 foil alpha spectrum.

In addition to Special Form testing and ISO/ANSI/BS testing, numerous other tests have been
carried out to assess the effects of particular environment or stress conditions on Am-241 foil and Am-
241 foil holders used in smoke detector applications; Am-241 foil used in this specific application is
limited in activity loading to <25 |xCi cm"2 (925 kBq cm"2).

Specifically, the following tests were carried out in prototype smoke detector foil and foil in
holder samples:

Resistance to corrosion by immersion - samples used immersed in H2O at room temperature
for 3 weeks and in 0.1 N HC1 for 24 hours (to simulate body fluid). Less than 0.005 /xCi (185
Bq) leached out for all test specimens.

Resistance to corrosion by exposure - samples were exposed to SO2, HC1, NH3 and water
vapor for extended periods. Less than 0.005 jxCi (185 Bq) leak test results for all specimens.

Resistance to abrasion - samples were wiped with filter paper at least 500 times. Final wipe
tests removed less than initial tests and no single result was greater than 0.005 jxCi (185 Bq)
and the total activity removed was less than 0.01 uCi (370 Bq).

Response to procedures used in fabrication, e.g., soldering, and edge rolling used to seal foil
disc in source holder. Less than 0.005 \iC\ (185 Bq) leak test results for all specimens.

Anodized aluminum matrix. This is a method of source construction where the active material
is incorporated into an aluminum foil substrate which has been made porous by a special anodizing
process.

Since the foil is very thin, e.g., 0.3 mm, attenuation of alpha particles by the foil is minimal. A
typical energy spectrum is shown in Figure 6.3 for Am-241:

The production process consists of creating electrochemically micropores with a diameter of less
than 1 (xm and depth of 4 to 10 \±m in 0.3 mm thick aluminum foil.

The active material is incorporated into these pores in an insoluble chemical form and the pores
are then chemically sealed yielding a very thin, chemically and mechanically resistant layer.
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FIG. 6,3. Typical alpha spectrum of an Am-241 wide area reference source.

This method of incorporating radioactive materials is so effective that some sources do not lose
active material over long periods of time, even for such nuclides as Cl-36, C-14 and H-3.

Also, activity removed in wipe or immersion tests, which although dependent on nuclide and total
activity, is typically in the range of 0.1% of the total active content.

The thickness of the active layer is approximately 5 ^m (0.8 mg cm"2). To increase the stability
and to optimize the final source design with regard to the characteristics of the sample to be measured
(e.g. backscatter factor), the 0.3 mm thick foil is mounted into a robust aluminum, plastic, or other custom
design holder.

In general, sources range in activity from 20 Bq up to 50 kBq Pu-238 sources are special
examples. These types of sources are used in health physics applications, especially in situations where
handling of unsealed radioactive material occurs; it is essential to check staff and equipment regularly for
contamination.

These sources can be used to calibrate detection equipment used for checking liquid and gas
effluents from power plants.

Sources such as these with thin active layers, especially with wide homogenous active layers, are
very difficult to produce. If, in addition, sources must be robust enough to allow handling in routine work
without the necessity of special safety precautions, a further level of design difficulty is encountered.

Wide area sources must meet all ISO/ANSI/BS requirements to be classified as sealed sources.

For example, Am-241 anodized aluminum foil has been tested to ISO/ANSI/BS standards and has
been assigned a rating of C 34343; other alpha nuclides give similar results.

Wipe/leak test results for Am-241 foil are typically <0.1% of the total activity content of the foil,
and since the maximum activity for this type of source is 10 kBq (0.27 u.Ci), removable
contamination will always be much less than the ISO/ANSI/BS limit of 0.005 (aCi.
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TABLE 6.4. VARIETY OF RADIONUCLIDES WHICH HAVE BEEN P R O D U C E D IN WIDE AREA
DESIGN

Nuclide

63Ni
H C

147Pm
60Co
137Cs
36C1
204'T-]

9 0 S r / 9 0 Y

106Ru/106Rh

Natural uranium
120Po
241Am
238pu

55Fe

"Co

Activity range per
cm2

0,5 Bq - 1 kBq

0,02 Bq - 50 Bq

0,02 Bq - 4 kBq

0,02 Bq - 2 kBq

0,05 Bq (3 150 Bq

0,02 Bq - 300 Bq

0,02 Bq - 150 Bq

0,01 Bq - 2 kBq

0,02 Bq - 1 kBq

0,04 Bq - 1,3 Bq

0,02 Bq - 500 Bq

0,02 Bq - 1 kBq

0,02 Bq - 200 Bq

5 Bq - 1 kBq

5 Bq - 1 kBq

Minimum activity
per source

500 Bq

20 Bq

20 Bq

20 Bq

20 Bq

20 Bq

20 Bq

10 Bq

20 Bq

2 Bq

20 Bq

20 Bq

20 Bq

2 kBq

2 kBq

Maximum activity
per source

50 kBq

50 kBq

50 kBq

50 kBq

50 kBq

25 kBq

50 kBq

25 kBq

50 kBq

1 kBq

10 kBq

10 kBq

10 kBq

50 kBq

50 kBq

Type of
emission

BETA

ALPHA

PHOTON

A further indication of the safety of this method of source construction was found
when a number of prototype Pu-238 wide area sources were supplied to the USNIST, for
application in a USAF alpha detector calibration programme. These were reported by NIST
to give almost no detectable removable contamination and the highest activity loading
used for these sources has 650 kBq (18 juCi). The chemical form of the Pu-238 in these
sources is PuO2, an insoluble inorganic.

6.3.2. Report of traceability

During production, quality control checks are performed and comprise leak tests, contamination
tests and activity measurements.

All safety related tests are performed in conformance with international standards, e.g., DIN
25426, ISO 1677, ISO 2919, ISO/TR 4862 technical report "Sealed Radioactive Sources - Methods of

Leak-Testing" and ANSI N542.

A test report is provided with all sources, and a set of handling instructions which cover such
items as unpacking, inspection and testing.

6.3.3. Beta sources

Manufacturers produce both sealed and unsealed beta sources. There are seven basic designs:

Metallurgical foil - Sr-90, Tl-204. Pm-147, Ru-106;

Anodized aluminum foil;
Active ceramic/glass - Sr-90, Pm-147;
Electrodeposited - Ni-63;
Active powder - C-14, Na-22;
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Tritium low energy beta;
Active gas - Knee-B5.

Both metallurgical foil and anodized aluminum foil are similar in concept to their alpha source
counterparts previously described. Some significant differences are listed:

'Window' thickness for beta metallurgical foil is much greater than for alpha foil, e.g., 50 \im
(50 mg/cm2) for Sr-90 foil and 5 mg/cm2 ( 3 |j.m silver + 2 (im palladium) for Pm-147.

Maximum activity loadings for beta metallurgical foil are significantly higher, e.g., 500 mCi/cm2

for Sr-90, and 500 mCi/cm2 for Pu-147.

Foils with such high loadings are typically further encapsulated, e.g., Sr-90 which is welded into
stainless steel capsules.

Beta metallurgical foils are more mechanically robust and resistant to corrosion and suffer
virtually no leakage if exposed to temperatures up to the melting point of silver.

Higher energy beta nuclide anodized aluminum foil sources, e.g., Sr-90, Tl-204, Cl-26 and Co-60,
are designed with a thin Ti foil window to add an extra margin of safety and integrity to the
source.

Active ceramic/glass sources. The production method involves firing a mixture of active
compound, e.g., of Sr-90 carbonate or titinate and special-composition glass frit into a ceramic or metal
'insert', which is assembled into a metal capsule and welded closed. In some cases this active capsule is
further encapsulated and welded into an 'outer' capsule. A typical capsule design is shown below:

The X.I 17 capsule has the following safety-related characteristics and design features:

ISO/ANSI rating of C 64343.
Special Form approval.
Double encapsulation.
Inner cell is immersion tested to 5 ixC'i acceptance level.
Final encapsulation wipe tested and immersion tested.
Heavy alloy shield reduces brem radiation from sides and back.
Recommended working life of 10 years.
Outer capsule is engraved with a unique serial number, a trefoil symbol, 'Sr-90', activity, model
number and the manufacturer's logo.
Sr-90 is incorporated into a high melting point (approximately 1000°C), insoluble ceramic matrix.

Electrodeposited sources. Ni-63 sources are used in smoke detectors, gas chromatography
electron capture, and nerve gas detector applications. Ni-63 is uniformly electroplated as metal onto a
metallic substrate, e.g., stainless steel, nickel and nickel alloys. The production process for stainless steel
consists of:

Surface preparation of the substrate.
Inactive nickel strike (3 to 4 urn).
Active nickel strike (0.3 to 0.4 fim).
Inactive nickel flash coat (0.1 \im).

Prototype sources have been tested for 1 month at 400°C and the only loss of output was due to
diffusion into the substrate and not to leakage of Ni63. These test results apply to 10 mCi/cm loadings,
for a maximum activity of 30 mCi/foil.
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- Ruthenium-109 and strontium-90 foil sources

r; OJ-OJ

- Active surface

- Strontium-90 typical high activity sources

k.i "'""'" * n-.i-i .
7 I

- Window

- Stainless steel

- Active foil

(dimensions in mm)

FIG. 6.4. Some typical metallurgical foils.

0.05

Window Window
• 5

- Active surface

- Silver coated plate

- Stainless steel

- Tungsten alloy

- Ceramic pellet

- Stainless steel

FIG. 6.5. Strontium-90 source.

When sources are installed in typical electron capture detector cells or other commercial devices
no detectable radiation can be found on accessible surfaces.

Even though sources are wipe tested after manufacture to ensure there is no removable
contamination above 0.005 p.Ci, because of the low energy nature of the Ni-63 beta spectrum it is not
possible to manufacture fully sealed sources. Ni-63 sources are given a very thin metallic flash which
improves activity containment and resistance to abrasion, however this reduces the beta emission by
approximately 75%, and while this is an acceptable performance characteristic in some applications it is
unacceptable in others, e.g., ECD.

Ni-63 sources must be regarded as unsealed and this fact is stated on Amersham test reports. Thus
these sources should be used in fully enclosed systems, e.g., ECD. For the reasons stated above no
ISO/ANSI testing has been performed on these types of sources.
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Active powder. Typical applications are C-14 air particulate monitor and check sources and Na-
22 positron sources. C-14 powder sources are produced by depositing C-14 in the form of a compound,
e.g., BaC03, onto an aluminum foil substrate and sealing the active material with an aluminum foil window
which is epoxied to the capsule substrate. Both aluminum foils are coated with epoxy to retain the active
powder within the capsule. The aluminum foil beneath the active material is typically 20 fim in thickness
and the foil window is approximately 5 um. The active 'sandwich' is epoxied onto an aluminum housing
to complete source construction. Prototype BaCO3 sources, containing a nominal activity of 100 uCi, have
been tested and been assigned an ISO/ANSI rating of C 34242.

Na-22 positron sources. In the X.1055, sodium-22 in the form of a salt is deposited on a
platinum disc, approximately 0.25 mm thick. The active diameter is up to 5 mm. This platinum disc is
mounted in a titanium holder, fitted with two 5 um titanium windows and sealed by laser welding.

Activity up to 100 mCi can be incorporated in this capsule.
Both capsules are required to pass sealed source wipe test limits.

Tritium low energy beta. These sources have application in ionization gas-detectors, and in
ECD. Some of these are environments where excessive temperatures (>200°C) are expected to be
encountered.

Sources are manufactured by depositing a thin layer (0.1 to 5 mg/cm2) of scandium, titanium or
erbium onto a substrate. The substrate may be copper or stainless steel and can assume a variety of shapes.
H-3 is then absorbed into the deposit at elevated temperatures. Maximum H-3 loading is 2000 mCi/cm2,
and a total source activity of 10 Ci.

These sources are not regarded as sealed sources. Thus it is not possible to perform ISO/ANSI
tests on prototype sources. Studies have been conducted, however, which have shown that a typical 5 Ci
source heated to temperatures between 200°C and 350°C will lose approximately 0.05% (2.5 mCi) of its
content per hour. External radiation levels for a 5 Ci source are shown below:

DISTANCE
FROM SOURCE
(cm)

5
10
20
30

DOSE RATE

(mR/h)

260
90
15
4

All materials used in the fabrication of the source are checked against suppliers specifications prior
to manufacture. Finished sources are checked to ensure that removable material is not excessive. The
customer is provided with a test report which shows the emission measurement of the source (measured
as ion current) and the approximate activity.

6.3.4. Gamma sources

The general requirements for sealed sources are given in ISO Standard 2919 - Sealed Radioactive
Sources, Classification (11,12) (to be revised under ISO/TC 85/SC 2/WG 11 N 31C). The ISO-Standard
classification requirements are as follows:

Category I - irradiator : 43323
Category II - irradiator : 53424
Category III - irradiator : 53424
Category IV - irradiator : 53424
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If the activity of the source exceeds those indicated in Annex 1 of the ISO Standard a specific
evaluation of the use of the sealed source and its design shall be made.

The manufacturer and user shall also take account of the possible effects of fire, explosion,
corrosion, and any aspects related to the continuous use of the sealed source in addition to those covered
by the ISO Standard. Factors that should be considered are:

(a) Consequences of failure of source integrity which are influenced by:
(i) Quantity of radioactive material contained in the sealed source,
(ii) Radiotoxicity, leachability, and solubility of the radioactive material,
(iii) Chemical and physical form of the radioactive material.

(b) Environment in which the source is stored, moved and used.

Table 6.5 is a summary of the most common sealed sources in use today:

TABLE 6.5. SUMMARY OF THE MOST COMMON SEALED SOURCES IN USE TODAY

NUCLIDES

3H

32p

"Co

60Co

63Ni

85Kr

""Sr

,25j

137Cs

I92jr

226Ra

226Ra + Be

2l"Po + Be

2"'Am + Be

241Am

Miscellaneous

SEALED SOURCES

Gas sealed, luminous articles

Self-luminous light source

Check sources

Industrial, radiotherapy, clinical therapy, sterilization

Gauging

Gauging

Opthalmic applicators, thickness gauge, check sources

Bone mineral analyzers, seeds

Industrial, radiography, calibration, brachytherapy,
teletherapy

Industrial radiography, clinical therapy

Clinical therapy
Lightning conductors

Neutron sources, well logging, moisture gauges

Foil thickness measurements, lightning conductors, smoke
detectors

Calibration, static eliminators, X Ray fluorescence
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In Table 6.6 are examples of the type of manufacturing process that is used for gamma sources
in research, medicine and industry:

TABLE 6.6. EXAMPLES OF THE TYPE OF
SOURCES IN RESEARCH, MEDICINE AND

MANUFACTURING PROCESS THAT IS USED FOR GAMMA
INDUSTRY

LOW ENERGY PHOTON SOURCES

Americium-241

Curium-244

Plutonium-238

Cadmium-109

Cobalt-57

Iron-55

Gadolinium-153

Iodine-125

Ceramic

Single encapsulation, epoxyed/brazed welded
-monel/beryllium stainless steel

Electroplated

Pressed pellet, double encapsulation, welded titanium

Ion-exchange bead, double encapsulation, epoxyed
aluminum/titanium/stainless steel

HIGH ENERGY GAMMA SOURCES

Caesium-137

Cobalt-60

Fired ion-exchange pellet, ceramic pressed powder

- Single double encapsulation
- Welded
- Stainless steel

Metal

REFERENCE SOURCES BRACHYTHERAPY SOURCES

Check sources

Mixed gamma standards

Flood sources

Dose calibrator sources

K..U. Th verifiers

Iridium-192 wire/pins

Caesium-137 tubes/needles/miniature sources

6.3.5. Recommended working life and routine testing of sealed sources

Manufacturers should provide advice on the recommended working life (RWL) for a sealed source
under specified conditions of use. The RWL should be regarded as the period during which the integrity
of the source is unlikely to fail, given normal usage within the intended application. Alternatively, the
RWL may be regarded as the period at the end of which the continued safe use of the source should be
seriously questioned.

When a RWL is not provided every effort should be made to obtain advice from the manufacturer.
In particular, no sealed source should be used for longer than 10 years, except on the advice of the
manufacturer.

Regular tests for leakage of radioactive material should be made throughout the working life of
a source to ensure that the encapsulation has not deteriorated to any significant extent. In most cases these
tests involve a wipe of the source and a subsequent assessment of radioactivity on the wipe. It is
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permissible to make an indirect test, by wiping surfaces that could reasonably be expected to reveal
leakage of radioactive material from the source, in situations where:

(a) the source is not readily accessible;
(b) access to the source would be likely to cause an unacceptable exposure of the person making the

test.

The minimum frequency of leakage testing should be determined by the Competent Authority. The
interval between tests should not normally exceed 2 years, and may be less than this based on advice from
the manufacturer of the source or from a Radiation Protection Adviser.

A source should be regarded as being in a satisfactory condition if no more than 200 Bq of
radioactivity is measured on the wipe. However, if any measurable activity is detected on a wipe this
should be regarded as suspicious and a further test should be undertaken within 3 months.

At the expiry of the RWL a source may continue in use provided:

(a) the leakage test records indicate that there has been no measurable leakage of radioactive material,
provided that the most recent test relates to a direct wipe of the source capsule. The results of
indirect tests alone should not be used to justify a further period of use, or

(b) it has been declared fit for a further, specified period of use following examination by a suitably
qualified person in consultation with the manufacturer.

If a source is accepted for a further period of use beyond its RWL, subsequent leakage testing
should be at intervals not exceeding one year, or more frequently if recommended by the manufacturer
of the source or by a Radiation Protection Adviser.

6.4. REGISTRY OF SEALED SOURCES AND DEVICES

Sealed sources of a particular design, size, and radioisotope content are often used in a variety of
devices. Similarly, a single type of radioisotope device might be used by a number of licensees within a
given type of practice. The safety of the source and device need only be evaluated once, rather than each
time a license application is received or a person registers for its use. Design, quality assurance, and test
information can be obtained from the vendor. The safety evaluation can then be documented along with
a summary of the conditions of use as well as any appropriate limitations on use. The documentation of
the generic evaluation needs to be cataloged in a way that it is readily accessible to persons who review
applications or conduct inspections. Once this is accomplished, it is usually only necessary during the
licensing review to consider training and experience of personnel, operating procedures, and auxiliary
equipment for any proposal to use a specific source/device combination, thus reducing considerably the
time that needs to be spent on any particular license application proposing to use the source/device
combination.
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7. SAFETY IN THE USE OF X RAY MACHINES AND LINEAR ACCELERATORS

X ray equipment should be designed, constructed and installed to comply with competent authority
standards or other recognized standards of construction that will enable the recommendations in this
section to be met. It should be maintained in accordance with the recommendations of the manufacturer
or the manufacturer's authorized representative. It cannot be considered safe, from a radiation point of
view, unless it is in good order both mechanically and electrically.

7.1. BASIC REQUIREMENTS

7.1.1. Diagnostic X ray equipment

Every X ray source assembly (comprising an X ray tube, an X ray tube housing and a beam
limiting device) should be constructed so that at every rating, specified by the manufacturer for that X ray
source assembly, the air kerma from the leakage radiation at a distance from the focal spot of 1 m does
not exceed 1 mGy in 1 hour averaged over an area not exceeding 100 cm2. Every X ray source assembly
should be marked to identify the nominal focal spot position.

Beam filtration. The inherent filtration of every X ray tube assembly should be marked
permanently and clearly on the housing. Every added filter should be marked permanently and clearly with
its filtration in millimeters of aluminum equivalent. Materials other than aluminum, e.g. erbium which has
sharper cutoff characteristics can also be used for filtration.

The total beam filtration includes the inherent filtration, any added filtration and filtration afforded
by attenuating material that permanently intercepts the beam, e.g. the mirror of a light beam diaphragm.
For normal diagnostic work the total filtration of the beam should be equivalent to not less than 2.5 mm
of aluminum of which 1.5 mm should be permanent (ICRP Publication 33).

To avoid unnecessary dismantling of the tube assembly the total filtration (or its constituent parts)
should be written down and kept readily available. In the case of undertable tubes, the filtration of the
table top should be marked clearly in terms of millimeters of aluminum equivalent.

Special equipment should be used for procedures such as mammography, which require very soft
radiation. The total permanent filtration should never be less than the equivalent of 0.5mm aluminum or
0.03mm molybdenum.

Beam size. The maximum cross-section of the beam from every diagnostic X ray source assembly
should be permanently limited to that required in practice for each particular source assembly by means
that take into account the need to avoid extra-focal radiation.

All radiographic X ray equipment should be provided with properly aligned adjustable beam-
limiting devices or, in special circumstances, e.g. skull units, cones to keep the radiation beam within the
limits of the X ray film selected for each examination.

Light beam diaphragms should be provided on radiographic equipment. They should also be fitted
to mobile radiographic equipment when practicable.

Equipment for fluoroscopy, except radiotherapy treatment simulators, should be provided with the
means, preferably automatic, to confine the radiation beam within the image reception area whatever the
distance of the X ray tube from the image receptor. It should be possible for the operator to adjust the
field size during examinations down to the equivalent of 5 cm x 5 cm at 1 m from the focal
spot.
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For computed tomography scanners, the radiation beam should have no cross-
sectional dimension greater than that required to cover the active element of the image
receptor.

Image receptors. Image intensifiers and television viewing systems should be used in fluoroscopy
in order to increase the information obtained per unit dose received by the patient and reduce doses to
staff. Staff and patient doses can be reduced by the use of storage or memory devices on image intensifier
systems.

Direct viewing screens should be replaced by image intensifiers and television viewing systems.
In addition, the housing and supporting plates of an X ray image intensifier, and of the image receptor
of a computed tomography scanner, should provide shielding equivalent to at least 2 mm lead for 100 kV.
From 100 to 150 kV an additional lead equivalent of 0.01 mm per kV is required. The lead equivalence
should be clearly stated on the equipment.

Where clinically acceptable, attenuation of the X ray beam between the patient and the image
receptor should be minimized by the use of suitable materials for the construction of the table top (in the
case of overtable tubes), the front of the film cassette and anti-scatter grid.

Signals and marking. There should be a visible indicator on the control panel, preferably
including an indicator light, to show that the mains is switched on. In the context of the control panel the
signal 'mains on' indicates a state of readiness to emit radiation.

All radiographic equipment control panels should be fitted with a light giving a clear and visible
indication to the operator that an exposure is taking place. The light should be triggered by conditions
associated uniquely with the commencement and termination of the emission of radiation, but arranged
to remain on long enough for the indication to be seen irrespective of the exposure duration. For
equipment fitted with an audible warning the warning should be triggered by the same conditions.

Where it is possible, from a single location to initiate the production of X rays from more than
one X ray tube, each X ray tube should be provided with means for automatically giving a warning signal
whilst that X ray tube is selected to emit X rays. The tube selection warning signal should be clearly
visible in the vicinity of the X ray tube and if practicable from the control panel. The electrical circuitry
should be such that it is impossible to initiate an exposure if the warning system fails; however, the system
should be designed to avoid the likelihood of a diagnostic examination being interrupted.

The exposure controls should be marked clearly. All other controls, instruments and indicating
devices should be marked permanently and clearly to indicate their functions. On any equipment where
X ray tube selection is possible there should be a clear and unambiguous indication on the control panel
of which tube has been selected. Markings by symbols should be clear and their meaning should be
described in the operating instructions: alternatively, markings should be in plain English.

Exposure factors. Fluoroscopic equipment with automatic brightness control should have a range
of sensitivities using different levels of air kerma rate at the input screen of the image intensifier. This can
enable an optimum balance to be made between image quality and minimum dose.

Exposure switches. Exposure switches on all X ray diagnostic equipment, except computed
tomography scanners, should be arranged so that an exposure continues only while continuous pressure
is maintained on the switch and terminates if pressure is released (if not previously terminated by other
means, e.g. at the end of the set exposure time).

The position of the exposure switch should be as follows:

(a) for fixed equipment, at the control panel or at the position intended to be occupied by the
operator; and
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(b) for mobile and portable equipment, such as to enable the operator to be outside the radiation beam
and to be not less than 2 m from the tube housing and from the patient.

Exposure switches should be designed to prevent inadvertent production of X rays. Additionally,
foot switches should be constructed so that exposure does not take place if they are accidentally
overturned. Switches should be positioned so that they are not depressed accidentally during stowage. If
re-setting is automatic it should be ensured that pressure on the exposure switch has to be released
completely before the next exposure can be made.

A key-operated switch (or equivalent) should always be provided for mobile equipment to prevent
the generation of radiation by unauthorized persons.

(a) whenever radiation can be generated without connecting the equipment to the electrical mains
supply; or

(b) when connected to the electrical mains supply if the equipment requires such a connection to be
made for battery charging.

Control of exposure duration. For radiography, there should be a means for terminating the
exposure automatically after a preset time, electrical charge (mAs) or quantity of radiation or after a
tomographic scan has been completed. To guard against failure, an additional means of termination should
be provided which is independent of the normal means. The release of an exposure switch may be
regarded as the additional means.

For fluoroscopy, the release of an exposure switch should be regarded as the normal means of
termination. An additional means of termination should be provided which operates automatically when
a predetermined integrated fluoroscopy time not exceeding 10 minutes has elapsed. This device should
give an audible warning, at least 30 seconds before termination, to enable the operator to reset the device
if the exposure needs to be prolonged.

The provision of automatic exposure control devices for radiography should be considered as an
aid to the achievement of consistent radiographs and the reduction of repeat exposures.

Equipment for computed tomography should have a device which terminates the exposure
automatically as soon as the selected scan has been completed or scanning stops before completion.
Initiation of an exposure should not be possible if the scanning motor fails to start unless 'warm up'
conditions or a localization exposure have been selected.

If a 'warm up' facility is provided on computed tomography equipment there should be a clear
indication on the control panel when the warm up mode has been selected and there should be a device
which de-energizes the X ray tube on completion of the desired 'warm up' phase.

Exposure measurement. An area-kerma product meter should be fitted to fluoroscopy equipment
at training establishments. The provision of instruments to measure and record area-kerma product and
to give continuous indication of area-kerma rate is recommended for radiology departments with automatic
brightness control or cinefluorography facilities. The instruments may be permanently installed or used
to make periodic checks.

Protection against scattered radiation for fixed fluoroscopy installations. All tables and stands
used for fluoroscopy should be provided with adequate protection for staff against scattered radiation from
the patient and from materials between the X ray tube and the patient. When an undertable tube is used,
this protection may take the form of an 'apron' in which case it should be:

(a) large enough (not normally less than 45 cm wide and 45 cm long);
(b) made of protective material having a lead equivalent of not less than 0.5 mm; and
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(c) attached to the lower edge of the screen holder or intensifier support when the latter is vertical
and to the operator's side of the screen holder or intensifier support when this is horizontal.

Additional protective 'aprons' or fixed shields should be attached where possible to both sides of
the table when the screen or image receptor of the intensifier is horizontal and to both sides of the stand
when they are vertical. The beam limiting device for undertable tubes should extend as close as possible
to the back of the table or stand.

7.1.2. Dental radiography equipment

Every X ray source assembly (comprising an X ray tube, an X ray tube housing and a beam
limiting device) should be constructed so that, at every rating specified by the manufacturer for that X ray
source assembly, the air kerma from the leakage radiation at a distance from the focal spot of 1 m
averaged over an area not exceeding 100 cm does not exceed 1 mGy in one hour. In practice, for
equipment intended for dental radiography with an intra-oral film, leakage radiation will not exceed 0.25
mGy in one hour. The X ray source assembly should be marked to identify the nominal focal spot
position.

Beam filtration. The total filtration of the beam (made up of the inherent filtration and any
added filtration) should be equivalent to not less than the following:

(a) 1.5 mm aluminum for X ray tube voltages up to and including 70 kV;
(b) 2.5 mm aluminum of which 1.5 mm should be permanent for X ray tube voltages above 70 kV.

The use of filtration significantly greater than these values may be undesirable. The inherent
filtration should be marked clearly on the housing and every added filter should be marked with its
filtration in millimeter aluminum equivalent: the value of the added filtration should be marked clearly
on the tube housing.

X ray tube voltage. The X ray tube voltage should not be lower than 50 kV and for intra-oral
radiography should be preferably about 70 kV.

Beam size and distance control. Equipment for radiography using an intra-oral film should be
provided with a field-defining spacer cone which will ensure a minimum focal spot to skin distance of
not less than 20 cm for equipment operating above 60 kV and not less than 10 cm for equipment operating
at lower voltages. The correct setting of the equipment is particularly important where two or more
interchangeable cones for different radiological techniques are available. The field diameter at the patient
end of the cone should not exceed 6 cm.

For panoramic tomography the beam size at the cassette holder should not exceed 10 mm x 150
mm. The total beam area should not exceed the area of the receiving slit of the cassette holder by more
than 20%.

Equipment for cephalometry should have a light beam diaphragm or other suitable means for
confining the useful beam to the area of diagnostic interest.

Signals and marking. There should be a visible indication on the control panel, preferably
including an indicator light, to show that the mains is switched on. In the context of the control panel
signal this indicates a state of readiness to emit radiation.

All dental equipment control panels should be fitted with a light which gives a clear and visible
indication to the operator that an exposure is taking place. The light should be triggered by conditions
associated uniquely with the commencement and termination of the emission of radiation, but arranged
to be seen irrespective of the exposure duration. For equipment fitted with an audible warning the warning
should be triggered by the same conditions.
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Exposure control. The exposure should be terminated automatically when a predetermined
condition, such as a pre-set time, has been attained.

Exposure switches on all dental X ray equipment should be arranged so that an exposure continues
only while continuous pressure is maintained on the switch and terminates if pressure is released. To guard
against automatic timing failure, an additional means of termination should be provided which is
independent of the normal means. The release of the exposure switch may be regarded as the additional
means when this action overrides the timer.

Exposure switches should be designed to prevent inadvertent production of X rays. If re-setting
is automatic it should be ensured that pressure on the switch has to be released completely before the next
exposure can be made.

The exposure switch should be arranged so that the operator can be at least 2 m away from the
tube and the patient during exposure.

7.1.3. Basic requirements for beam therapy and remote-controlled after-loading devices

Medical electron accelerators in the range of 1 MeV to 50 MeV should comply with pertinent
competent authority regulations. Where an accelerator is to be used for whole-body electron treatment,
it should incorporate additional safely features as appropriate.

The air kerma rate (or absorbed dose rate in water for beta radiation) of leakage radiation from
a radiation source housing or, in the case of after-loading equipment, storage container should not exceed
the relevant values pertained in the local competent authority regulations for accelerators and beam therapy
equipment and those shown in Table 7.1 for other equipment. For X ray tube housings this applies at
every rating specified by the manufacturer for an X ray tube in that housing. For equipment incorporating
a radioactive source it applies when a source having the maximum activity specified by the manufacturer
is fitted. Measurements at a focal or source distance of 1 m and in a plane at the normal treatment distance
may be averaged over an area up to 100 cm2 and measurements at a distance of 5 cm from the surface
of the housing may be averaged over an area up to 10 cm2.

TABLE 7.1. MAXIMUM LEAKAGE RADIATION

At 1 m* At 5 cm** ***

Therapeutic X ray tube capable -- 5 mGy h'1

of operating at voltages up to 50
kV

Therapeutic X ray tube capable 10 mGy h"1 300 mGy h"1

of operating at voltages in the
range 50-500 kV

After-loading equipment 0.02 mGy h"'

* From the focal spot.
** From the surface of the housing or its accessory equipment, at any position accessible to the patient.
*** At any position readily accessible to staff preparing a patient for treatment when all the sources are within the storage

container.

Diaphragms should be constructed so as to reduce the integral dose to the patient. The diaphragms
should not transmit more than 2% of the primary radiation beam.

Control of radiation exposure. It should be possible to commence an exposure only from the
control panel. The equipment should incorporate means by which automatic warning signals can be
operated at the entrance to and inside the treatment room.

86



X ray equipment. A select and confirm system should be provided where a choice between
modes of treatment or optional devices such as wedge filters can be made.

Gamma and beta beam therapy equipment. Radioactive sources should be sealed sources and
should conform with ISO Standards. Standard source capsules should be used. The source activity should
not exceed the specified maximum for the housing.

A remotely operated beam control mechanism should be used which is capable of functioning in
any orientation of the housing. The mechanism should be so constructed as to return the source or shutter
automatically to the 'off position both at the predetermined end of an exposure and in the case of any
breakdown or interruption of the activating force. The source or shutter should stay in the 'off position
when the force is restored, until the mechanism is operated from the control panel.

Remotely operated after-loading equipment. The remotely controlled source drive mechanism
should be constructed so as to return the sources automatically to the storage container at the
predetermined end of an exposure, in the case of the operation of relevant interlock circuits, or if the drive
power fails. The sources should remain in the storage container when the power is restored and until the
drive mechanism is operated from the control panel.

The source control mechanism for high dose-rate equipment should be constructed so that in an
emergency the sources can be returned quickly to the storage container by manual operation, preferably
from the control panel, with the least possible exposure to the staff concerned.

The equipment should be designed so that sources remain securely in the storage container while
the equipment is not in use. High dose rate equipment should not be used as mobile equipment.

Remotely controlled after-loading equipment should be provided with an automatic timer for each
channel which is to be used separately.

Neutron beam equipment. Guidance for neutron beam equipment for activation analysis or
which might be used for therapeutic purposes are not included in this chapter as developments are still
taking place. In the interim, when any project involving neutrons reaches the planning stage, advice should
be sought from the competent authority.

7.2. TRAINING OF PERSONNEL

An effective radiation safety programme requires that the regulatory agency and clinic have
knowledgeable and experienced staff. In many instances, knowledge and experience are transferred to
other staff members by performing joint inspections, having internal seminars and sending staff to external
courses.

All X ray and linear accelerator licenses must require that the radioactive material shall only be
used by knowledgeable people. In clinic training begins with a knowledgeable radiation protection officer
(RPO) whose education and experience varies with the size of the institution. Minimum acceptable
qualifications have not been specified, but each person filling this position has at least a four year
university course plus working experience. For large clinics, the radiation protection officer normally has
a PhD. Since this position is separate from the medical aspects of the clinic, an independent RPO is able
to review all radiation safety aspects of operation other than those between the doctor and patient.

For training of the linear accelerator operators, several colleagues offer two year courses which
involve practical experience in addition to theory. In this way, there are a sufficient number of trained
people to operate the units throughout the Member State.

Another aspect of training is having people with sufficient knowledge to maintain units. No
specific training is required, but there are a sufficient number of people who are capable of servicing the
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unit on a day to day basis from the information which is supplied by the manufacturer of the equipment.
It should be noted that this does not include source changes which are limited to representatives of the
supplier.

It should be noted that in many countries the licensee and not individual employees are legally
responsible for complying with the regulations and license conditions.

7.3. FACILITY DESIGN

An X ray department should be located within the hospital environment in such a position that
it is close to the consultative out patient department and adjacent to accident and emergency departments,
while still being within easy reach of in patient accommodation. The distribution of the X ray units in
different parts of the hospital should be minimized and ideally all diagnostic imaging procedures should
be located in the X ray department. Direct and easy access for out-patients should be ensured and allied
facilities, such as nuclear medicine and ultrasound, should be grouped nearby.

Particular attention should be given to the load bearing capacity of structures for both machines
and shielding materials, the security of fixings for machines, the provision of wide doorways and other
entrances for easy permanent access for equipment including beds.

7.3.1. Design requirements for X ray departments

In selecting a site for an X ray department due consideration must be given to the provision of
stable temperature, humidity, power and water supplies, adequate power stabilization and stand by
generation capacity. The installation design should then be approached along the following lines:

(a) Provision of adequate shielding, including the assessment of the degree of protection provided by
existing building materials.

(b) Assessment of the projected workload for each unit within the department.
(c) Estimation of the occupancy factor of adjacent areas and of the fraction of the operating time for

which the primary beam is directed towards each area (the use factor).
(d) All the rooms containing X ray units should be located in such a way that they may be

approached independently.
(e) Film processing facilities should be approachable independently of any X ray room and should

be particularly well shielded from stray radiation.
(f) Particular attention should be paid to the possible hazard from radiation scattered through the

X ray room windows into neighboring occupied areas. Windows of ground floor departments
should have sills whose height is at least 2 meters above outside ground level.

(g) Storage facilities should be provided for films not required for immediate use, well away from
the X ray unit and adequately protected.

7.3.1.1. Specific design features

The shielding should be designed in such a way that for all possible orientations of the primary
beam from any X ray machine persons outside the room or behind the protective screen are not exposed
to doses in excess of the levels specified by the competent authority. The assessment of dose should
include the contributions from primary beam, scattered and leakage radiation. Such an assessment requires
a knowledge of the following:

(1) Workload.
(2) Maximum kVp.
(3) Occupancy factors.
(4) Use factors (to be taken as 1 for scattered and leakage radiation).
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A beam absorber should be provided behind the chest stand. For units up to 150 kV the screens
should have a minimum lead equivalent thickness of 2 mm and lead-glass or lead acrylic panels should
be used if transparent panels are required. Effective overlap of joints should be assured. Advice on
construction details can be found in Appendix 7.1.

The X ray equipment should be positioned within the room so that the radiation exposure to
personnel, who may have cause to leave or enter the control console area during the course of an X ray
examination is minimum.

The protection offered by existing walls should be ascertained by measuring their shielding
characteristics at the maximum X ray energy envisaged in the installation and extra shielding should be
added if necessary. During the course of construction of the new X ray accommodation, inspections should
be made so as to ascertain the existence of any cavities or other potential leakage pathways which may
be obscured when the walls are given their final coating of plaster or other finishing material. A final
radiation survey should be carried out on completion of the installation and before commissioning.

Warning lights should be installed outside doors to X ray room. Caution is required in the use of
interlocks which disable the X ray unit. Where possible doors should only be operable from the inside
when equipment is in use. Control systems which terminate the production of X rays if doors are
accidently opened are of questionable value. Such systems are liable to necessitate repeating examinations
and hence increase patient, and in some cases staff exposure.

Each classified area should be conspicuously posted with a sign or signs bearing the radiation
caution symbol and the words "Caution Radiation Area". Each entrance or access point to a controlled area
should be:

(a) equipped with a control device which should energize a conspicuous visible or audible alarm
signal in such a manner that the individual entering the controlled area and the supervisor of the
activity are made aware of the entry, or

(b) maintained locked except during periods when access to the area is required, with positive control
over each individual entry.

The operation of safety interlock switches and illuminated warning signs should be checked
regularly. Consideration should be given to the need to warn workers on the exterior of the building (e.g.
window cleaners) when the unit is in operation.

Modification and additions to the approved design should only be made with the written approval
of the local Radiation Protection Adviser.

Good radiation safety practice dictates that only examinations which cannot be carried out in the
X ray department proper should be performed in wards. However all wards should be constructed of
materials which provide adequate protection to personnel in adjacent locations. Particular attention should
be paid to the shielding requirements for walls separating general wards from maternity and children's
units and from other areas with a high occupancy factor, including nurses stations.

Provision should be made at the design stage to ensure adequate bed separation, and a distance
of 2.5 m is recommended as a minimum for continuous occupancy (ICRP No. 25). Ward exposure work
load should be limited to about 10 mA min per week unless special shielding is built into the structure.

Finally all wards should be equipped with an adequate number of suitably rated power supply
sockets to avoid the use of extension cables.
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Operating rooms and intensive care units

Operating rooms and intensive care units (ICUs) may be divided into three categories, depending
upon the work load of the X ray equipment in milliamp minutes per week, namely, less than 30, 30 to
300 and over 300.

30 mA min/week and less (low usage)

Operation rooms and ICUs in this category may be treated as wards in so far as construction is
concerned. Protection of staff and patients will depend upon local rules governing procedures. There
should be adequate clearance between beds and availability of power points should minimize cable runs.

30 to 300 mA min/week (moderate usage)

Construction of operation rooms likely to be within this work load band should have walls,
ceilings and floors of at least 1 mm of lead equivalent. Access should be restricted by local rules to those
directly involved in the work. ICUs in this band should provide protection for adjacent patients and all
access doors in both theaters and in ICUs should be fitted with warning lights and signs.

300 mA min/week and above (high usage)

Shielding equivalent to 2 mm of lead is required in walls, ceilings, floors and doors. Access
should be limited by local rules and by locks where appropriate. Warning lights and signs should normally
be fitted to all access doors.

TABLE 7.2. HALF-VALUE THICKNESS AND TENTH-VALUE THICKNESSES FOR HEAVILY FILTERED
X RADIATION (BROAD BEAM CONDITIONS)

Source

50kVp

50kVp

70kVp

75 kVp

75 kVcp

100 kVP

100 kVp

125 kVp

150 kVp

150 kVp

200 kVp

200 kVcp

Half-value thickness

Lead

(mm)

0.07

0.06

0.17

0.19

0.26

0.30

0.29

0.30

0.32

0.43

0.43

Concrete

(mm)

8.8

10.2

16.5

19.1

21.8

25.9

(in)

0.15

0.40

0.65

0.75

0.85

1.02

Lead

(mm)

0.23

0.20

0.58

0.63

0.87

0.95

0.96

1.00

1.04

1.42

1.42

Tenth-value thickness

Concrete

(mm)

13.5

35.6

54.2

64.0

69.9

85.5

(in)

0.53

1.40

2.17

2.52

2.75

3.37

Note: The data were obtained from the Handbook of Radiological Protection (Part 1) HMSO 1971 (Ref.7).
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TABLE 7.3. HALF-VALUE THICKNESSES AND TENTH-VALUE THICKNESSES FOR HEAVILY FILTERED GAMMA-RADIATION AND BREMSSTRAHLUNG (BROAD
BEAM CONDITIONS)

Nuclide

MNa

60Co

85Kr

124Sb

I31j

137Cs

l 7nTm

182Ta

,92 I r

198Au

226Ra

232Th

" M o *

T c
131In

" 3 Xe

Uranium

HVT
(cm)

1.0

0.6

0.41

0.58

TVT
(cm)

3.2

1.9

1.26

1.93

Lead

HVT
(cm)

1.7

1.1

0.54*

1.4

0.72

0.65

0.6*

1.2

0.55

1.1

1.3

1.6

1.0

0.3

1.0

0.2

TVT
(cm)

5.6

4.0

4.5

2.4

2.2

2.0*

4.0

1.9

3.6

4.44

5.4

3.0

1.0

3.4

0.6

Iron

HVT
(cm)

2.7

2.0

2.3

1.6

1.9

1.3

1.2

2.3

2.6

TVT
(cm)

9.0

6.7

7.3

5.4

6.3

4.3

3.85

7.35

8.4

Barytes
Concrete

HVT
(cm)

6.0

5.0

5.5

3.2

3.0

5.6

TVT
(cm)

18.7

15.5

18.0

10.6

10.0

18.5

Concrete

HVT
(cm)

9.1

6.3

7.0

4.7

4.9

4.3

4.0

7.0

7.5

TVT
(cm)

30.1

20.3

23.0

15.7

16.3

14.0

13.5

23.3

25.2

Brick

HVT
(cm)

9.0

9.4

6.0

14.7

TVT
(cm)

30.5

31.0

19.9

38.7

HVT
(cm)

18.5

15.0

10.0

5.1*

Water

TVT
(cm)

61.7

49.0

34.0

Aluminium

HVT
(cm)

5.5

1.8*

6.3*

TVT
(cm)

18.0

Approximate values.



TABLE 7.4

Rough

Fibred

EQUIVALENT

Thickness

mm

13

19

25

13

19

25

THICKNESSES OF

*

Ins

0.5

0.75

1.0

0.5

0.75

1.0

50

0.6

0.5

LEAD AND

75

1.4

1.1

OF BARYTES

Generating

100

PLASTER

voltage (kV)

125

Lead equivalent (mm)

1.6

2.4

3.1

1.3

2.1

2.7

1.2

1.7

2.1

1.0

1.5

1.8

150

0.9

1.3

1.6

0.8

1.1

1.4

200

0.7

1.0

1.2

1.8

0.9

1.0

Thickness includes 3 mm (1/8") of barytes finishing plaster.

TABLE 7.5. X RAY SHIELDING REQUIREMENTS FOR A WORKLOAD OF 300 mA MINUTES PER WEEK AT
100 kVp

Primary protective barrier requirements at a distance of
2 meters to reduce exposure to stated level

5 mSv

0.5 mSv

0.05 mSv

Tenth value thickness used

Lead
(mm)

2.37

3.25

4.12

0.87

Concrete of density
2.35g/cm3

(cm)

17.52

23.04

28.56

5.52

7.4. INSPECTION OF X RAY EQUIPMENT AND FACILITIES

New X ray facilities. Routine operation of any new X ray facility should be deferred until
a complete inspection has been made by a qualified expert, the radiation protection adviser or an in-
spector from the regulatory authority and the installation has been declared to be in compliance with
the appropriate standards and government requirements for installation and use.

An inspection must also be carried out after any change in a previously inspected and
approved facility, which might produce a reduction in protection, such as alterations to protective
barriers, replacement of the X ray equipment or changes in operating procedures.

New facilities should be visited by inspectors or whoever is responsible for radiation safety
during construction of the facility. This will help to ensure that construction follows the specifications
provided and by identifying mistakes or poor work will save money and time over that which would
be required if rectification had to occur after the facility was completed. Such inspections should check
the thickness of lead sheet or other shielding material, that there is an appropriate overlap at joins or
at changes in shielding material and that the specified lead glass or lead acrylic shielding windows
have been fitted.

Existing X ray facilities. Inspection of existing X ray facilities which might not have been
previously inspected, could be complex. Information might not be available on the materials used in
the construction of the building and it may be necessary to carry out X ray transmission tests to
determine the amount of shielding provided by the structure.
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TABLE 7.6. LEAD EQUIVALENCE OF VARIOUS MATERIALS FOR LOW ENERGY X RAYS

Material

Clay brick Ref.
10

Barytes plaster
or concrete
Ref. 10 & 11

Steel
Ref. 12

Material

Density
(kg m-3)

1600

3200

7800

Material

Thickness
(cm)

10
20
30
40
50

1.0
2.0
2.5
5.0
7.5
10.0
12.5

0.1
0.2
0.3
0.4
0.5
1.0
2.0
3.0
4.0
5.0

cm lead equivalent at applied kilovoltages of

50

0.06
0.14
0.22
—
--

0.09
0.18
0.23

-
—
—
--

-
—
—
—
-
—
—
—
--

75

0.08
0.17
0.27
0.38

--

0.15
0.27
0.33

—
—
—
--

0.01
0.03
0.05
0.07
0.09

--
—
—
-
--

100

0.09
0.19
0.31
0.45

--

0.18
0.33
0.40

—
—
—
--

0.02
0.03
0.05
0.07
0.09

—
—
—
—
--

150

0.08
0.17
0.26
0.37
0.48

0.09
0.18
0.22
0.43
0.59
—
--

0.01
0.02
0.03
0.04
0.05
0.09
0.17
0.25
0.33
0.40

200

0.08
0.17
0.26
0.37
0.48

0.07
0.14
0.17
0.34
0.50
0.68

--

0.01
0.02
0.03
0.04
0.04
0.08
0.16
0.23
0.30
0.37

250

0.10
0.23
0.40
0.60
0.81

0.06
0.13
0.17
0.36
0.56
0.77

--

—
—
—

0.03
0.08
0.17
0.28
0.38
0.49

300

0.11
0.30
0.55
0.83
1.13

0.06
0.14
0.18
0.39
0.61
0.84
1.08

—
—
--

0.03
0.08
0.19
0.33
0.47
0.63

400

0.13
0.45
0.85
1.27
1.7

0.08
0.16
0.20
0.43
0.68
0.95
1.21

—
—
-

0.04
0.09
0.24
0.43
0.65
0.88



TABLE 7.7. GUIDE TO USE AND OCCUPANCY FACTORS

Assessment of the type and extent of barriers required to protect workers and the general
public will depend on such factors as workload of the X ray unit, use and occupancy factors.

Use factors:

It is the fraction of the treatment during which the primary beam points in a particular
direction.

Occupancy factor:

It is the fraction of the treatment time for which a particular area is likely to be occupied.

Use Factors for Primary Barriers

Floor
Walls
Ceiling

Radiographic

1
1/4
*

Therapeutic

1
1/4
• *

* Generally very low.
** Variable but usually taken to be less than 1/4.

For use as a guide in planning shielding where other occupancy data are not available

Full Occupancy Work areas such as offices, laboratories, shops, wards, nurses' stations;
(T = 1) living quarters; children's play areas; and occupied space in nearby

buildings

Partial Occupancy Corridors, rest rooms, elevators using operators, unattended parking lots
(T = 1/4)

Occasional Waiting rooms, toilets, stairways, unattended elevators, janitor's closets,
Occupancy outside areas used only for pedestrians or vehicular traffic
(T= 1/16)

The inspection of an existing X ray machine of older type will also be different to that for a
new one where checking against the present-day Standards will be likely to show up deficiencies. The
appropriate regulatory authority will need to decide what deficiencies need the most urgent attention
and prepare a priority list for rectification if deficiencies are found to be common.

The inspection report. The inspection report must present details and results of measurements
made, as well as conclusions drawn and recommendations made by the Inspector or Radiation
Protection Adviser. Attention must be drawn to any unusual findings with respect to the X ray
equipment itself, the installation, or operating procedures, which could affect the safety of patients,
operators or other persons in the vicinity.

The following minimum factors should be included in any inspection report:

A sketch plan of the facility, showing locations of the X ray machine, ancillary equipment,
control booth and nature and occupancy of the adjoining areas. For multi-story buildings it
will be necessary to include information about occupancies on the floors above and below the
X ray facility if the construction of the building is unlikely to provide inherent radiation
safety. Poured concrete floors of 15 cm thickness will provide adequate shielding for normal
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diagnostic X ray facilities providing that the floor thickness has not been reduced significantly
by under-floor electrical cable ducting.

Identification of the X ray equipment and its components by: manufacturer model number
serial number approximate age (where available) for the X ray generator, control, X ray table
assembly, X ray tube(s), vertical cassette holder, vertical bucky; as applicable.

Method of support of the X ray tube assembly i.e., floor-to-ceiling tube stand; ceiling
suspended overtable tube; etc. Observations on the operational condition (both electrical and
mechanical) of the X ray equipment at the time of the inspection. Particular attention should
be drawn to conditions which could lead to future malfunctioning of the equipment.

The actual or estimated workload of the facility, with apportionment into the various useful
beam directions and procedures used etc. This may not be necessary at every inspection and
will depend on the amount of previous information which is available about the facility.

Results of radiation measurements both inside and outside the X ray room under 'typical' and
'worst case' operating conditions. The locations at which measurements have been taken must
be marked on the sketch plan of the facility. Results of test measurements carried out on the
equipment according to the different sections of the appropriate Standard to which the
equipment should comply.

Particular attention must be paid to X ray beam collimation and filtration, particularly for
older X ray machines.

An assessment of the condition of protective clothing (body aprons, gloves, gonad shields,
thyroid collars, lead glass eye protectors) as appropriate. An assessment of other protective
devices such as mobile shields, ceiling suspended shields etc.

An assessment of radiological techniques from the point of view of radiation safety. Attention
must be drawn to any practices which are or could be detrimental to the patient or to
personnel working in the facility. Recommendations of improved or safer techniques should
be made in such cases.

A summary of typical technique factors used for common diagnostic X ray examinations.

Result of investigation into any high or unusual personnel monitoring doses. Recommendations
if it is considered that other persons should also be monitored.

Recommendations regarding the need for a follow-up inspection.

The actual content required in inspection reports will vary from one center to another and on
the information about each facility which is held in central registration and license files. For example,
in Western Australia, detailed plans of all fixed installations are held in the central registration files
and detailed sketches are not necessary at each inspection.
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APPENDIX 7.1. MATERIALS FOR X RAY SHIELDING

For the purpose of calculating the transmission of X and gamma rays through shielding
materials, Tables 7.2 and 7.3 will serve as a guide.

1. Shielding materials and half-value thickness

The values of half-value thickness (HVT) and tenth value thickness (TVT) of shielding
materials refer to broad beam conditions.

The values for heavily filtered pulsating and constant potential X ray generators do not vary
by more than 10% and in each case the larger value is shown. The penetration of X and gamma rays
through shields is not necessarily exponential, and the concept of half-value and tenth-value layers is
therefore of limited applicability. The data shown in the Tables 7.2 and 7.3 give an indication of the
shield thickness necessary to achieve an appropriate reduction of dose rate but must be subject to
confirmation by radiation survey in due course.

2. Protective Plasters

Extra shielding can, in some circumstances, be achieved by plastering the walls with a barium
plaster. However, the X ray absorption characteristics of any plaster at the maximum energies
envisaged, as well as those of all other building materials to be used, should be checked before
construction commences, thus avoiding expensive and unsightly backfitting, in the event of the built-in
shielding being inadequate. Details of a typical barium plaster are given in Table 7.4.

2.1. Characteristics and use of barytes premixed gypsum X ray plaster

A typical example of a finishing material suitable for shielding purposes is barytes plaster. It
has the following characteristics:

Density: Average density, set and dry,
Fibred barytes and barytes finish, 2000 kg/m3,
Rough barytes 2150 kg/m3.

Appearance: The plaster has a very smooth finish when applied.

2.2. Performance in radiation control

Tables 7.5 and 7.6 give the equivalent thickness of lead required to give the same protection
as the grades of barytes. The figures are taken from tests carried out by the National Radiological
Protection Board of the United Kingdom. Table 7.6 gives the corresponding figures for various other
substances.

2.3. Durability

If correctly applied, barytes plaster has an indefinite life, its durability depending on the
substrate and conditions of use.

2.4. Application

To give full protection it is essential that the finished plasterwork be completely free of cracks.
Barytes should therefore be applied with considerable care. Barytes finish plaster should be applied
to an even thickness of 13 mm as soon as the undercoat has set. The method of applying the undercoat
grades are as follows:
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Up to 15 mm thick: The undercoat plaster should be applied in two coats, each being laid to
an even thickness. The rendering coat should be deeply scratched to form a crossed undercut key for
the floating coat and the floating coat should be thoroughly scratched to form a key for the finishing
coat.

Over 15 mm thick: The undercoat plaster should be applied in three coats with the rendering
and floating coats laid on the rendering coat and deeply scratched to give a crossed undercut key for
the floating coat.

2.5. Use in combination with concrete

When fibred barytes is to be applied to concrete, metal lath of the highrib type should be used
as a permanent shuttering to give the necessary key. Where this is not possible heavy-gauge metal lath
should be securely fixed to the concrete by any satisfactory method. When neither of these methods
can be used, ceilings can be protected with a barium concrete screed laid on the floor or roof above.

The Radiation Protection Officer (RPO) or the Radiation Advisory Committee may advise on
the thickness of barytes necessary for a particular situation. Since fibred barytes plaster is extremely
heavy, the type of metal lath recommended is 2.5 kg/m2 expanded steel lath.

3. Use of lead sheeting

Various gauges are available commercially and any deviation from these sizes may involve
special manufacture.

Lead sheeted plywood has been known to delaminate causing serious shielding failures where
building contractors have attempted to make up this material on site. Only the professionally
manufactured product incorporating high quality adhesive should be used.

Sheeting with lead backed material will require special attention to fastenings and introduces
weight considerations and additional wall loadings. Whereas in new design work these factors can be
accommodated, backfitting, in the event of a change of use, could be very difficult.

Where raised ceilings are employed for accommodation of cable runs or other services, lead
sheeting may be applied to the underlying concrete. Care should be taken to prevent access to the
intervening space while any equipment is in operation.

3.1. Lead lining and treatment of openings

The radiation facility should be so designed that primary radiation does not strike the door.
Since the door is then exposed only to secondary radiation, the threshold may be arranged as a baffle,
formed by the lead lining of the door and the concrete in the floor (Fig. A.7.1). Darkrooms must have
a protective threshold if they open into X ray rooms.

3.2. Observation window

The window and window frame must have the same lead equivalent as that of the adjacent
wall. Lead sheets in contact with lead glass must have an overlap of at least 1 cm or the thickness of
the lead glass whichever is the greater (Fig. A.7.2).

3.3. Cassette pass-box

These items are now available commercially, but care should be taken to ensure that the
shielded cassette pass-box is mounted so that both workers and photographic materials are protected
from leakage paths adjacent to the box (Fig. A.7.3).
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FIG. A.7.1. Shielding beneath doors not exposed to primary radiation.

Lead glass

FIG. A.7.2. Shielding round the edge of an observation window.

Cassette pass-box

FIG. A.7.3. Cassette pass-box.
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FIG. A. 7.4. Protection of recesses in shielding.

FIG. A. 7.5. Covering of perforations.
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FIG. A.7.6. Overlapping between lead and concrete.
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FIG. A. 7.7. Shielding of doors and door frames.
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3.4. Recesses

If recesses in the barrier for electrical outlets or for servicing access to control panels reduce
the shielding below the level required, they must be covered to give protection equivalent to that of
the required protection barrier (Fig. A.7.4) and be appropriately interlocked.

3.5. Perforations

Nails and screws that perforate lead barriers must be covered to give protection equivalent to
that of the unperforated barrier (Fig. A.7.5).

3.6. Joints at floor and ceiling

The overlap between the lead in the wall and the concrete in the floor or ceiling must have
at least the same width as the thickness of concrete (Fig. A.7.6).

3.7. Doors

The door and door frame must have the same lead equivalent as the adjacent wall. The
protective lead covering the door must overlap that of the door frame by at least 1.5 cm. The
protective lead covering the door frame must overlap the concrete or brick in the wall by at least the
same amount as the thickness of the concrete or brick (Fig. A.7.7).
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8. SAFETY IN MEDICAL USES

With the exception of some dental practitioners, most dental institutions which use ionizing
radiation will need to appoint a radiation protection officer (RPO) who should preferably be one of the
full-time employees in a department. The RPO should normally be a physicist, medical physicist or health
physicist with appropriate experience. RPOs should visit each department to which their advice relates,
particularly in hospitals, and should prepare and review the radiation safety objectives with the heads of
departments, as appropriate. The frequency of the visits should be defined by the extent of the hazards
involved.

Hospitals may wish to retain the services of a radiation protection committee to assist in the
implementation of advice. An example of a Radiation Protection Committee Charter is given in Section
8.6.12.

In hospitals, the heads of departments should be involved in the implementation of radiation
protection requirements, with respect to both staff and patients. Specific arrangements should be made,
in collaboration with the head of the radiology or radiotherapy department, where diagnostic or therapy
equipment is used outside the department which normally carries out radiological examinations or
treatment. Provisions should also be made where radioactive substances are administered to patients
outside the radiology, radiotherapy or nuclear medicine department, e.g., in wards and operating theaters.

Figure 8.1 gives a broad indication of the type of administrative organization that may be suitable
in a large hospital. The interconnecting relationships shown in Fig. 8.1 may be modified in the light of
local circumstances.

1
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Safety
Committee

i
i

Safety
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i
i

Employees

EMPLOYER
i
i

i
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Head of
Department
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Radiation
Protection
Supervisor

i
i

Patients

i
i

Radiation
Protection
Officer

i
i

Support
staff

i
i

Radiation
Protection
Committee

FIG. 8.1. Interconnecting relationships.

8.1. DIAGNOSTIC RADIOLOGY (OTHER THAN DENTAL RADIOLOGY)

This section contains guidance on radiation protection in diagnostic radiology, other than in
dentistry. It covers direct and indirect radiography including computed tomography, indirect fluoroscopy,
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other methods of examination using a generated beam of X rays, such as bone density measurements, and
radiotherapy simulation for treatment planning. (Bone studies and other diagnostic measurements made
with a radioactive source are covered in Section 8.3.) The guidance also applies to the training of medical
radiographers, to research into examination techniques, to examinations of corpses and pathological
specimens, and to occasions when X ray equipment primarily intended for diagnostic examinations,
training or research is used for other purposes, or is being tested, or its radiation output measured, at its
place of use.

Protection in diagnostic radiology is based on the following principles:

(a) radiological examination should be carried out only if it is likely that the information obtained will
be of benefit to the patient or will improve the overall health of the population;

(b) irradiation of the patient during X ray examination should be no greater than is necessary to result
in a satisfactory examination and care should be taken to reduce to a minimum the irradiation of
particularly sensitive tissues, such as the female breast, red bone marrow, lung and gonads;

(c) shielding for primary and secondary radiation should be close to the equipment or patient;

(d) X ray equipment should be used only when there is adequate protection for all persons in all
surrounding areas.

Gloves, aprons and eye protectors are not designed to provide adequate protection from an unat-
tenuated primary beam but only from primary radiation transmitted through the patient and from scatter.

Gloves should be available with protective equivalent throughout both front and back (including
fingers and wrist) of not less than 0.25 mm lead for X rays up to 150 kV.

In addition body aprons should be available with a protective equivalent of not less than 0.25 mm
lead for X rays up to 100 kV and not less than 0.35 mm lead for X rays over 100 kV.

A range of protective clothing should be provided in all X ray rooms and for use with mobile and
portable X ray generators, and worn in accordance with local rules.

Aprons should not be folded; when not in use they should be supported in a suitable manner, for
example, by draping them over a rail of sufficiently large diameter to prevent damage. Both, gloves and
aprons should be examined visually at frequent intervals. They should be thoroughly examined at least
once a year to ensure that no cracks have developed. Radiographic examinations are only likely to be
justified when the protective material is covered. Any defects in protective clothing found by the wearer
should be reported immediately and defective items should be replaced as soon as possible.

8.1.1. Radiography

Exposure factors should be checked by the operator on each occasion before an examination is
made.in addition, the X ray exposure should be controlled from the control panel, and the exposure switch
should be so situated that the operator cannot leave the protected area during the exposure. Where this
cannot be done, the local rules should specify alternative protective arrangements which should be
followed. In such cases, staff not behind protective panels should wear protective clothing. The operator
should always have a clear view of the patient and any entrance to the X ray room. Control cubicles and
panels should have protective windows.

The imaging system should be chosen to ensure minimum dose to the patient consistent with
obtaining adequate diagnostic information. Doses to patients and staff should be reduced by using low
attenuation materials in ancillary equipment, such as carbon fibre in tables and cassettes, and rare earth
intensifying screens should be used wherever clinically possible.
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Some procedures, e.g., soft tissue radiography, may require less filtration than for general
diagnostic work. If dedicated equipment is not used, a notice clearly visible from the control panel should
be displayed on the tube housing stating the filtration present, or the filtration should be interlocked. The
total filtration should never be less than the equivalent of 0.5 mm aluminum (0.03 mm molybdenum), so
no attempt should be made to remove all the additional filtration if the X ray tube has a beryllium
window. After an X ray tube for general examinations has been used for soft tissue procedures, the full
additional filtration should be replaced. Specially designed equipment should be used for mammography.

The focal spot to skin distance should never be less than 30 cm, and preferably not less than 45
cm, when stationary equipment is used. For radiography of the chest the distance should not be less than
60 cm. In tomography, centering, collimation and level selection are important factors affecting reduction
of patient exposure.

Protection of the lens of the patient's eye by lead or lead containing shields may sometimes be
valuable in hypocycloidal tomography and cerebral angiography. Lead eye shields should be covered, e.g.,
by plastic.

As with other types of radiography, radiation is transmitted through the part of the patient's body
under examination and the emergent beam falls on an image detecting surface such as a fluorescent screen
(Fig. 8.2). In radiography a relatively intense radiation beam of short duration produces an instant image
which is recorded, usually on film. In fluoroscopy a relatively low intensity, continuously generated
radiation beam is viewed, usually via an image intensification system with television, and with video
recording for a permanent record.

( a )

X rav tube or radiation so

Patient

Imageof
organ under
examination

Image
intensifier

(b )

TV
monitor

FIG. 8.2. Medical diagnostic radiology: (a) radiography, (b) fluoroscopy.

8.1.2. Fluoroscopy

Fluoroscopy should be carried out only when radiography alone is not expected to provide the
required information, e.g., in dynamic studies, and should be under the direct control of an adequately
trained clinician. In order to reduce patient exposure, image intensifiers should be used.

Direct fluoroscopic examinations without the use of image intensifiers should be carried out only
in very exceptional circumstances, in view of the relatively high dose to patients and staff from this type
of examination.

Fluoroscopy should be conducted for short periods rather than continuously if this is clinically and
technically feasible. This may be achieved either by operator control or by using a pulsed system with
image storage to maintain the display. Under no circumstance should the X ray tube be energized when
the person carrying out the examination is not looking at the monitor. Full use should be made of the
timing device which gives audible warning shortly before the pre-set time has been reached and the
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exposure terminated. Display of the time of operation on the television monitor can also help to reduce
the exposure time. The accumulated exposure time should be noted in the patient's record.

The absorbed dose rate at the skin of the patient should not exceed 0.1 Gy min"1; it should not
normally exceed 0.05 Gy min1 even for direct fluoroscopy and should be well below this when an image
intensifier is used. For manually controlled systems, the fluoroscopic factors that give these dose rates
should be determined for each X ray tube and incorporated in the local rules. Using a good image
intensifier with a caesium iodide input phosphor and well adjusted television system, adequate image
quality should be achievable with an absorbed dose rate at the skin of the patient of no more than 0.01
Gy min"1. If automatic brightness (or video gain) control is provided, the adequate level of screen input
air kerma rate should be selected.

The smallest field sizes should be used. It should, however, be recognized that reduction of field
size when using some automatic brightness (or video gain) control systems may increase the dose rate
proportionately: the removal of any grid which may be present will reduce the dose to the patient.

The ambient light level in the examination room should be low as television monitors give better
image contrast and resolution when set to low-to-moderate brightness. Where direct fluoroscopy is still
used, complete dark adaptation (requiring at least 10 minutes) is essential.

Continuous cinefluorography should not be undertaken in view of the very high absorbed doses
delivered to patients. Acceptable alternatives are pulsed cinefluorography or video recording.

When stationary equipment is used, the focal spot to skin distance should never be less than 30
cm, and preferably not less than 45 cm. For fluoroscopy of the chest these distances should be 45 cm and
60 cm, respectively.

During fluoroscopy with the patient in the erect position a radiographer or any other person who
stands near the radiologist should ensure that in taking up such a position they are protected by the
intensifier, its surround and the protective aprons suspended from it: they should not stand to the side of
the patient where scattered radiation is highest.

During fluoroscopy with the patient in the horizontal position, the tube should be under the patient
with the image intensifier as close to the patient as possible. Particular care is necessary if use of an
overcouch or C-arm tube is unavoidable, both to prevent inadvertent insertion of the hands or head into
the primary beam and to avoid exposure to scattered radiation. Whenever possible, examinations should
be carried out from the remote control panel. When it is necessary for persons to be near the table, e.g.,
for specialized examinations involving catheterization, they should keep as far from the patient as they
can, wear protective clothing and eye shields and make the maximum use of protective drapes or plastic-
lead shields suspended from the X ray tube assembly. Consideration should be given to monitoring the
eye doses of such staff.

During fluoroscopy, palpation with the hand should be reduced to the minimum. It should only
be undertaken on the image receptor side of the patient and therefore should not be carried out at all with
an overcouch tube. A protective glove with a lead equivalent thickness of at least 0.25 mm for up to 150
kV should always be worn during palpation. The need to wear a finger-tip dosimeter should be considered.
The presence of the glove used for palpation can cause an increase in absorbed dose rate when automatic
brightness (or video gain) control is used; care should be taken to minimize this effect.

During fluoroscopy when radiography is to be undertaken, the use of a camera (e.g., 100 mm) for
recording images from the image intensifier (rather than direct radiography using a large cassette) may
greatly reduce the radiation dose to the patient and to any staff in the room.

It is important, particularly in training establishments, to emphasize that fluoroscopy should be
undertaken with the minimum diaphragm opening necessary.
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Precautions with CT scanners

During 'warm up', persons should not be allowed to enter or remain in the examination room
when a separate room has been provided. If there is no separate room all persons should remain behind
protective barriers during 'warm up'.

The RPO should advise on protection for staff who have to remain in the examination room
during clinical procedures.

An operator should be at the control panel of a CT scanner while high voltage is applied to the
X ray tube, since the equipment will not normally have an exposure switch which has to be pressed
continuously.

Small departments and other institutions without qualified radiographic staff

In some hospitals and other institutions, persons who have no radiographic qualification are
obliged occasionally and in cases of emergency to make an X ray examination. No one should be allowed
to do this before adequate training has been received. Responsibility for ensuring that this instruction has
been given lies with the employer. Employers should seek the advice of radiologists and radiographers
to determine the examinations which may be so carried out and the techniques which should be used in
such circumstances.

8.2. DIAGNOSTIC AND THERAPEUTIC USES OF UNSEALED RADIOACTIVE SUBSTANCES

This section applies (a) to the use of unsealed (dispersible) radioactive substances which are
administered to human subjects for diagnosis, treatment or research and (b) to the use of unsealed
radioactive substances for in vitro tests made for the purpose of clinical diagnosis and for biological and
biochemical studies as well as (c) to the use of radioactive substances for testing and calibrating equipment
used under (a) and (b).

This section does not apply to the rare use of unsealed alpha emitting radionuclides for medical
purposes. The advice of the RPO should be sought on the additional precautions and special procedures
needed when handling such materials before any decision concerning their use is taken.

Radiopharmaceuticals intended for administration to patients should be prepared in a manner
which satisfies both radiation safety and pharmaceutical quality requirements. Appropriate aseptic
precautions should be taken. A distinction is made in the latter between those preparations made using
'open' procedures and those made from kits using 'closed' procedures to be administered on the day of
preparation. Guidance is given in the IAEA Technical Reports Series No. 194. For radiopharmaceuticals
prepared using 'open' procedures full aseptic conditions are required. The radiation safety requirements
of the preceding paragraphs will continue to apply with the following modifications:

(a) There should be an air-locked hatch through which materials (including radioactive substances and
radioactive waste) can be passed in and out;

(b) Entry should be through a changing room with a step-over barrier to divide clean and dirty areas.
This room serves as an airlock to maintain aseptic conditions. A wash-hand basin should be sited
in this room;

(c) Sinks should preferably not be sited in the aseptic room;

(d) A contained work station should be provided;
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(e) To maintain aseptic conditions the radiopharmacy should be supplied with air filtered so as to
maintain the room at a positive pressure in relation to surrounding areas. It is therefore essential
that no radioactive dust or vapor should escape from the contained work station into the room,
as it might then pass to other rooms. An emergency cut-off switch for the supply fan might be
provided in the aseptic room for use in the event of a major spillage.

For radiopharmaceuticals prepared from kits using 'closed' procedures and which are to be ad-
ministered on the day of preparation a full aseptic room may not be required. Aseptic manipulation should
be performed within a contained work station situated within a room which is maintained to a high
standard of hygiene, and is supplied with filtered air (i.e., a controlled area).

When excreta are collected for decay or when samples are needed for clinical reasons, a store
should be provided for the temporary retention of radioactive specimens. The store should have, or be
situated close to, a sluice and a wash-up area. If measurements of radioactivity in excreta are required,
the measuring equipment should be provided adjacent to this store in order to minimize the risk of
spreading contamination.

Some specimens of blood, urine, etc, which are sent for analysis (e.g., to a branch of a pathology
laboratory) may be radioactive substances which need to be accounted for.

In addition to the general recommendations outlined above, the area for administration of
radioactive substances should be large enough to provide ample space, not only for the patient and staff,
but also for any trolleys of equipment used in the administration of radioactive substances. This also
applies in circumstances where radioactive substances may be administered to patients in areas used for
clinical measurements (e.g., in dynamic investigations). Shielded storage may be needed for radioactive
substances prior to administration, and for surplus substances, waste and contaminated equipment
afterwards.

Where an area for decontamination of persons is provided, it should be equipped with a large
wash-hand basin with detachable spray head. Such an area should be provided if it has been agreed to
accept casualties contaminated with radioactive substances from outside the establishment. Consideration
should be given to including a shower in such an area.

In addition to the warning signs required for controlled areas, all working areas where unsealed
radioactive substances are present should be marked with a sign indicating ionizing radiation.

Examples of layouts or nuclear medicine departments are given in Fig.8.3.

General procedures in laboratories and radioisotope departments

The advice of the RPO should be sought before new procedures are introduced or major changes
are made to existing procedures. The RPO should be given the opportunity to review the procedures from
time to time. Extremity monitoring may be of particular use in planning and reviewing operational
procedures. New or changed procedures should be tried out by dummy runs, with or without radioactive
substances.

Operating procedures should be designed to prevent spillage occurring and, in the event of
spillage, to minimize the spread of contamination from the working area. This is necessary not only in
the interests of the safety of persons but also to prevent interference with assay of samples containing
radioactivity. Dispensing of radioactive substances including elution from a radionuclide generator, should
be done in a contained work station, especially when particulates, aerosols, vapors or gases are involved.
All manipulations should be carried out over a drip tray in order to minimize the spread of contamination
due to breakages or spills. No object should be so large that it interferes unacceptably with the air pattern
in a contained work station.
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FC = Fume Cuoboard.

Small radionuclide scanning unit.

FC = Fume Cupboard

Medium size radionuclide scanning department.

FIG. 8.3. Small and medium sized radionuclide scanning units (scale 1:100).

No food or drink (except that used for diagnostic purposes), cosmetics or smoking materials
should be brought into a laboratory where unsealed radionuclides are used, neither should they be stored
in a refrigerator used for unsealed radioactive substances. Also crockery and cutlery should not be brought
into the laboratory either for washing or storage. Handkerchiefs should never be used in these areas; an
adequate supply of paper tissues should be provided.

Any cut or break in the skin should be covered before a person enters an area where unsealed
radioactive substances are handled. Dressings should incorporate a waterproof, adhesive strapping. Anyone
sustaining a cut or other break in the skin while in the area should have first aid immediately as specified
in the local rules and the RPO should be contacted.
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When an area is designated as controlled on account of the potential for contamination, anyone
working in or visiting the area, except as a patient, should wear the protective clothing provided. On
leaving a controlled area all protective clothing unless disposable should be monitored before removal and
if contaminated placed in the container provided. The method of removing gloves should be based on the
surgical technique so as to avoid transferring activity to the hands or to the inner surfaces of re-usable
gloves; this applies also when putting on re-usable gloves. If re-usable gloves are found to be
contaminated they should be cleaned in the wash-up sink and re-monitored before removal.

Staff leaving a controlled area (designated on account of the potential for contamination) should,
after removing protective clothing, wash their hands and then monitor their hands, clothing and body.
Soap and disposable towels or hot air drying equipment should be provided. Non-abrasive nail brushes
should only be used if contamination persists after simple washing.

Equipment provided specifically for the safe handling of unsealed radioactive substances should
always be used. Such equipment should not be moved from the working area. Pipettes should never be
operated by mouth.

The working area should be kept tidy and free of articles not required for the work. It should be
cleaned often enough to ensure minimal contamination. If at any time it is found that contamination
exceeds two to three times background immediate action is necessary. Cleaning methods should be chosen
so as to avoid raising dust and spreading contamination. Articles used for cleaning controlled or supervised
areas should be restricted to these areas. They should be monitored periodically, and if necessary, disposed
of as radioactive waste. Cleaning and contamination control may be simplified by using disposable items
and (except where this conflicts with aseptic requirements) by covering benches and the interior of drip
trays with disposable absorbent material such as plastic-backed absorbent paper. Such contaminated
disposable items should normally be treated as radioactive waste after use; they should be removed with
forceps or while wearing gloves.

Shielding should be provided against external radiation whenever there is an appreciable
instantaneous dose rate (i.e. more than 7.5 u,Sv h"1), especially when handling activities for therapeutic
purposes and for some diagnostic investigations with short lived radionuclides. Use should be made of
local shielding, particularly in respect of a radionuclide generator.

Syringes used for handling gamma (e.g., 99Tcm) or high energy beta emitters should be shielded.
The distance between the fingers and the radioactive substance should be as large as possible in the
circumstances. The radioactive substance for each administration should not normally exceed 50 per cent
of the syringe capacity. Consideration should be given to the need for extremity dosimetry.

The activity administered to a patient, whether for therapy, diagnosis or research, should be
controlled and should be checked before administration. Equipment used for this purpose should be
checked daily using a test sealed source and should be calibrated at quarterly intervals with standard
sources which should be sealed sources unless these are not commercially available. Detailed records
should be kept of all administrations of radioactive substances as part of stock control and may also be
recorded in patients' records.

Radioactive substances should be clearly labelled, indicating the radionuclide, chemical form, and
activity at a given date and time, and batch number if appropriate.

Quality control on radiopharmaceuticals should include checks for radioactive impurities when
these are liable to be present. This applies particularly to short lived radionuclides where a longer lived
impurity may be present. The eluate from a radionuclide generator should therefore be checked for
'breakthrough' of the parent nuclide (e.g., "Mo) before the first administration and, where the generator
is still in use (e.g., for ll3Inm), monthly thereafter.
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To reduce the radiation dose to the patient's thyroid, the use of a thyroid blocking agent should
be considered if radio-iodine in certain forms is to be administered.

When radioactive gases such as 133Xe or aerosols are administered, a buildup of airborne activity
within the room should be avoided by conducting exhaled breath directly out of the building or by
trapping it in a shielded leak-free container or filter. With very short half-life gases (e.g., "'Kr171) these
precautions may not be necessary.

Persons to whom unsealed radioactive substances are administered should receive instructions on
precautions to be taken and if necessary on any hazards involved (see also Section 8.9).

Equipment, such as a gamma camera, used for diagnostic tests on patients should be checked
regularly in order to maintain it in its optimum condition and thereby avoid loss of diagnostic information
or the need to administer excessive or repeat amounts of radioactive substances.

Maintenance work on all equipment which might be contaminated, particularly enclosures for
controlling airborne activity, ventilation trunking, sinks and wastepipes, should be carried out under the
supervision of the RPO and in accordance with local rules.

8.3. DIAGNOSTIC USES OF SEALED OR OTHER SOLID RADIOACTIVE SOURCES

This section contains guidance on the use of sealed or other solid sources for diagnostic purposes
such as bone mineral measurements, X ray fluorescence scanning of the thyroid and neutron activation
analysis.

The guidance in this section applies also when the equipment is being used for experimental
purposes or is being tested or calibrated at its place of use and when sources are being changed.

Whenever reasonably practicable, sources used in diagnostic and analytical equipment should be
sealed sources conforming competent authority regulations. Attention should be paid to the supplier's
recommendations on working life and environment of use. Sources with the lowest activity consistent with
satisfactory clinical results should be selected for these applications.

No new source should be used until a leak test has been carried out; a further leak test should be
made at least every one to two years as regulated by the competent authority.

Except in certain instances, sources should be mounted, either permanently or when the equipment
is in use, in a housing which has an aperture for the radiation beam. The aperture should be such that the
radiation beam will not irradiate a greater part of the patient's body than is necessary. A high degree of
collimation will be needed for most scanning techniques.

Shutters should be interlocked and operated, for example, by means of a patient-presence sensor.
For a scanning device the opening and closing of the shutter may be linked with the scanning movement.
Equipment which has a manually operated shutter, which has to be pressed by the operator throughout
the diagnostic test and which closes the shutter when pressure is released, should be provided with a lock
so that the shutter cannot be opened accidentally when the equipment is not in use.

The equipment should be clearly marked to indicate (a) that it contains a radioactive source and
(b) whether any shutter or cover is open or shut and the marking should include a radiation warning sign.

In the case of equipment where the radiation beam is transmitted through the patient, the detection
system should fully intercept the emerging beam and be effective as a beam stop. Preferably, the source
housing and the detection system should be mechanically linked so that this condition is met whenever
the shutter is open.
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A different relationship between source and patient may be needed occasionally; for example, a
technique in which the patient grips a 252Cf source within a moderator for neutron activation studies.
Here the source should be in a shielded housing with an aperture large enough only for the hand and there
should be a lockable cover for the aperture when the equipment is not in use.

If the equipment is to be used exclusively for examining pathological specimens, e.g., bones, it
should be completely enclosed and provided with a loading drawer mechanism.

Operating procedures. The patient should be properly positioned before the shutter is opened,
cover removed or the source brought into position, and should not be exposed to the radiation beam for
longer than is necessary to carry out the diagnostic test.

No one other than the patient should be exposed to the radiation beam. Particular care should be
taken that the fingers of staff are neither exposed to the beam nor placed close to a fluorescence or
backscattering device. This applies not only during a diagnostic test but also during any calibration or
experimental work when no patient is present. If the shutter or cover does not operate automatically the
aperture should be closed immediately after the test. When the equipment is not in use it should be made
safe, e.g., by means of a secure locking mechanism, or kept in a locked room or store.

Where it is necessary to remove or replace sources, e.g., for storage purposes, they should never
be handled directly. A shielded handling tool should be used.

8.4. DENTAL RADIOLOGY

This section applies to the use of equipment specifically designed for radiography of the teeth or
jaws including radiography using an intra-oral film (or, with the same equipment, an extra-oral film),
panoramic tomography with an extra-oral X ray tube, panoramic radiography with an intra-oral X ray tube
and cephalometric radiography. While primarily concerned with the use of the equipment for the
examination of patients, the guidance is also relevant during testing, measurement of the radiation
produced, staff training, research into examination techniques, the examination of volunteers in approved
research projects and other uses at the place where the equipment is normally used. Reference should be
made to Sections 8.1-8.3 if general purpose X ray equipment is used.

Dental radiography should be carried out in a room (the X ray room) from which all persons
whose presence is unnecessary are excluded while X rays are being produced. This room, which may be
a dental surgery or a separate examination room, should not be used for other work or as a passageway
whilst radiography is in progress.

The X ray room should be large enough to provide safe accommodation for those persons who
have to be in the room during X ray examinations. Dental X ray equipment should be installed so that the
person operating it can be at least 2 m from the X ray tube and from the patient and therefore well outside
the radiation beam. If this distance is achieved the operator is unlikely to be exposed to an instantaneous
dose rate exceeding 7.5 JISV h"1.

In addition to the protection by distance recommended in the preceding paragraph, protective
panels having a protective equivalent of not less than 0.5 mm of lead should be provided if the workload
is likely to exceed (a) 150 mA min per week1 for panoramic tomography; or (b) 30 mA min per week
for other procedures.

It is unlikely that this workload would be exceeded in a surgery where 300 intra-oral films are used, or 50 panoramic examinations
made, each week.
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Persons in all occupied areas outside the X ray room should be adequately protected. Adjacent
areas, for example, those used as waiting rooms, should not be controlled or supervised areas. The X ray
room should be arranged so that:

(a) the radiation beam is directed away from those areas;

(b) use is made of the natural shielding of the walls, floor and ceiling of the X ray room where these
are relatively thick or dense, e.g., of brick or concrete; and

(c) advantage is taken of the reduction in radiation level by distance.

If the normal structural materials do not afford sufficient shielding (e.g., a light weight partition
wall may sometimes be in the radiation beam), protective material such as lead ply should be attached to
the wall concerned. The equipment should be installed so that the useful beam is directed away from any
door or window, if the space immediately beyond is occupied.

There should be a radiation warning sign, together with any appropriate words on any X ray room
door that opens directly into an area where the instantaneous dose rate is greater than 7.5 |j.Sv h"1.

When the controlled area extends to any entrance of the X ray room an automatic warning signal
should be given at that entrance while radiation is emitted.

If more than one X ray set is sited in any room, e.g., in open plan accommodation, then
arrangements should be made in consultation with the RPO to ensure that patients and staff are adequately
protected.

General procedures. Since the beam is not always fully attenuated by the patient, it should be
considered as extending beyond the patient until it has been attenuated by distance or intercepted by
primary protective shielding, e.g., a brick wall. The tube housing should never be held by hand during
an exposure. The operator should stand at least 2 m away, making use of the full length of cable to the
exposure switch. Where a protective panel is provided the operator should stand behind it.

For ordinary dental radiography and for panoramic tomography, the operator should be outside
a controlled area if the advice on avoidance of the beam and the protection afforded by distance is
followed and, therefore, should not need to be designated as a classified person.

Any staff who enter a controlled area should either be classified persons or do so under a written
system of work, which may include the need to wear a personal dosimeter. Operators who undertake
significant numbers of radiographs, i.e., greater than 150 intra-oral films per week, should wear a personal
dosimeter: the period of issue may be up to three months.

Where equipment provides a choice of beam sizes, the smallest reasonably practicable should be
used.

The operator should check that the equipment warning light and, where provided, any audible
warning signal operates at each exposure and ceases at the end of the intended exposure time. If the
warning does not operate or there is reason to think that the timer is defective or that there may be some
other fault (e.g., signs of damage, excessive X ray tube temperature), the equipment should be
disconnected from the supply and not used again until it has been checked and, if necessary, repaired.

Films and processing. The fastest available films consistent with satisfactory diagnostic results
should be used. Intra-oral films should be of ISO speed group E or faster. Extra-oral films should be of
the 'screen' type and should be used in a cassette with intensifying screens.
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Strict attention should be paid to correct and consistent film processing so as to produce good
quality radiographs and avoid the necessity for examinations to be repeated. The temperature of the
developer should be checked prior to film processing and the development time adjusted in accordance
with the film manufacturer's instructions. The developer should be changed at least once per month.

Intra-oral film radiography. This section applies to the use of intra-oral films wholly (standard
or small periapical or bitewing) or partly (occlusal) in the mouth: also to the use of extra-oral films with
similar equipment.

A field-defining spacer-cone should be used. When alternative cones are available or
interchangeable cones are provided, the one most suited to the technique to be employed should be fitted.
The tip or open end should be placed as close as possible to the patient's head to minimize the size of the
incident beam: beam diameters should not exceed 6 cm. If it is desired to use a larger focal-spot to skin
distance a longer cone should be employed.

The beam should not be directed towards the gonads. If the patient is a women who is, or who
may be, pregnant, care should be taken that the fetus is not irradiated inadvertently. Where such a beam
direction cannot be avoided, the patient's body should be covered by a protective apron having a
protective equivalent of not less than 0.25 mm lead.

The dental film should be held by the patient when it cannot otherwise be kept in position. It
should never be hand-held by anyone else. Exceptionally it may be held by someone other than the patient
using a pair of forceps to avoid direct irradiation of their fingers, for example, when a child or a
handicapped person cannot hold it themselves. In such cases protective gloves and aprons should be worn
in accordance with advice obtained from the RPO.

The exposure factors should be checked by the operator on each occasion before an examination
is made. This is particularly important when a short cone is used after a long cone and when there is more
than one beam size setting; the larger apertures may be quite unsuitable for use with intra-oral films.

Intensifying screens should be used with extra-oral films and for vertex occlusal views.

Panoramic tomography. The irradiation switch should be released immediately to avoid high
localized exposure of the patient if the rotational movement fails to start or stops before the full arc is
covered.

Panoramic radiography with an intra-oral X ray tube. Beam applicators should be used to
minimize the absorbed dose to tissues, such as the tongue, which do not have to be irradiated for the
production of a satisfactory radiograph. Care should be taken in positioning the X ray tube in order to get
satisfactory and consistent results. Film-screen combinations should be used also in this technique. The
tube current can easily be reduced by a factor of 10 resulting in a reduction of the focal spot size. Non-
screen films should not be used any longer since they are not state of the art.

8.5. VETERINARY RADIOLOGY

This section applies to:

(a) any use of X ray equipment where the primary use of that X ray equipment is for examination
of animals in veterinary practice, medical research, or veterinary research;

(b) any use of X ray equipment where that X ray equipment is primarily used for training persons in
the techniques of diagnostic examination of animals or for research into those techniques; and
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(c) the testing of, or the measurement of radiation produced by any X ray equipment mentioned at
(a) or (b) above, where that testing or measurement is carried out in the premises where the X ray
equipment is normally used.

The work should be carried out in a room or enclosure that provides adequate shielding. All
persons who are not directly concerned with the work should be excluded.

If the work cannot be carried out in a special facility because of practical or clinical
considerations, e.g. in domiciliary or ward radiography, then the area in which it is done should have all
unnecessary persons excluded during the exposure. In deciding whether patients in adjacent beds should
be moved in ward radiography the following points should be taken into account: (a) the clinical
implications of moving them; and (b) the increase in dose over what they may have already received as
a medical exposure.

A device should be provided which will automatically give a signal to any person operating the
main control panel of any X ray equipment that an X ray tube is in a state of readiness to emit X rays.

For permanently installed equipment a device should be provided at the entrance to the room
which will automatically give a warning signal when any X ray tube is in a state of readiness to produce
X rays. This warning device should continue to operate all the time that the X ray tube remains in this
state and also when it is emitting radiation.

Avoidance of exposure to the useful beam. No person other than a person undergoing
examination should be exposed to the useful beam of the X ray equipment except as indicated in the
paragraph below:

Only in exceptional circumstances should a patient or animal undergoing a diagnostic examination
be supported or manipulated by hand. When a patient is being supported by another person the
radiographer should arrange the exposure to avoid that person being in the incident beam. The person
supporting or manipulating the patient or animal should wear a protective apron and be as far outside the
beam as is practicable. Protective gloves should be worn if the hands are likely at any time to be close
to the incident beam. Dosimetric measurements should be made when these procedures are carried out by
employees. For persons other than employees, the circumstances in which personal dosimeters should be
worn should be described in local rules and any relevant written systems of work as appropriate.

Any new fluoroscopy facility, or one which is substantially rebuilt or modified after these
regulations come into force, should be provided with a means of viewing which does not permit direct
vision of the fluoroscopy screen. On existing equipment where such facilities are not an integral part of
the design, persons should not look directly at any fluoroscopy screen.

Where it is possible from a single location to initiate the production of X rays from more than one
X ray tube, each X ray tube should be provided with means for automatically giving a warning signal
whilst that X ray tube is selected to emit X rays.

Control of X ray production. The means of initiating and terminating the production of X rays
should be such that:

(a) their design reduces the likelihood of X rays being produced inadvertently;
(b) effective means are provided and maintained for automatically terminating the production of X

rays when the desired exposure is complete;
(c) manual means are provided for isolating the equipment from electricity supply;
(d) where switches are provided for fluoroscopy they should be so connected that they cannot

energize X ray tubes that are not intended for fluoroscopy;
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(e) means are provided and maintained on any fluoroscopic X ray equipment to ensure that a
fluoroscopic exposure is not possible unless the image receptor is correctly positioned with respect
to the X ray tube.

8.6. MEDICAL TELETHERAPY

8.6.1. Introduction to medical teletherapy

Teletherapy machines using sealed sources of radioactive material have been in use since 1952.
Figure 8.4 shows the layout of a typical rotational unit. The basic design and operation of these units has
not changed much over the years except for improvements of the safety features (interlocks and shielding),
treatment controls and accessories.

Shielded
safety container

Source

Tumour
Patien'

FIG. 8.4. Teletherapy unit.

The typical radiation sources used for teletherapy include:

Co-60, typically some 100-500 TBq (2.5-12.5 kCi), and Cs-137 of 50-100 TBq (1.25-2.5 kCi);
Electron accelerators (mainly linear accelerators) producing electron beams or X rays within the
range 4-10 MeV;
X ray sets from 20 kVp to 250 kVp, depending on the penetration required.

The primary function of a teletherapy unit is to deliver a precise dose of radiation to a well
defined area of the body. This is done by aiming the beam at the target area and controlling the dose
delivered by controlling the time the source is exposed or 'ON' . A unit of this type with heavy moving
parts, electrical power and a source of radiation presents a variety of hazards to patients and operators.
The hazards from collision and electrical shock will not be covered in this section. Techniques for
reducing the radiation hazards from the sealed source will be the topic discussed.

Most teletherapy machines use cobalt-60 as the source of radiation, although some older units use
caesium-137 sources. The basic design and safety features of the units are the same for the two sources.
Since cobalt is the more common of the two, this talk will only refer to cobalt-60 sources. Section 6
covered the design and testing of sealed sources. This material will not be repeated except to show the
general configuration of teletherapy sources. Figure 8.5 shows a common capsule used to house the cobalt
slugs or pellets. It is a double walled, welded stainless steel capsule. The potential for radioactive material
leaking out is very small.

This section will concentrate on the design and testing of those parts of a teletherapy unit which
house and control the radiation source, namely the head, controls, interlocks and the transfer flask or
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Source capsule and cross-section

FIG. 8.5. Typical teletherapy source capsule.

shipping container. (Transport conditions and licensing of shipping containers will be covered in Chapter
11). Most examples are based on the Theratron series of machines designed and manufactured by
Theratronics, formerly AECL Medical. Other manufacturers' units tend to follow the same or similar
principles, sometimes using different designs.

When designing and testing a teletherapy unit, there are three groups of people to be considered.
These are operators, patients and service personnel.

Each group is subjected in a different way to potential radiation hazards as follows:

Operator:

Patient:

- source not in the 'off or fully shielded position with the treatment room door open;
- high head leakage in the source 'off position.

- excess collimator leakage in the 'on' position;
- source not fully 'on';
- wrong exposure time or wrong field exposed.

Serviceman: - same as operator above plus;
- high leakage during source transfer;
- loose contamination around the source mechanism.

When designing a teletherapy unit the two commonly used methods of protecting against these
hazards are shielding and interlocks. This discussion will cover a standard machine (without special
features) designed to meet most of the current standards and licensing requirements.

Current standards and licensing requirements. The most used and accepted standards for
machines of this type are the recommendations of the International Commission on Radiological Protection
(ICRP) [8.1] [8.2]. The USA has its own standards body, the National Commission on Radiological
Protection (NCRP) [8.3], dealing with teletherapy units. The ICRP and NCRP standards relate solely to
the radiation hazards from sealed sources, thus they are the most relevant to this discussion.

Some countries have added requirements of their own covering interlocks and displays. Since the
above standards only cover hazards from radiation, some licensing agencies have also added their own
standards for non-radiation hazards and treatment efficacy.

The International Electrotechnical Commission (IEC) has filled these gaps recently by issuing
standards for all types of hazards relating to teletherapy units including radiation. Publication 601-2-11
[8.4] is specific to gamma beam therapy equipment.
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Radiation leakage standards - BEAM OFF. One of the first and most important standards
established by the various advisory commissions was leakage radiation levels from the head of a
teletherapy machine. There are two basic conditions considered one with the source 'off and the other
with the source 'on'.

The source 'off condition is the governing condition when setting the loading capacity of a head.
The definition of HEAD CAPACITY is "the source loading which will result in maximum permissible
'off head leakage". The various commissions and competent authorities have agreed to the following
leakage levels.

At one meter from the source the leakage shall not exceed 0.2 mGy/h (20 mrad/h) averaged over
100 cm2. At 5 cm from the surface of the shielding the leakage shall not exceed 0.2 mGy/h (20 mrad/h)
averaged over 10 cm2.

Radiation leakage standards - BEAM ON. The main purpose of limiting leakage radiation with
the beam 'on' is to protect the patient from unwanted radiation outside the target volume. For areas around
the head where the patient is not located there is the requirement not to exceed the shielding limits of the
treatment room or scatter excess radiation back to the plane of the patient.

Leakage through the collimating devices is limited to 2% of the useful beam for a 10 cm x 10
cm field. Leakage levels on a 2 meter radius in the plane of the patient have been suggested by the IEC
and are not to exceed a maximum of 0.2% and an average of 0.1% of the useful beam for a 10 cm x 10
cm field. In areas around the head, 1 meter from the source, the leakage is not to exceed 0.5% of the
useful beam. Transition leakage levels are also recommended by the IEC at 0.5% of the useful beam at
1 meter from the source.

8.6.2. Safety in design of teletherapy equipment

The most important component when considering radiation safety is the head and source
mechanism. The head houses the radioactive source and allows it to move to and from the fully shielded
or 'off position to the exposed or 'on' position. Figure 8.6 shows a common design for a head and source
mechanism. Some units use a rotating wheel which moves the source from the fully shielded or 'off
position to the exposed or 'on' position, while others use a moving shutter and leave the source fixed.

SOURCE sounci Hue
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HEAD SWIVEL SCALE

AIR CYLINDER EIIED COUIMAlOfl
SHIELDING

PRIMARY OtFlNEH

IAWER TUBE

COHIMA10R LEAVES

TRIMMER BARS

FIG. 8.6. Head of a teletherapy unit.
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Regardless of the method used, the prime purpose of the head and source mechanism is to store the source
in a safe position while the patient is being set-up and then expose the source for the correct length of
time.

The design and construction of the heads must ensure the radiation leakage does not exceed
licensing limits and the shielding remains in place during any emergency such as a fire. Most therapy
heads are steel castings filled with lead as the primary shielding material. To reduce the overall size of
the head a tungsten or depleted uranium block is used around the source in the 'off position. The lead
pouring operation is very critical since no voids can be allowed if the unit is to have an acceptable head
capacity. The casting is welded shut to prevent molten lead from leaking out in the event of a fire.

The source is housed in a source drawer which carries the source from the 'off to the 'on'
position. Figure 8.7 shows a typical source drawer with source. The source is loaded into the drawer inside
a shielded cell and locked in the drawer by a spring clip. The drawer and source are then loaded into a
teletherapy head or a shipping container. Once inside the head or shipping container the source cannot fall
out even if the clip were to break or come out. When loaded into the head the source drive mechanism
must ensure that the drawer does not move to a location which exposes the source except when requested.

FIG. 8.7. Source with primary radiation shield.

The source drawer used in this type of head is a brass cylinder filled with lead to shield the source
in the plane of the drawer. With a well fabricated head the head capacity can be increased by using a
tungsten or depleted uranium plug on top of the source or replacing the lead in the brass drawer with
tungsten or uranium. These high density components will increase the head capacity by 15 to 20% with
a plug and 40 to 50% with a high density drawer.

The source drawer slides on rider rings and is driven in and out by a piston in a cylinder using
compressed air. A redundant linkage mechanism between the drawer and cylinder is used to prevent the
source from moving outside the head shielding or staying 'on' when the treatment is completed. The
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presence of an air reservoir ensures that the source will be pulled into the 'off position in the event of
a compressor or power failure. Should a loss of air pressure occur with the source in the 'on' position a
'T' bar can be used to push the source to the 'off position without risking a large exposure. Use of the
'T' bar is shown in Figure 8.8. For units using a rotating wheel the unit is turned 'on' by a motor driving
the wheel and 'off by a return spring. This spring will return the source to the fully shielded position in
case of a power failure.

COVER

TEE BAR
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FIG. 8.8. Top view of a teletherapy unit and use of the "T" bar.

The fit of the source drawer within the head is very critical since radiation streaming will result
in hot spots at the ends of the head. The tolerances and fit of the drawer are controlled very closely as
part of the manufacturing operation.

Since some streaming is inevitable a lead shielding cap is placed over the front end of the source
channel. Streaming or hot spots due to voids in the lead are a serious problem since the ICRP and TEC
standards do not allow hot spots. Very tight quality control is required when pouring these heads.

Since the 'off leakage level is to protect the operators and service people when performing their
normal duties it is essential that it not be exceeded. A radiation survey of each head is done prior to
shipment. From the results of the survey, the head capacity is calculated and recorded. Leakage
measurements are taken at 26 points around the head and the head capacity is calculated to determine the
maximum source output which will not exceed the source 'off limits.

The collimator allows for fields of different sizes to be irradiated as well as shielding the patient
outside the target volume. The tungsten primary definer provides shielding towards the patient. The
movable lead leaves permit the field size to be changed.

Knowing the location of the source at all times is very important in order to prevent unwanted
exposures. The source drawer has a red indicator rod which protrudes out the front of the head covers and
gives a visual indication of the drawer location. There are a number of sensing switches along the drawer
path which detect the location of the drawer and actuate lights and interlocks. On the front of the head
indicator lamps show the status of the source movement. Figure 8.9 shows a typical head panel.

The teletherapy head must also allow an old source to be removed and a new one to be loaded.
Some units require the entire head to be exchanged. Details on source changes are covered in Section
8.6.3.
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FIG. 8.9. Front view of the head of a teletherapy unit.

Description and design of controls. The controls must indicate the location of the source, status
of the interlocks and control the exposure time. A basic control console is shown in Figure 8.10. The two
main parts are the power control panel and the timer. The power control panel is shown in Figure 8.11.
It controls the power to the unit via the key switch, shows the source location by means of lamps and
houses an emergency stop button.

Since at any instant the output from a radioactive source is fixed and cannot be varied, the only
variable is the time of exposure. The purpose of the timer is to control the source 'on' time and display
the exposure time after the treatment has been completed. It should also show the exposure time should
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TIMER RESET
KEYS WITCH |

WEDGE FILTER
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POWER CONTROL?
PAN El |

NTERLOCK STATUS |
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FIG. 8.10. Front view of a basic control console.
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FIG. 8.11. The power control panel.

the treatment be suspended or stopped for whatever reason. A modern dual timer is shown in Figure 8.12.
On older machines this timer is a simple on/off device which opened or closed a circuit to return the
source when the set time was completed. Once the timer was started the set time was lost. The new dual
timers have many extra features which not only help to deliver a better treatment but also protect
personnel from unwanted exposures. The more important of these features are:

(i) A set time display which shows what time was intended.
(ii) A primary time display which shows exposure time (this is an electromechanical timer).
(iii) A secondary timer to back up the primary timer in case it should fail.
(iv) Messages which tell the operator the status of the source and source drive system as well as safety

interlocks,
(v) Audible beeps which warn of potential hazards or malfunctions.

Design of alarms, indicators and interlocks. The use of interlocks along with alarms or
indicators is the other major method used to control unwanted exposures. The underlying principle is to
prevent the source from being exposed when not requested and when it is exposed to prevent people from
being in the radiation fields. If exposures occur, the interlocks and alarms must warn those present and
allow them to remove themselves or others from the radiation field. They must then take action to correct
the situation.

1.
2.

The interlocks on a teletherapy machine can be classified into four main categories:

Source drawer systems treatment systems.
Treatment systems.
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FIG. 8.12. Dual timer.

3. Motion systems (not covered here).
4. Emergency stop systems.

Source drawer interlocks. The interlocks associated with the movement and location of the
source drawer are the most important when considering radiation protection to those who may be around
the unit. Figure 8.13 shows a simple schematic of these interlocks and their location. As the source drawer
moves from the 'off position to the fully 'on' position, microswitches are opened and closed which
illuminate lights on the head panel (Figure 8.9) and the control console (Figure 8.10). These indicators
are as follows:

(a) When the source is fully shielded the green 'BEAM OFF' lights are illuminated on the head panel
and control console.

(b) As the source leaves the fully shielded position the red 'IN TRANSIT' lamp on the console is
illuminated and the red 'BEAM ON' lamp on the head panel is illuminated.

(c) When the source reaches the fully exposed position the yellow 'BEAM ON' lamp is illuminated
on the console and the red 'BEAM ON' lamp remains illuminated on the head panel.

In addition to these visible indicators there is a low intensity audible alarm which sounds in the
treatment room as soon as the source 'off position switch senses the drawer has left the fully shielded
position. Should the room door be opened and the source fails to arrive at the fully shielded position a
high intensity audible alarm will sound in the room.

The above interlocks are power driven and, therefore, are not useful should the power fail. A
mechanical indicator is attached to the front of the drawer and is visible when the source reaches the
exposed or near the exposed position. If this rod is not visible but the BEAM ON lamps are illuminated,
the radiation fields can be high but substantially below the fully exposed levels. Rotating wheels also have
visible indicators to aid the operators. By using both the mechanical and electrical indicators, the operator
is able to assess the potential hazards around the machine.
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FIG. 8.13. Theratron T780-C beam control and indicators.

The source retracting coupling on a source drawer has an auxiliary coupling which will bring the
source back to almost the fully shielded position in the event of a main coupling failure. Since the drawer
is not fully back the 'off position switch will not be activated and the unit cannot be used. The radiation
leakage in this situation is almost the same as the fully 'off position, however, the interlocks prevent
further use until the main coupling is repaired.

Treatment interlocks. There are 9 interlocks referred to as treatment interlocks whose prime
function is to ensure that proper treatment will be delivered safely. Four of these are also critical as far
as radiation safety is concerned. These are:

(1) Treatment room door interlock: this ensures that the room door is shut properly when the source
is about to be exposed. If the door is opened it causes the source to return to the 'off position.

(2) Off shield interlock: this mercury switch interlock in the head is set during installation and ensures
that the beam is not directed to a section of wall that is not properly shielded.

(3) Air pressure interlock should the pressure in the compressed air storage tank drop below
approximately 30 + 2 psig the source cannot be moved from the fully shielded position, or if it
is 'on' it will automatically be returned to the 'off position.

(4) The source drawer interlock that prevents exposure of the source unless the drawer is initially in
the 'off or fully shielded position is also considered a treatment interlock.

Emergency stop systems. Most modern teletherapy units have one or more emergency buttons
which in the case of an unwanted event the operator can stop all motions and return the source to the fully
shielded position. Once activated these interlocks require a deliberate action to reset them, thus preventing
further exposures and forcing the problem to be addressed before routine operation is resumed.

On machines with the dual timers shown in Figure 8.12 there are audible beeps at a frequency
which increases with the potential hazard. A single beep indicates on operator error or mechanical fault
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which will prevent treatment commencing. A series of rapid beeps at 0.3 second intervals indicates a
serious potential problem which requires immediate attention by the operator.

Design of transport devices. The source can be shipped or transported either in the head of the
unit if it is so licensed or in a special shipping container. The typical shipping container is designed with
two source drawer channels, one for the used source and one for the new. The shipping container and the
teletherapy head lock together so as to allow the drawers to be moved from one to the other without risk
of the source falling out or high radiation fields within the treatment room. These shipping containers or
heads are licensed as Type B (U) shipping containers up to a maximum number of becquerels (curies).
Figure 8.14 shows a typical drawer type shipping container.

FIG. 8.14. Typical drawer type shipping container.

QUALITY ASSURANCE PROGRAMMES

Safety features are only effective if they are incorporated properly into each and every unit
manufactured. The basic method of ensuring that good designs become good products is the quality
assurance programme. For medical devices many regulatory agencies have set down Good Manufacturing
Practices (GMP) which help to ensure good products. In the USA the Food and Drug Administration has
a GMP programme for Medical Devices. The International Standards Organization (ISO) has recently
issued GMP guidelines which can be used by manufactures of medical devices [8.4]. These guidelines are
similar in many respects and have a few requirements which are most important from a radiation safety
point of view. To produce a unit with all safety systems operating as designed the following GMP
requirements are essential:

Organization. It is essential that someone in the company has the prime responsibility for all QA
programmes. This person should report directly to the most senior manager on site and not to sales or
production. Besides setting the QA requirement this individual must ensure that qualified personnel are
retained for all critical tasks.
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Measurement. Equipment A programme to purchase and maintain the proper types of measuring
and test equipment is essential. Routine calibrations must be done.

Control of components. Incorrect or faulty components or raw materials can make a safe design
become a hazardous machine. A manufacturer must have proper incoming inspection to ensure that what
was ordered is what was received. Any component or material found to be defective must be taken out
of the production system and not allowed back in. Repaired or reworked components can be used only
after proper testing and approvals. All components must be stored and handled in a manner which does
not damage or degrade their intended function.

Process control. Where special processes are used and the integrity of these processes is critical
to the safe operation of the machine, these processes must be controlled and inspected by qualified
personnel. For the head of a teletherapy unit, processes, such as welding and lead pouring, are very critical
to the safe containment and transportation of the radioactive source.

Device evaluation. Once a unit has moved through the production cycle and is ready for shipping
a final test of the complete machine is required. All functional and safety features are tested and recorded.
Since units are disassembled for shipment a shorter version of this final testing is done in the hospital
prior to customer acceptance. During the design stage many subassemblies under go life tests and
prototype tests to ensure their reliability and efficacy.

Customer complaints system. Maintaining a formal system for reviewing and following up on
complaints from customer or service personnel can uncover potential hazards before they result in injury
or high undesired exposures. In spite of all the testing and inspections during manufacturing some
problems may not occur until a unit has been in use for many months or years.

If the head of a teletherapy unit is a licensed shipping container, the manufacturing must be done
under even more stringent conditions. For the Theratron series this is the case and the QA programme
used is the CSA Z.299 series.

ROUTINE MAINTENANCE REQUIREMENTS

Device evaluation

Once a unit has moved through the production cycle and is ready for shipping, a final test of the
complete machine is required. All functional and safety features are tested and recorded. Since units are
disassembled for shipment, a shorter version of this final testing is done in the hospital prior to customer
acceptance. During the design stage many subassemblies undergo life tests and prototype tests to ensure
their reliability and efficacy.

Customer complaints system

Maintaining a formal system for reviewing and following up on complaints from customer or
service personnel can uncover potential hazards before they result in injury or high undesired exposures.
In spite of all the testing and inspections during manufacturing, some problems may not occur until a unit
has been in use for many months or years.

If the head of a teletherapy unit is a licensed shipping container, the manufacturing must be done
under even more stringent conditions. For the Theratron series this is the case and the QA programme
used is the CSA Z.299 series.
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Routing maintenance requirements

This section describes the routine maintenance that is required to:

1. Minimize potential hazards associated with the operation of the unit.
2. Minimize unit downtime.

3. Maximize unit operating life.

Routine maintenance comprises:

1. Cleaning.
2. Scheduled maintenance.
3. Radioactive contamination tests.

Persons maintaining and servicing teletherapy machines must be trained and experienced in
radiation safety and in the operation of the teletherapy unit and its accessories. They mustbe properly
equipped with replacement parts, handling equipment and other special equipment dictated by the
individual maintenance and service procedures.

Warning

1. Adjustments or repairs to the source drawer operating system (including mechanical, pneumatic
and electrical systems) and the headlock pneumatic system must be made only by authorized
personnel. Improper adjustments or repairs may cause unwanted exposure of personnel to
radiation.

2. When equipment covers are removed, be very careful not to touch exposed wires or terminals
while power is on. Operating the EMERGENCY buttons does not remove power from the unit.
Electrical shock may cause death.

3. Observe all warnings given in the operating procedures.
4. Do not apply any lubricants to the source drawer or head bore. Lubricants are adversely affected

by radiation; they may cause faulty drawer movement and, consequently, unwanted exposure of
personnel to radiation.

Maintenance record

A log book should be kept in which the following information is recorded for all maintenance and
service activities:

(a) Name of person performing the work.
(b) Date.
(c) Description of work performed, including the results of all inspections and a list of parts replaced.
(d) Descriptions and results of tests made following maintenance and service work.
(e) Acknowledgement signatures of service personnel and the Licensee.

Cleaning

1. Do not use cleaning solvents containing acetone, methyl ethyl ketone, or other related chemicals
which might damage equipment covers.

2. Make sure that cleaning liquids do not come in contact with electrical wiring or other internal
components.

3. Do not clear depleted urianium trimmers and accessories.
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Cleaning of equipment covers and other exterior surfaces should be performed on a routine basis
as follows:

(a) Use soft cloth dampened with a solution of water and detergent or soap. For stubborn stains, use
mixture of sodium bicarbonate and water. Superficial abrasions may be removed with fine buffing
compound.

(b) Wipe away cleansing agent with soft cloth moistened with water.

(c) The thermoplastic covers may be protected by waxing.

Scheduled maintenance

An example of regular maintenance tasks should be performed as listed in Tables 8.1 to 8.5.

Note

Items listed in Table 8.5 are critical to the proper clinical use of the unit. Their failure may
contribute directly or indirectly to conditions producing hazards that will:

(a) Cause personnel injuury or major system damage, or
(b) Require immediate corrective action for personnel or system survival, or
(c) Cause death or severe injury to personnel or system loss.

The five year replacement interval is based on 2000 hours of clinical use per year and 4 patients
per hour.

TABLE 8.1. WEEKLY MAINTENANCE

Item Location Maintenance Task Section

Gantry drive gear Mainframe Check level of oil in bath 6.5.1

Air tank and water trap Mainframe Drain water and check
operation of low pressure
switch

6.5.2

TABLE 8.2. MONTHLY MAINTENANCE

Item

Interlocks

Unit and accessories

Treatment timer

Unit motion controls

Location

Various

Various

Console

Console and hand control

Maintenance Task

Check for proper operation

Check alignment and
accuracy

Check for proper operation

Check for proper operation

Section

6.5.3

6.5.4

6.5.5

6.5.6

TABLE 8.3. SEMI-ANNUAL MAINTENANCE

Item

Gantry rotation drive belt

Table vertical drive belt

Accessories

Radioactive materials

Location

Mainframe

Table

Various

See ref. paragraph

Maintenance Task

Check for tension and wear

Check for tension and wear

Check for wear and
adjustment

Contamination test

Section

6.5.7

6.5.7

6.5.8

6.6
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TABLE 8.4. ANNUAL MAINTENANCE

Item

*Pneumatic system

Motion drives

Radiation field alignment

* Source drawer detent pin

Kl contractor

•Slip ring assembly

*Field light cordreel

Hand control cable

Gantry retaining bolts

Location

Mainframe and neck

All

Head

Neck

Mainframe

Mainframe

Head

Hand control

Gantry

Maintenance Task

Test for leaks and proper functioning
of complete pneumatic system,
including compressor and tank, low
pressure switch, solenoid air valves
and air hoses. Check operation of
source drawer, including function of
interlock status indicator on console
and secondary return mechanism.

Lubricate and inspect.

Check coincidence of light and
radiation fields. Isocentricity
General Check isocentric accuracy
of unit and couch.

Check for signs of wear.

Check contact wear.

Inspect and clean.

Inspect cord for signs of chafing. Be
sure cord is tensioned property and
reel is operating smoothly.

Check for signs of chafing of cable.

Check torque is not less than 150
pound feet.

Some competent authorities specify that maintenance work associated with the source or related systems shall be
undertaken only by a specially licensed technician or 'source handler'. Items falling into this category are marked with
an asterisk (*) in the 'Item' column.
All annual servicing to be performed by the manufacturers or their accredited representative.

TABLE 8.5. FIVE YEAR MAINTENANCE

Item

*Field light cordreel

*Source drawer control valves
including solenoids

*Low air pressure switch

*Air hoses and fittings

* Source drawer detent pin

K2 relay contractor

Gantry drive belt

Table vertical drive belt

Location

Head

Neck

Mainframe

Mainframe, neck

Neck

Mainframe

Mainframe

Table

Maintenance Task

Replace

Overhaul or replace

Replace

Replace

Replace

Replace

Replace

Replace

1. Some competent authorities specify that maintenance work associated with the source or related systems shall be
undertaken only by a specially licensed technician or 'source handler'. Items falling into this category are marked with
an asterisk (*) in the 'Item' column.

2. All five year servicing to be performed by Theratronics International Limited or their representative.
3. If the source is changed after less than 5 years, it is recommended that these components be replaced at the same time.

For other additional maintenance requirements, consult the operators manual or contact the manufacturer.
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DEVICE REGISTRY

Many licensing authorities maintain a device registry of teletherapy units. This registry includes
the functional specifications, prototype testing, source evaluations, GMP audits of the manufacturing
facilities plus the organization and qualifications of the people involved. Changes or new units are
registered and reference is made to existing data. This eliminates the need for repeating old data when new
submissions are filed. When issuing a users license this registry is used as a guide.

8.6.3. Safety in design and testing of teletherapy facilities

The teletherapy machines described in Section 8.6.1 must be used in a properly equipped and
shielded facility. Even with the source in the 'off position no one should remain close to the units unless
they have a very good reason to be there. When patients are being treated, the source is in the 'on'
position, and the radiation fields around the machine are very high. A secure, shielded treatment room is
required to protect the operator, hospital staff and the general public.

The machine manufacturers design and manufacture the units, however, it is the responsibility of
the user to provide the treatment facility. The manufacturers will specify the electrical services required,
the minimum room size and suggest safety features and interlocks compatible with their units. The
regulatory agencies must then license the user to possess the machine with a maximum source content (Bq
or Ci) for use in the facility provided. The license must be very specific to a particular facility with
restrictions on modes of operation, beam direction, use factors, controlled access areas, restricted areas
and special operating conditions.

There are many factors, both safety and operational, to be considered when designing a teletherapy
facility. The facility must provide for proper treatments, patient handling and comfort and protect against
unwanted radiation exposures. The important features from a radiation safety point of view are:

the size of the treatment room radiation shielding, access for stretchers and source shipping
containers, viewing systems, radiation monitors, indicators and interlocks. Figure 8.15 shows a
typical teletherapy facility with suggested features.

These facilities can be of almost any size and shape as long as they meet the criteria for use and
safety. The actual treatment room is almost always made of concrete, either regular or high density. Where
space is a problem lead or steel can be used in place of concrete although they are more expensive. Where
space is available, earth can be used for shielding. A maze wall as shown in Figure 8.15 protects the door
from direct radiation and thus allows for a much thinner construction. Without a maze wall the door would
have to be made of steel or steel encased lead which becomes very heavy. Beyond a certain weight the
door would certainly be motor driven.

Most new installations use closed circuit TV as the viewing system. Older facilities use lead glass
windows or mirrors or a combination of both. Lead glass windows give a very good view of the entire
room so the operator can see the patient very clearly and also see if anyone else is in the room.
Unfortunately the material and installation costs for lead glass windows have become rather expensive
while closed circuit TV has become cheaper. Audio contact between the patient and operator is now
considered an essential feature.

The type and complexity of interlocks and indicators can vary considerably depending on the
licensing authorities and the user. A typical facility will have a door interlock which is part of the source
on/off drive circuit, a source 'on' light over or near the door and a radiation monitor within the room.

8.6.3.1. Safety features

Of all the safety features that make up a teletherapy facility the biological shielding around the
machine is by far the most important. This shielding does not rely on administrative controls or electrical
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power to protect the operator or the general public. If designed and constructed properly, it gives effective
and consistent protection at all times.

There is no standard shielding thickness or design which must be followed. The thickness, material
and location of shielding depends on many factors, some of which can be varied should the user so wish.
A typical shielded room for a cobalt machine is shown in Figure 8.15. The walls are made of concrete
with a density of 147 lb/cu ft (2.35 gm/cc). This is an important parameter and must be checked when
pouring a shielded room. Should the density vary, the barrier thicknesses must be adjusted by the same
ratio as the density variation. The pouring of the concrete must be done in such a way as to eliminate
voids.

m

FIG. 8.15. Teletherapy facility.

Notes:
1. Nominal sourcehead capacities (unit output) Theratron 1000-220 R mm ICRU.
2. Shielding design criteria.

a. Table details wall thickness required to reduce average weekly dose rate to 10 mrem
or 100 mrem for maximum source strength.

b. Concrete density - 147 Lb/cu ft (2.35 g/cc).
3. Shielding design approval.

Final room design must be approved by a qualified physicist before installation of unit. Where
licensing regulations require, room design must also be approved by the local health authority.
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TABLE 8.6. THERATRON 1000.

Workload 60 000 rad m2/wk (600 Gy m2/wk)

Wall

A

B

C

D

E

F

G

cm

66

104

55

65

105

121

123

Barrier thickness
10 mrem/wk

(0.1 mSv/wk)

inch

26.0

40.9

21.7

25.6

41.3

47.6

48.4

cm

48

83

36

46

84

100

102

Barrier thickness
100 mrem/wk
(1 mSv/wk)

inch

18.9

32.7

14.2

18.1

33.1

39.4

40.2

There are sophisticated ways of calculating shielding thicknesses, however, to illustrate the
technique and the parameters involved a simplified approach will be used. In many cases this approach
is adequate since many conservative assumptions are made and it can result in a facility which is slightly
over shielded.

The following definitions are needed in order to understand the examples.

Controlled area: This is an area in which the exposure of persons to radiation is under the supervision
of a radiation-protection officer. This implies control of access, occupancy and working conditions for
radiation protection purposes.

Uncontrolled area: This is any area which does not meet the definition of a controlled area. This is
basically any area accessible to other workers or the public.

Exclusion area: This is an area where access is prevented by positive means (for example a locked door
or gate) when the unit may be operating.

Occupancy factor (T): This is the fraction of a normal 40 h week that any one person may be in the
area being considered.

Full occupancy (T = 1): normal work areas such as offices, laboratories, shops, wards, nurses' stations,
living quarters, children's play areas and occupied space in nearby buildings.

Partial occupancy (T = 1/4): corridors, rest rooms, elevators using an operator and unattended parking
lots.

Occasional occupancy (T = 1/16): Waiting rooms, toilets, stairways, unattended elevators, janitors'
closets, outside areas used only for pedestrians or vehicular traffic.

Workload (h): is the number of hours per week that a unit is 'ON'. Workloads are often expressed as
cGy (rad) per week at a meter from the source in order to be independent of the source output.

Barrier use factor (u): is the fraction of the time during which the radiation under consideration is

directed at a particular barrier.
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The following two simple formulae can give a very good estimate for barrier thickness under
many different conditions. The first formula calculates the radiation field (P) behind a given barrier as
follows:

P(mrem/h) = D (rem/min) x 60 (min/h) x 1000 (mrem/rem) x B
d

where D = the source output or leakage at one meter.
B = transmission ratio of the barrier,
d = the distance from the point of interest to the source of radiation (meters).

Using the value for P the following formula gives the dose per week (H) behind a given barrier:
H (mrem/wk) = P (mrem/h) x h (hours/wk) x u x T

where h = the 'ON' time per week.
u = the barrier use factor.
T = the occupancy factor of the area behind the barrier.

By applying these formulae, barrier thicknesses around any unit can be calculated. There are two
types of barriers to be considered, those that see the direct beam and those that only see leakage or
scattered radiation. Interlocks or administrative controls can be used to limit the direction of the primary
beam should a barrier not be adequate.

A series of graphs can be prepared using these two formulae and can be used to assist in the
design of a shielded room. For the graphs shown here a workload factor of 100 000 cGy (rad) per week
was used. For a 200 RMM source this would give a beam on time of 8.4 hours per week.

A suggested facility layout can be done by starting with the inside dimensions of the shielded
room, and using the above formulae to estimate the barrier thicknesses for each wall, the floor and ceiling.

Many licensing agencies recommend that radiation fields should never exceed 1 mSv/h
(100 mrem/h) in an area where access is possible. The curves marked 100 mrem/hr give the barrier
thickness which will keep fields below this value. In some cases this value can be used as the limiting
factor, if use and occupancy are very low.

In some cases the space available, with a useful size source, is not sufficient to give a room of
minimum size and proper shielding. In situations such as this a unit with a beam stopper can be installed.
Beam stoppers intercept the primary beam and can substantially reduce the amount of shielding required
in the walls, floor or ceiling. The recommended design of these beam stoppers is such that they transmit
0.1% of the primary beam and scatter from the patient through angles up to 30 degrees.

For units designed with a head swivel, i.e. one where the beam can be directed off the beam
stopper, interlocks must be provided to prevent the source from coming on, if the beam is aimed at a
barrier which is not designed for an unattenuated beam.

Interlocks and indicators. In addition to the interlocks provided as part of the machine there
are interlocks which are part of the facility and tie in with the machine controls. The most important
interlock is on the door. The door interlock must be a positive acting switch which is permanently wired
into the door frame and has wires running back to the mainframe of the unit. This switch is open when
the door is open and will prevent the source from being turned 'on'.

Should the source come 'on' when someone is in the room the emergency buttons on the unit or
hand control can be used to move it to the off position. Many units have a buzzer or chime which sounds
in the unit when the source leaves the off or fully shielded position. To back up this indicator or, if one
is not present on the unit, a cell monitor can be installed. These monitors will detect radiation fields above
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the normal beam off condition and sound a warning Some room monitors are interlocked with the room
door so that they only sound when the door is open.

An indicator is required over the door to the treatment room which flashes when the source is
'on'. This indicator could say 'radiation' or show the trefoil symbol. Anyone in the vicinity of the room
should be able to see this indicator and not enter the room. Should the door be opened when the source
is 'on' the door interlock will cause it to move to the off position.

Audio visual communication. Unlike shielding the main purpose of the audio visual
communication system is not safety, but to stay in touch with the patient during the treatment. However,
a communication system can help with the safety requirements by allowing the operator to scan the room
and warn the occupants that the door is being closed and a treatment is ready to begin. Someone trapped
in the room can also warn the operator of his presence.

Administrative controls. Administrative controls can be used, if other more positive means are
not possible. These would involve procedures to restrict the direction of the beam, limit the size of the
field and keeping visitors out of areas where the leakage may be higher than desirable. Good working
habits can also be considered a form of administrative controls. If the operator does not stand close to the
head during patient set up and knows the areas of highest leakage around the room, he or she can reduce
their weekly dose considerably.

8.6.3.2. Testing safety devices

Testing of a teletherapy facility can be broken down into three phases:

Phase 1 is during construction of the room. This is extremely important as far as the shielding
is concerned. The concrete must be tested to ensure it is the correct density. This should be done before
it is poured. A lower density will increase leakage levels in all areas around the facility and is very
expensive to correct after the fact. Checking the method of pouring and vibrating so as to eliminate voids
is also very important. Checking to ensure that ducts and cable troughs are installed according to the
drawing can save costly rework. Contractors not used to shielded rooms will tend to straighten out 'off
sets' since it makes construction much easier.

Phase 2 is done before the facility is placed in routine use. When the source is installed in the
unit a radiation survey must be conducted in all areas around the facility. This survey must be done with
the beam pointed in all the possible directions that might be used during treatments. As part of this survey
all facility interlocks must be tested and exercised to ensure proper operation. The most important ones
are the door interlock and the emergency off buttons.

Phase 3 is the ongoing test recommended by the supplier. These are usually classed as daily,
weekly, monthly, semiannually and annually. Some maintenance checks are recommended every 5 years.
Many of the tests are to ensure proper treatment, however, many are safety related. It is important to
review the operational modes, assumptions and use of areas surrounding a teletherapy facility at least once
every year. Any or all of these factors may have changed during that period.

Source transfer and disposal

The use of Co-60 means that the source should be changed every 3 to 5 years depending on the
workload of the unit. This operation presents two potential safety hazards: the source transfer operation
and the disposal of the old source. Most teletherapy units are designed so the source can be exchanged
in the treatment room. A new source is shipped in a transport container which also acts as a transfer flask.
The old source is pulled into the empty channel and then the new source is pushed into the head. Fig. 8.16
shows the general setup for this transfer.
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FIG. 8.16. Cobalt-60 therapy units -Source change arrangement.

Old teletherapy sources are still very active and may contain up to 200 TBq (approx. 6 KCi).
These sources are often cascaded into another unit which is not as heavily used. However, when the
content drops below approximately 74 TBq (2 KCi) their use is very limited and they are usually disposed
of. Most suppliers of new sources will take old sources back as a trade in or will dispose of the source
for a fee assuming they have access to a licensed disposal facility.

8.6.4. Radiation safety programme for teletherapy facilities

An effective radiation safety programme for teletherapy facilities is made up of a number of
factors that will be described below. The overall effectiveness of the programme is only as good as the
weakest component, so adequate resources must be allocated to each part if serious accidents are to be
prevented.

In this paper, no mention will be made of the qualifications of the physician, patient doses,
treatment planning or beam quality, because these factors are controlled by other organizations in different
countries. However, this does not mean that they are not important factors in a complete radiation safety
programme.

As an example, in Canada, the responsibility for radiation safety is shared by the licensee and the
Atomic Energy Control Board (AECB).

Before a competent authority issues a license authorizing the possession and use of a teletherapy
unit, it must be satisfied that any radiation hazards do not exceed internationally acceptable standards, and
the potential licensee is capable of operating without violating the regulations and license conditions.
Further details of the licensing process in several different countries can be found in the Annexes.

8.6.4.1. Equipment design

The first factor in a radiation safety programme is the design of the teletherapy equipment itself,
since an effective programme is impossible if the unit is poorly designed. Starting with the cobalt or
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caesium source, it must be doubly encapsulated in stainless steel and meet the performance requirements
given in the International Organization for Standardization (ISO) Report No. 2919 [8.5], in order to ensure
the capsule will not leak radioactive material under normal and maximum credible accident conditions.

For teletherapy units, the AECB uses the recommendations of the National Council on Radiation
Protection and Measurement Report No.33, with the external radiation levels around the head as
recommended in the International Commission on Radiological Protection (ICRP) Report No. 15. However,
consideration is being given to adopting the International Electrotechnical Commission (1EC)
recommendations given in the recently issued Report No. 601-2-11.

8.6.4.2. Facility design

The second factor of an effective programme is the design of the therapy room to ensure that
external radiation levels do not exceed internationally accepted standards, and that staff are adequately
protected through signs, interlocks and warning lights. It should be noted that these last factors cannot be
separated from the unit design, since the signals for many alarms and lights are provided by the
teletherapy machine.

For cobalt or caesium therapy room shielding requirements, the AECB uses the recommendations
of the National Council on Radiation Protection and Measurement Report No.49 [8.6]. Experience has
shown that by using the workloads and occupancy factors given in this report, exposures to staff and
members of the public in the vicinity of the room are a few percent of the regulatory limit of 5 mSv per
year for persons who have not been designated as radiation workers.

Prior to commencing construction of a new or renovated teletherapy room, the applicant must
submit construction plans in addition to shielding calculations which are reviewed by the competent
authority. Provided that the staff and public will not be exposed to radiation doses in excess of the
regulatory limits, and the proposed unit has been given device approval (see previous section), the
applicant may proceed with construction. In proposed changes to the regulations, the ALARA principle (as
low as reasonably achievable) is included, but at the present time applicants are only strongly encouraged
to keep doses significantly below the regulatory limits.

Recently, new teletherapy rooms have been significantly overdesigned because the cost of
additional shielding is quite small during initial construction, and most clinics envisage the purchase
of a 4 or 6 MeV accelerator for the same room at some time in the future. However, the same may
not be true for modifications to existing facilities, because of space or structural restrictions. In such
cases, limits on the source size or types of treatment may be required.

Once the room is constructed, the licensee must ensure the teletherapy unit operates properly
and the shielding has been constructed as designed. In order to confirm the calculations, the licensee
must perform a radiation survey which is verified during inspections. Details of the factors considered
during an inspection are given in a later section of this report. Verification should never be overlooked
because three incidents which are described In the associated paper on case histories involved elevated
radiation levels around teletherapy facilities.

A radiation survey must be performed around the room and teletherapy unit after each source
change to ensure no radiation hazards have been introduced.

8.6.4.3. Training

An effective radiation safety programme requires that the regulatory agency and clinic have
knowledgeable and experienced staff. The AECB, for example, has on staff a person who worked on
the design of teletherapy equipment and room shielding and fifteen inspectors who are experienced
in all types of radiation measurements. Knowledge and experience are transferred to other staff
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TABLE 8.7. CLASSIFICATION OF SEALED SOURCE PERFORMANCE STANDARDS. ISO 2919

Test

Temperature

External pressure

Impact

Vibration

Puncture

Class

1

No test

No test

No test

No test

No test

2

-40°C (20min)
+80°C (lh)

25 kPa absolute to
atmospheric

50 g from 1 m

3 times 10 min
25 to 500 Hz at
49 m/s2(5G)'

1 g from 1 m

3

-40°C (20min)
+180°C (lh)

25 kPa absolute to 2
MPa absolute

200 g from 1 m

3 times 10 min
25 to 50 H at
49m/s2(5g)' and
50 to 90 Hz at
0,635 mm
amplitude peak to
peak and 90 to 500
Hz at 98 m/s2(10g)'

10 g from 1 m

4

-40°C (20min)
+400°C (lh) and
thermal shock
400°C to 20°C

25kPa absolute to 7
MPa absolute

2 kg from 1 m

3 times 30 min 25
to 80 Jz at a,5 mm
amplitude peak to
peak and 80 to 2000
Hz at 196
m/s2(20g)'

50 g from 1 m

5

-40°C (20min)
+600°C (lh) and
thermal shock
600°C to 20°C

25 kPa absolute to
70 MPa absolute

5 kg from 1 m

300 g from 1 m

6

-40°C (lOmin)
+800°C (lh) and
thermal shock
800°C to 20°C

25kPa absolute to
170 MPa absolute

20 kg from 1 m

1 kg from 1 m

X

Special test

Special test

Special test

Special test

Special test

Peak acceleration amplitude.
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members by performing joint inspections, having internal seminars and sending staff to external
courses.

All AECB teletherapy licenses require that the radioactive material shall only be used by
knowledgeable people. In the clinic, training begins with a knowledgeable radiation safety officer
(RSO) whose education and experience varies with the size of the institution. Minimum acceptable
qualifications have not been specified, but each person filling this position has at least a four year
university course plus working experience. For large clinics, the radiation safety officer normally has
a PhD. Since this position is separate from the medical aspects of the clinic, an independent RSO is
able to review all radiation safety aspects of operation, other than those between the doctor and patient.

For training of the teletherapy unit operators, several colleges offer two year courses which
involve practical experience In addition to theory. In this way, there are a sufficient number of trained
people to operate the units throughout Canada.

Another aspect of training is having people with sufficient knowledge to maintain units. No
specific training is required, but there are a sufficient number of people who are capable of servicing
the unit on a day-to-day basis from the information which is supplied by the manufacturer of the
equipment. It should be noted that this does not include source changes which are limited to
representatives of the supplier. The AECB does not have specific training requirements for servicing
but this has not been a problem in teletherapy. However, the proposed amendments to the Regulations
give the AECB authority to issue certificates for servicing because problems have occurred with other
use types.

It should be noted that in some countries, like Canada, the licensee and not individual
employees are legally responsible for complying with the Regulations and license conditions. All staff
who could receive a significant dose (i.e. > 2.5 mSv/year) must wear a thermoluminescent dosimeter
or film badge. For any badge that exceeds 5 mSv, the competent authority should be notified and the
licensee is expected to investigate and report to the competent authority the reason for the high badge
reading.

Several countries publish a summary of all doses by category of worker, so the competent
authority and each licensee can see how their doses compare with other similar users. For example,
detailed results for 1987 and annual comparisons for teletherapy users are given in Table 8.8 and
Figure 8.17.

8.6.4.4. Leak testing

Each radioisotope license for teletherapy use requires that the source must be leak tested at
least once a year. This is normally performed by using a filter paper to wipe the area of the head
where contamination would be expected to be found if the source were leaking. The filter paper is
counted and if more than 200 Bq are present, the source is assumed to be leaking. If this were to
occur, the unit would have to be removed from service and the AECB would have to be notified
promptly. To date, no teletherapy sources in Canada have ever been reported to be leaking.

The areas to be wiped depend upon the type of unit but they usually include the inside of the
collimator and the tube through which the source drawer moves on the units. No attempt should be
made to wipe the source itself because of the intense radiation levels and the possibility of source
damage.

On units that use depleted uranium in the collimator or trimmer bars, contamination is possible
if the protective coating is worn or damaged. In such cases, the coating should be restored because
low level contamination could spread.
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TABLE 8.8. DOSE STATISTICS FOR RADIOLOGICAL TECHNICIANS

Dose statistic

Average dose (mSv) (all doses)

Average dose (mSv) (zero doses removed)

Ninth decile dose (mSv)

Percentage of annual doses > 5 mSv

1987

0.95

1.49

4.20

2.7

1986

0.95

1.44

3.30

2.1

Dose range (mSv)

0.00 to 0.19

0.20 to 0.49

0.50 to 4.99

5.00 to 29.9

30.0 to 49.9

>50.0

Number of persons (1987)

204

98

243

15

0

0

2.25 -

2.00 -

1.75 -

Dose 1.50 -

( B S V l 1.25 -
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FIG. 8.17. Histogram of average annual doses.

8.6.4.5. Waste disposal

Due to the source activity, even after it is no longer useful for medical treatments, the source
must be sent to a licensed waste management facility when it is no longer required. In addition, the
depleted uranium shielding must not be discarded with regular waste because of its radiation, chemical
and fire hazard.
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8.6.4.6. Transportation

Sources are shipped in special Type B containers (see Figure 8.14) or, in some instances,
inside the teletherapy head itself, if the Type B requirements are met by adding suitable thermal
shielding to protect the source in a serious fire (overpack) and brackets to prevent the source from
moving. In either case, the container must meet the Canadian packaging and transport of dangerous
products regulations. These are based upon the International Atomic Energy Agency recommendations.

8.6.4.7. Quality control

This term is used to describe the programme which the licensee must have to ensure that the
equipment and staff operate according to clinic procedures and AECB requirements. For the
equipment, the licensee must ensure that all safety interlocks, such as the audible alarm, warning
lights, emergency stop buttons, etc. operate properly. This information can be found in the license
conditions and the instruction manual supplied with the teletherapy equipment.

For staff, the licensee must ensure that everyone is aware of and follows the approved
procedures. This can be accomplished by routine inspections by the radiation safety officer and
refresher courses.

8.6.5. Compliance inspections

Experience indicates that in spite of all other factors in an effective radiation safety
programme, deficiencies may arise unless knowledgeable, independent and authoritative persons are
periodically allowed to review the licensee's entire operation. These deficiencies are usually not
deliberate, but result from staff changes, insufficient attention to details due to other priorities,
resistance to change and a lack of resources.

It is the policy of the competent authority to inspect each teletherapy facility once a year, and
more frequently if serious deficiencies are found. A visit to each new therapy installation is attempted
as soon as it is completed, but in some cases operation is allowed without an inspection provided that
the licensee has confirmed that the facility has been constructed according to the design which was
previously approved by the competent authority.

The factors which are considered during an inspection are as follows:

Check that each operator is wearing a dosimeter (TLD) and doses are similar to other
teletherapy facilities (e.g. approximately 2 mSv per year). Anyone likely to receive in excess
of 5 mSv per year must be designated as an occupational radiation worker pursuant to the
regulations,
Verify that source leak tests are performed at least yearly and the contamination level does not
exceed 200 Bq,
Verify that the licensee has an inventory (e.g. manufacturer, model number, activity, serial
number, location, date received, disposal details, etc.) of all radioactive materials,
Confirm that dose rates around the unit do not exceed 2 mR/h at 1 meter from the source,
Check dose rates around the therapy room in all possible unit orientations, and estimate the
doses to people in the area. Any area exceeding 2.5 mR/h must be marked with a radiation
warning sign. Many units have restrictions on the directions in which the primary beam can
be directed. For example, the primary beam could be limited towards a beamstopper or
specific wall. In such cases, this must be considered In the room design and the associated
interlocks to prevent hazardous modes of operation must be verified during inspections,
Check the operation of all interlocks, alarms and warning lights, for AECL (Theratronics
International) units,verify the location of the source emergency return tool and knowledge of
its use.
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8.6.6. Case histories of accidents and incidents in teletherapy

Radioactive materials are encountered in everyday life and are frequently transported by road,
rail, sea and air. Incidents/accidents are therefore inevitable and, in the case of loss of control,
radiation sources may lead to overexposures of workers and members of the public.

TABLE 8.9. TERMS OF FATALITIES/ACCIDENTS OCCURRING IN THIS DECADE CAUSED BY LACK OF
CONTROL AND INADEQUATE HANDLING OR USE OF SEALED SOURCES.

Year

1981

1982

1984

1987

1988

Location

Oklahoma (USA)

Norway

Morrocco

Goiania (Brazil)

San Salvador

Radiation source

Industrial radiography

Sterlizer facility

Lost Ind. Rad.

Removed teletherapy

Sterlizer facility

Worker

1

1

1

Public

8

4

Some reasons for not achieving control of radiation sources, according to the IAEA, are:

Lack of an appropriate legal and regulatory framework;
Lack of an effective radiation protection infrastructure (notification, registration, licensing,
inspection);
Insufficient training of personnel in the safe handling of radiation sources.

The radiological accident of Goiania was also a consequence of lack of control. Lack of
control from the direction of the facility which, surprising enough, was composed of radiotherapists
and possessed a physicist specialized in radiation protection.

In spite of all the recommendations contained in publications concerning emergency response
planning and preparedness, it could be learned from this radiological accident that several adverse
vectors not mentioned in the literature were a reality. Thus, not only social, political, economic and
technical problems were to be faced but also psychological aspects, discrimination being the most
important.

Two other points must be mentioned and discussed for future learning:

Where radioactive sources are being used or stored on a site, even a temporary site (in the
case of industrial radiography, moisture/density gauges, brachytherapy), the organization
should have specific procedures of control, especially in the event of an incident.

Even with the greatest care, accidents are sometimes unavoidable and, thus, it is of vital
importance and absolutely necessary to be well prepared to deal with any that may occur.

8.6.6.1. Case history of the Goidnia accident

It is now known that at about the end of 1985 a private radiotherapy institute, the Institute
Goiano de Radioterapia in Goiania, Brazil, moved to new premises, taking with it a cobalt-60
teletherapy unit and leaving in place a caesium-137 teletherapy unit without notifying the licensing
authority as required under the terms of the institute's license. The former premises were subsequently
partly demolished. As a result, the caesium-137 teletherapy unit became totally insecure. Two people
entered the premises and, not knowing what the unit was but thinking it might have some scrap value,
removed the source assembly from the radiation head of the machine. This they took home and tried
to dismantle.
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In the attempt the source capsule was ruptured. The radioactive source was in the form of
caesium chloride salt, which is highly soluble and readily dispersible. Contamination of the
environment ensued, with one result being the external irradiation and internal contamination of several
persons. Thus began one of the most serious radiological accidents ever to have occurred.

After the source capsule was ruptured, the remnants of the source assembly were sold for scrap
to a junkyard owner. He noticed that the source material glowed blue in the dark. Several persons
were fascinated by this and over a period of days friends and relatives came and saw the phenomenon.
Fragments of the source the size of rice grains were distributed to several families. This proceeded for
five days, by which time a number of people were showing gastrointestinal symptoms arising from
their exposure to radiation from the source.

The symptoms were not initially recognized as being due to irradiation. However, one of the
persons irradiated connected the illnesses with the source capsule and took the remnants to the public
health department in the city. This action began a chain of events which led to the discovery of the
accident.

A local physicist was the first to assess, by monitoring, the scale of the accident and took
actions on his own initiative to evacuate two areas. At the same time the authorities were informed,
upon which the speed and the scale of the response were impressive. Several other sites of significant
contamination were quickly identified and residents evacuated.

8.6.6.2. The human consequences: Dealing with the people affected

Shortly after it had been recognized that a serious radiological accident had occurred,
specialists - including physicists and physicians - were dispatched from Rio de Janeiro and Sao Paulo
to Goiania. On arrival they found that a stadium had been designated as a temporary holding area
where contaminated and/or injured persons could be identified. Medical triage was carried out, from
which 20 persons were identified as needing hospital treatment.

Fourteen of these people were subsequently admitted to the Marcilio Dias Naval Hospital in
Rio de Janeiro. The remaining six patients were cared for in the Goiania General Hospital. Here a
whole body counter was set up to assist in the bioassay programme and to monitor the efficacy of the
drug Prussian Blue, which was given to patients in both hospitals to promote the decorporation of
caesium. Cytogenetic analysis was very helpful in distinguishing the severely irradiated persons from
those less exposed who did not require intensive medical care.

Decontamination of the patients' skin and dealing with desquamation from radiation injuries
and contaminated excreta posed major problems of care. Daily hematological and medical
examinations, good nursing care and bioassay of blood cultures contributed to the early detection and
therapy of local systemic infections.

Four of the casualties died within four weeks of their admission to hospital. The post-mortem
examinations showed haemorrhagic and septic complications associated with the acute radiation
syndrome. The best independent estimates of the total body radiation doses of these four people, by
cytogenetic analysis, ranged from 4.5 Gy to over 6 Gy. Two patients with similar estimated doses
survived. A new hormone-like drug, granulocyte macrophage colony stimulating factor (GMCSF), was
used in the treatment of overexposed persons, with questionable results. Within two months all
surviving patients in Rio de Janeiro were returned to the Goiania General Hospital, where
decorporation of caesium continued until it was safe to discharge them from hospital.

Many individuals incurred external and internal exposure. In total, some 112 000 persons were
monitored, of whom 249 were contaminated either internally or externally. Some suffered very high
internal and external contamination owing to the way they had handled the caesium chloride powder,
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such as daubing their skin and eating with contaminated hands, and via contamination of buildings,
furnishings, fittings and utensils.

More than 110 blood samples from persons affected by the accident were analyzed by
cytogenetic methods. The frequency of chromosomal aberrations in cultured lymphocytes was
determined and the absorbed dose was estimated using in vitro calibration curves. The dose estimates
varied from zero up to 7 Gy. Poisson distribution statistical analysis of cells with chromosomal
aberrations indicated that some individuals had incurred non-uniform exposures. Highly exposed
individuals are still being monitored for lymphocytes carrying cytogenetic aberrations.

Urine samples were collected from all individuals potentially having internal contamination
and their analysis was used as a screening method. Urine and faecal samples were collected daily from
patients with internal contamination. Intakes and committed doses were estimated with age specific
mathematical models. The efficacy of Prussian Blue in promoting decorporation of caesium was
evaluated by means of the ratio of the amounts of caesium excreted in faeces and in urine. A whole
body counter was set up in Goiania, and the effect on the biological half-life of caesium in the
organism of the dosage of Prussian Blue administered to patients was estimated.

8.6.6.3. The environmental contamination: Assessment and remedial actions

The environment was severely contaminated in the accident. The actions taken to clean up the
contamination can be divided into two phases. The first phase corresponds to the urgent actions needed
to bring all potential sources of contamination under control, and was in the main completed by 3
October, but elements of this phase persisted until Christmas 1987, when all the main contamination
sites had been dealt with. The second phase, which can be regarded as the remedial phase aiming to
restore normal living conditions, lasted until March 1988.

The primary objectives of the urgent response were to prevent high individual radiation doses
that might bring about non-stochastic effects; to identify the main sites of contamination; and to
establish control over these sites. In the initial response, all actions were aimed at bringing sources of
actual exposure under control, and this took three days.

Initial radiation surveys were conducted on foot over the contaminated areas. Seven main foci
of contamination were identified, including the junkyards concerned, some of them with dose levels
of up to 2 Sv h'1 at one meter.

An aerial survey by suitably equipped helicopter confirmed that no major areas of
contamination had been overlooked. Over a period of two days all of the more than 67 square
kilometers of urban areas of Goiania were monitored. The extends of the seven known principal foci
were confirmed and only one previously unknown, minor area, giving rise to a dose rate of 21 mSv
h"1 at one meter, was discovered.

It was possible for lesser areas of contamination to have been missed, especially in the vicinity
of the heavily contaminated areas around the main foci. A complementary system of monitoring
covering large areas, although limited to roads, was put into practice. This system used detectors
mounted on and in cars, and 80% of the Goiania road network, over 2000 km, was thus covered. The
main foci of contamination were the junkyards and residences where the integrity of the source capsule
was breached; these covered an area of about 1 km2.

Action levels in this initial response were set for the control of access (10 (iSv h"1); for
evacuation and prohibited access (2.5 |iSv h ' and later 10 (iSv h"1 for houses, and 150 (xSv h"1 for
unoccupied areas); and for workers participating in accident management (dose limits and
corresponding dose rates per day, week and month). In total, 85 houses were found to have significant
contamination, and 200 individuals were evacuated from 41 of them. After two weeks, 30 houses were

141



free for reoccupation. It should be emphasized that these levels, which correspond roughly to one tenth
of the lowest values of the intervention levels recommended by the International Commission on
Radiological Protection and the IAEA (non-action levels), were extremely restrictive, owing to political
and social pressures.

Subsequently, the dissemination of contamination throughout the area and the hydrographic
basin was assessed. A laboratory was set up in Goiania for measuring the caesium content of soils,
groundwater, sediment and river water, drinking water, air and foodstuffs. Countermeasures were only
necessary, however, for soil and fruit within a 50 meter radius of the main foci.

The subsequent response, consisting mainly of actions undertaken for recovery, faced various
difficulties in surveying the urban area and the river basin. These were compounded by the heavy rain
that had fallen between 21 and 28 September, which had further dispersed caesium into the
environment. Instead of being washed out as expected, radioactive materials were deposited on roofs,
and this was the major contributor to dose rates in houses.

Levels of contamination in drinking water were very low. The groundwater was also found
to be free of contamination, except for a few wells near the main foci of contamination with
concentrations of caesium just above the detection level.

The main countermeasures undertaken during this remedial phase were the decontamination
of the main sites of contamination (including areas outside the main foci), of houses, of public places,
of vehicles and so on. For decontamination at the main foci, heavy machinery was necessary to
remove large amounts of soil and for demolishing houses. Large numbers of various types of
receptacles for the waste also had to be constructed. In addition, a temporary waste storage site had
to be planned and built. This was done by the middle of November, and decontamination of the main
foci and remaining areas was carried out from mid-November up until the end of December 1987.

The investigation levels selected for considering the various actions corresponded to a dose
of 5 mSv in the first year and a long term projected dose of 1 mSv per year in subsequent years. The
work included the demolition (and removal) of seven houses and the removal of soil. Areas from
which soil was removed were covered with concrete or a soil pad. In less contaminated places, the
main source of exposure was contaminated dust deposited on the soil; after removal of the soil layers
where necessary, surfaces were covered with clean soil. Of 159 houses monitored, 42 required
decontamination. This decontamination was achieved by vacuum cleaning inside and by washing with
high pressure water jets outside. Various procedures for chemical decontamination proved to be
effective, each adapted to the circumstances, the material concerned and the level of radioactivity.

The action levels for these remedial actions were selected under strong political and public
pressures. The levels were set substantially lower than would have resulted from an optimization
process. In most cases, they could be regarded as more applicable to normal situations than to an
accident recovery phase.

After the Christmas holidays in December 1987 the areas of lower dose rate surrounding the
main foci were decontaminated. There was no need for heavy machinery, and optimization procedures
were developed and adopted. This stage lasted until March 1988.

From its inception, the response generated large quantities of radioactive wastes. A temporary
waste storage site was chosen 20 km from Goiania. Wastes were classified into non-radioactive (below
74 kBq kg"1), low level (below 2 mSv h"1) and medium level (between 2 mSv h"' and 20 mSv h'1).
Various types of packaging were used, according to the levels of contamination. The packaging of
wastes required 3800 metal drums (200 L), 1400 metal boxes (5 tonnes), 10 shipping containers (32
m3) and 6 sets of concrete packaging. The temporary storage site was designed for a volume of waste
of 4000-5000 m\ encapsulated in about 12 500 drums and 1470 boxes.
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The final total volume of waste stored was 3500 m3, or more than 275 lorry loads. This large
volume is directly attributable to the restrictive action levels chosen, both in the emergency period and
in the recovery phase. The economic burden of such levels, especially in the latter phase, is far from
insignificant.

A sampling system was built to monitor the runoff (including rainwater) from the platform
on which the waste was placed. The best estimate of the radioactivity accounted for in contamination
is around 44 TBq (1200 Ci), compared with the known radioactivity of the caesium chloride source
before the accident of 50.9 TBq (1375 Ci). No decision has yet been made on the final disposal site
for the waste.

8.6.6.4. Observations and recommendations

Very often reviews of radiological accidents serve only to call attention to what is already well
known. Many observations and recommendations emerged from the review of the accident in Goiania.
However, observations made here do not necessarily refer to the specific circumstances of the accident.

On the subject of the potential occurrence of such accidents, one major observation is that
nothing can diminish the responsibility of the person designated as liable for the security of a
radioactive source. Radioactive sources that are removed from the location defined in the process of
notification, registration and licensing can present a major hazard. Means to preclude such breaches
of care should therefore be ensured by the person liable for a radioactive source, and these should
include verification procedures and appropriate security arrangements. Although the regulatory system
is a check on the effectiveness of the professional and management system, it should be emphasized
that regulatory and legal control cannot and must not detract from managerial responsibility.

In order to facilitate the discharging of responsibility by the person liable for a radioactive
source, suitable ways of complying with regulatory requirements should be specific, simple and
enforceable. In particular, good communication is required between all concerned in implementing and
enforcing radiological protection requirements.

Recognition by the general public of the potential danger of radiation sources is an important
factor in lessening the likelihood of radiological accidents. Due consideration should be given to a
system of markings for radiation hazards that would be recognizable to the wider public.

The physical and chemical properties of radioactive sources are very important in relation to
radiological accidents. They should be taken into account in the licensing for manufacture of such
sources, in view of the potential influence of these properties on the consequences of accidents with
and misuse of sources.

If, all precautions notwithstanding, an accident does occur and a radiological hazard is
foreseen, there should be a well understood chain of information and command. In this regard, it is
worth mentioning that preparations to respond to radiological emergencies should cover not only
nuclear accidents but the entire range of possible accidents entailing radiation exposure.

Medically, experience in Goiania confirmed in general the adequacy of presently available diagnostic
techniques, antibiotics, and methods for platelet separation and transfusion. In addition, it demonstrated
the usefulness of cytogenetic dose estimates and the remarkable efficacy of Prussian Blue in
eliminating internal contamination by caesium-137.

The treatment of casualties of radiological accidents is extremely varied and complex. They
must be cared for in hospitals by staff who are engaged on a daily basis in the hematological,
chemotherapeutic, radiotherapeutic and surgical treatment of patients at risk from cancer,
immunosuppression and blood dyscrasias. Generally, medical personnel and facilities are not prepared
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for dealing with radiation injuries and radiological emergencies. Provision should be made in
radiological emergency plans for immediate assistance from medical specialists trained to handle such
patients. Recognition of the nature of radiation injury, however, depends on the education of non-
nuclear workers as well as on trained health professionals, all of whom are dependent upon widely
disseminated educational programmes.

On the subject of dealing with the environmental contamination due to an accident, it is worth
noting the issue of decisions on intervention levels. There is usually a temptation to impose extremely
restrictive criteria for remedial actions, generally prompted by political and social considerations. Such
criteria, however, impose a substantial economic and social burden in addition to that caused by the
accident itself, and this is not always warranted.

Finally, it is worth mentioning that an accident should be documented as soon as possible,
since the facts tend to become blurred with the passage of time. Dissemination of information to the
communications media, the public and, indeed, the response force is especially important. In particular,
the response teams should receive support in administration and public information appropriate to the
scale of the emergency. Major emergencies require prompt on-site administrative and public
informational support. All individuals who are likely responders to radiological emergencies should
undergo training, both formal and in drills, appropriate to their likely functions.

8.7. REMOTE-CONTROLLED AFTER-LOADING DEVICES AND NEUTRON THERAPY

This section is concerned with the use of remotely controlled after-loading equipment which
transfers sealed sources from a storage container into applicators pre-positioned at a treatment site and
withdraws the sources from treatment and neutron activation analysis using a neutron generator tube,
or beam part.

The guidance applies also when equipment intended primarily for therapy or activation analysis
is being tested or calibrated at its place of use, or used for in vitro irradiation, and when sealed sources
are being loaded or unloaded.

For the purpose of these guidance notes, remotely controlled after-loading equipment is divided
into two classes, high and low dose rate, giving an absorbed dose rate in air greater or less than 10
mGy h"1 at 1 m respectively.

Equipment for beam therapy and remotely controlled after-loading should also conform to the
requirements of Chapter 6.

8.7.1. Structural requirements

Remotely controlled after-loading using high dose-rate equipment and in vivo neutron
activation analysis should be carried out in a treatment2 room designed for the purpose. Except for
neutron activation analysis, the treatment room should be sited in a radiotherapy department. Low dose
rate after-loading equipment has been designed for use in a ward or adjoining room so the specific
guidance on structural shielding below need not necessarily apply. Except in the case of low dose rate
after-loading equipment, the control panel should be located outside the treatment room.

The treatment room should be provided with structural shielding giving adequate protection
to all persons outside the room. If the equipment is designed and the radiation beam collimated so that
the beam cannot be directed towards occupied areas, then the wall, ceiling or floor between the
treatment room and these areas may be designed to afford protection against leakage and scattered

2The word 'treatment' is used in this section to include irradiation for neutron activation analysis.
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radiation only; in such cases they should be appropriately labelled. The thickness of shielding should
allow for the fact that the area of wall, floor and ceiling which is a source of scattered radiation is
much greater when the useful beam is uncollimated (as in after-loading equipment).

Full protection commensurate with the use of the adjoining space should be provided in those
occupied areas towards which the radiation beam may be directed. (Details of the properties of
shielding materials can be found in ICRP Publication 33.) Observation windows should provide at least
the same degree of protection as that required of the walls or doors in which they are located. If a
maze entrance is arranged, the protection provided by the door may be reduced or the door may be
replaced by another type of barrier.

8.7.2. Calibration and maintenance

A qualified and experienced radiation physicist should be made responsible for ensuring that
all X ray, electron beam and neutron beam apparatus used for therapeutic purposes is tested and
calibrated before it is first put into use and at regular intervals thereafter. The minimum frequency of
calibration should be for X ray over 400 kV: weekly; for X ray below 400 kV: monthly; for electron
beam: twice weekly or (if use is infrequent) on each day when electron therapy is used; for neutron
beam: on each day when neutron when neutron therapy is used.

The measurements made at each calibration should be sufficient to ensure that the output
absorbed dose rate for all operational conditions can be estimated. Records of these measurements
should be kept. Where output absorbed dose rates vary by more than 5 per cent of the expected value
more frequent calibrations should be carried out.

The date and results of calibration should be entered on a calibration record, which should be
signed or countersigned by a physicist or RPO and made readily accessible.

A qualified and experienced radiation physicist should be made responsible for ensuring that
all gamma and beta-ray apparatus is checked for correct operation and applicability of the output data
in use, at least once every month or before use if use is infrequent or intermittent.

The causes of any changes in the output absorbed dose rate exceeding S per cent of the
expected value, found by the physicist or reported to him should be investigated and any necessary
action taken. This is particularly important for superficial therapy equipment which does not have an
integrating dosimeter.

Whenever adjustments, other than normal operation of the controls, which might alter the
output calibration have been made to the equipment, following breakdown or for any other reason, the
physicist should ensure that the apparatus is recalibrated before it is again used for the treatment of
patients.

Dosimeters used for calibrations and output checks should be maintained in good condition
and appropriate tests made to ensure that their sensitivity remains constant. Their operation and
sensitivity (traced to a national standard) should be checked at least annually over the range of
radiation qualities normally used.

Recommendations for the procedures to be adopted for ensuring that the equipment is properly
calibrated have been published by the Hospital Physicists' Association and by the American
Association of Physicists in Medicine; they are given also in other standard texts.

The radiation safety features of equipment and rooms should be maintained and checked in
accordance with the advice of the RPO. A record of defects and maintenance should be kept for each
equipment.
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Any person who carries out any modification to, or maintenance of, any apparatus, the result
of which might be to alter the output or quality of the radiation or the protection of the radiation
source, should indicate this clearly. One method of doing this would be to attach to the apparatus a
notice drawing attention to such modification or maintenance, and also on each occasion inform (in
writing) the RPO and the operator; the latter should enter the details in a record book kept for the
purpose: this record should include details of the modification, the name of the person concerned and
the date. The equipment should not be used again until the physicist responsible has been informed
and has confirmed by written entry in the record book that it is safe to use and any necessary
recalibrations have been completed.

When maintenance work has to be done in the vicinity of the electron path, the X ray target,
the filter, or the magnet system of any high energy machine, or on any neutron generator, monitoring
for possible induced activity should be carried out. If significant activity is detected protective
measures, such as remote handling and the wearing of protective clothing, should be taken or further
work postponed until short-lived activity has decayed.

Tritium targets for neutron generators should be handled only with forceps or other remote
means because of bremsstrahlung, and to avoid contamination. Some of the tritium released from the
target of a continuously pumped tube will be trapped in the vacuum system so precautions appropriate
to the handling of unsealed radioactive substances should be taken when the pump oil is changed or
other pump maintenance is carried out. Old pump oil should be treated as radioactive waste.

Sealed radioactive sources for beta or gamma beam therapy or remotely controlled after-
loading should have been tested by the manufacturer and should be accompanied by a leakage test
certificate. If this is not so, the source should be tested for leakage before it is loaded into the
equipment or the equipment brought into use. Sources should be retested at least once every two years,
but for those which are in frequent use for remotely controlled after-loading, leakage tests should be
made at least once a year; these sources may be subject to mechanical wear and there would be a
particular hazard to a patient if leakage occurred. A test should be made immediately if any damage
to a source is suspected. It is usually unnecessary, and likely to be more hazardous, to make direct
leakage tests on installed gamma sources. Instead, the equipment should be tested for leakage at the
sites indicated in Table 8.10.

TABLE 8.10. SITES TO TEST LEAKAGE

Equipment

Beta or gamma beam therapy equipment

Remotely controlled after-loading equipment

Place to be wipe-tested

The surface of the radiation head including the beam aperture

The internal surfaces of the transit tubes*

* All the sources should have recently passed through the transit tubes.

If in a leakage test the activity measured on the swab is less than 200 Bq the source(s) may
be considered to be leak free. Immediate steps should be taken to prevent the spread of contamination
if the measured activity is greater than 200 Bq, followed later by the removal of the leaking source
and decontamination of the equipment. In carrying out leakage tests of beta sources, care is essential
to avoid damaging the window through which the beta radiation is emitted.

8.7.3. Loading or exchanging sources in beta/gamma beam therapy equipment within a hospital

The greatest care is essential when loading or exchanging sources in beam therapy equipment
in view of the high activity of these sources and because it is usually necessary to override safety
interlocks. The system of work for this procedure should be set out in writing, taking into account the
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following paragraphs. Loading and unloading should be carried out by at least two persons who arc
properly trained and experienced; they should be the only people authorized to enter or remain in the
room during the process. If the work is carried out by a contractor, either with his own engineers or
in collaboration with hospital staff, responsibility should be clearly defined. These operations are only
infrequently carried out in a particular department and they require good co-ordination between
individuals who do not usually work together (i.e., contractors and hospital staff).

The procedure to be adopted should be agreed in advance with the RPA, who may wish to
arrange for a physicist to supervise the radiation protection aspects. Any technical instructions provided
by the equipment manufacturer should be strictly followed. The transfer container should be so
positioned in relation to the radiation head that the source remains shielded throughout the transfer
operation.

Each person involved in source changing should wear a direct-reading personal dosimeter (e.g.,
quartz fibre electroscope, or alarming dose rate meter) covering the anticipated dose range and a range
one order of magnitude higher, in addition to the normal personal dosimeter and any audible fixed
alarm.

The person supervising the operation should be additional to those concerned in the actual
loading or unloading. The operation should be monitored and timed and, in case of difficulty,
instructions should be given for a pre-arranged contingency plan to be followed.

As part of the critical examination required when the operation has been completed, a check
should be made to ensure that all interlocks function, and that all other safety features are fully
operational.

8.7.4. General operating procedures (equipment installed in a treatment room)

The operator and all other persons except the patient should normally be outside the treatment
room when the equipment is about to be used.

Very occasionally, and only for the most compelling clinical reasons, it may be necessary for
a person other than the patient to be in the treatment room during treatment. This person, who should
not normally work with radiation, should be adequately instructed about the risk involved and the
precautions to be taken. The dose received should be measured by means of a direct-reading dosimeter
and a record kept for 50 years.

Anyone permitted to be in the treatment room should be as far as possible from the beam.
Other precautions which may be appropriate include the use of fixed shielding and protective clothing.
The hazard to unshielded skin from a superficial therapy X ray tube is particularly great because the
filtration may be very low.

To avoid accidental over-exposure of patients, a strict procedure for the operation of the
apparatus is essential: all relevant members of the staff should be aware of this procedure and clearly
understand the extent of their own responsibility. The procedure should include the checking, by the
person responsible for operating the equipment, of the operating conditions of the apparatus on each
occasion before a patient is treated. Before treatments are commenced following experimental or
maintenance work, a dummy run should be made to ensure that equipment is functioning normally and
that interlocks are working.

The radiographer in charge should report immediately to the physicist in any of the following
circumstances:

(a) if the readings of the primary and back-up integrating dosimeters or timers differ, from each
other or from the expected value, by more than some locally agreed amount;
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(b) if any other indication, such as of absorbed dose rate, X ray tube voltage or current, differs
from its anticipated or pre-set tube value by more than some locally agreed amount or if the
X ray tube voltage or current falls outside the established limits;

(c) if the treatment is terminated or interrupted by any event other than the primary dose-
integrating system or timer, unless the reason is obvious; and

(d) if any interlock or trip switch is observed not to be functioning correctly.

The equipment should not be used again until the matter has been investigated and a safe
mode of operation confirmed or re-established. All radiotherapy doses and treatment parameters should
be recorded. If an accidental overdose occurs, such details are relevant to the future clinical
management of the patient.

Superficial therapy procedures (10-150 kV X rays). Where a dose rate monitor is not fitted,
the output under standard conditions should be checked at least once each working day. This is
particularly important for sets operating below 50 kV. Any variations from normal of 5 per cent or
more should be reported to the physicist responsible for the calibration.

The operator and any other person who needs to be in the treatment room should wear a
protective apron and, if the hands are likely at any time to be close to the radiation beam, protective
gloves. They should also make use of protective panels. The X ray tube or associated support or stand
should never be held by the operator while high voltage is applied.

For low energy (50 kV or less) an interlocked system should be employed to control the
maximum kilovoltage which may be used with a particular filter thickness.

Deep therapy procedures (150-400 kV X rays). The back-up timer should be pre-set to a
time greater than the estimated duration of treatment, but not more than 10 per cent greater.

Great care should be taken in the identification and positioning of all filters, especially wedge
filters, and other beam modifying devices if the equipment has no electrical facility to check the choice
of such devices.

High energy X ray or electron therapy procedures using accelerators. Where a back-up
timer is provided which can be pre-set by the operator it should be pre-set to a time greater than the
estimated duration of treatment but not more than 10 per cent greater.

Treatment times of less than 10 seconds are too short to allow for manual switching off in
emergency. For normal X ray and electron beam treatment the dose rate should be limited so that the
treatment times used are not less than 20 seconds.

Mental arithmetic under stressful conditions should be minimized and meter readings should
be readily convertible into terms which are meaningful as regards dose to the patient being treated.

Induced radioactivity may occur when accelerators are operated above 10 MeV. Materials used
for collimation and shielding should be chosen to avoid long lived activity. It may be necessary to
delay entry into the room to avoid a hazard from short lived activity and if necessary this should be
included in the local rules.

High energy electron treatment may utilize various combinations of scatterer and treatment
distance: thus a multiplicity of calibration factors will be involved. The number of these dosimeter
conversion factors or treatment parameters should be kept to a minimum.

Neutron therapy procedures with D-T generators, cyclotrons or beams. Two dose
integrating systems should be used. The use of a timer alone is inadequate because of fluctuations in
dose rate.
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Neutron activation analysis. In view of the very short half-lives of many of the
radionuclides formed in the body, all examinations should be planned and carried out in such a way
that activity can be measured with the minimum time delay after irradiation. This will help to reduce
the radiation dose to the patient.

Beta and gamma beam therapy procedures. There must be a clear indication to any person
about to enter the treatment room if the source is not in a safe position. In addition to normal personal
dosimeters, radiographers should wear personal, audible alarms unless a radiation monitor operating
an audible signal has been installed in the treatment room. Such alarms give further indications of the
source positions as well as the room and equipment warning signals. The personal monitors should
be switched on throughout the working period and should be capable of giving a recognizable signal
at a dose rate of 100 (j.Sv h"1. The audible indication should preferably be dose-rate dependent.

Radiographers should know how to use the emergency manual means to return the source to
the 'off position with the least practicable exposure of themselves and the patient. A daily check
should be made that any tool required for this operation is in the proper, accessible position near the
entrance to the room.

If it is not possible, even by the emergency manual means, to return the source to the 'off
position it will be necessary to enter the treatment room in order to remove the patient. The patient
should be removed as quickly as possible, the greatest care being taken to avoid any exposure to the
radiation beam. If it is possible to close the collimators from the control panel this should be done
before entering the room; otherwise, it may be advisable to rotate the head away from the route of
entry and then close the collimators immediately after entering the room. Clear written instructions
should be available which describe the action to be taken; this action should be practiced from time
to time.

As a teletherapy source is still emitting radiation when in the 'off position, the room should
be occupied only for necessary purposes associated with the use and maintenance of the apparatus and
other essential activities.

The shutter or source should be locked in the 'off position when the equipment is not in use,
to protect persons who may enter the treatment room while the equipment is unattended, or an
equivalent standard of safety should be used.

8.7.5. Remote after-loading devices

Figure 8.18 shows an illustration of a remote after loading device. It should be remembered
that to minimis the possibility of sources sticking in transfer tubes and applicators, excessive bends
should be avoided and the manufacturer's recommendation on the minimum radius of curvature should
be followed. Transfer tubes and applicators should be examined for kinks before each treatment.

Radiographers should know how to use the emergency manual means provided on high dose-
rate equipment to return sources to the storage container with the least practicable exposure of
themselves and the patient. A daily check should be made that any tool required for this operation is
in the proper, accessible position near the entrance to the room.

In the event of failure of all the systems provided on equipment for return of sources it may
be necessary to enter the treatment room and to withdraw the loaded applicators from a patient
manually, using long-handled forceps or other instruments if necessary. Clear written instructions
should be displayed permanently to cover this eventuality and any handling instruments required and
a protected receptacle should be readily accessible.

A portable monitor should be available and should be used to locate the source in the event
of a failure of the source return mechanisms. The portable monitor should be battery operated.
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FIG. 8.18. Intracavitary remote afterloading.

In the case of low dose-rate equipment, the portable monitor should be used after each
treatment if it is not otherwise possible to check that all sources have been returned to the source
container.

As the sources are still emitting radiation even when in the storage container, the room should
be occupied only for necessary purposes associated with the operation and maintenance of the
apparatus and other essential activities.

Where practicable, treatment should be carried out in wards having only one or two beds,
particularly if the absorbed dose rate is greater than 2 mGy h"' at 1 m. Care should be taken to ensure
that adjoining rooms are adequately shielded.

Both the equipment and the beds of patients under treatment in a general ward should be
positioned in accordance with the arrangements for area designation and the terms of any written
system of work to minimis the consequential radiation doses, both individual and collective, to other
patients. In general this would require that the patient being treated is not less than 2.5 m from the
center of any bed occupied by another patient.

Mobile protective barriers should be used around the beds of patients while after-loading
treatment is in progress, unless their use is impracticable. When the equipment is in operation a
Radiation Warning Sign to indicate ionizing radiations should be displayed at the boundary of the
controlled area. Medical, nursing and ancillary ward staff and other persons should not remain
unnecessarily in the vicinity of patients during treatment. Where it is clinically acceptable, after-
loading treatment should be interrupted and the sources withdrawn during nursing procedures. Visiting
should not be allowed during treatment periods, except in accordance with conditions set out in the
local rules.

After the completion of treatment with low dose rate after-loading equipment a portable
radiation monitor should be used to ensure that all sources have returned to the storage container
unless there are other equally effective means to ensure this. In the event of failure of all the systems
provided on equipment for return of sources it may be necessary to withdraw the loaded applicators
from a patient manually, using if necessary long-handled forceps or other instruments to put them in
a spare container.

When not in use, the equipment should be stored so that it will not give rise to significant
exposure of any person.

Radiation protection. Remote afterloading techniques have virtually eliminated operator
doses since all manipulations with the patient involve only an inactive applicator. Irradiation at high
dose rates takes place within a fully shielded room from which the operators must be excluded whilst
a source is exposed. Radiation protection involves the provision, safe operation and observance of
good safety and warning systems. On completion of each exposure, care must be taken to ensure that
the source has fully retracted into the container. If, exceptionally, a fully shielded room is not to be
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used for low dose rate irradiation, careful control must be exercised over doses received by nursing
staff, visitors and. possibly, other patients.

In those situations where remote afterloading techniques are either inappropriate or have not
yet been introduced, very significant operator doses can occur (sometimes close to annual limits).
Radiation protection involves local shielding, use of special handling devices, skilled working and the
provision of additional personal dosimeters to maintain close control of doses to both the whole body
and extremities. Care must be exercised to ensure that all sources are removed from the patient on
completion of the treatment.

8.8. BRACHYTHERAPY

This section sets out the necessary precautions to be taken in the use of small sealed or other
solid sources, for superficial, intracavitary or interstitial radiotherapy, other than by remotely controlled
after-loading. This includes the preparation, sterilization and testing of these sources. The sources
considered include l37Cs and 60Co needles and tubes, l25Ir and 198Au grains, 192Ir wires, and 90Sr and
other beta-ray plaques.

Except where clinically justified, all sources used for brachytherapy should be sealed sources
which conform with the criteria given in section 6. The clinical use of 226Ra needles and tubes and
182Ta wires is declining and should be discouraged. Singly encapsulated radium sources should never
be used.

8.8.1. General procedures

Brachytherapy is radiotherapy in which the radiation sources are virtually in direct contact with
the tumour, either externally or internally, so as to produce carefully defined irradiation at very short
distances. There are three subdivisions of this technique:

(i) 'interstitial', where wires are introduced surgically into tissues,
(ii) 'intracavitary', where sources are placed in natural body orifices, and
(iii) 'surface' therapy. The intracavitary technique can involve manual positioning of sources but

this should be replaced by 'afterloading techniques', which involve careful positioning of an
inactive applicator, followed by either manual or remote insertion of the radiation source into
the applicator.

A room should be provided for the 'make-up' and cleaning of sources and applicators and this
room should be occupied only during such work. The room should be designated as a controlled area
because of external radiation. Dose rates can often be reduced significantly by the use of local
shielding. Slight contamination can arise from solid sources so the room should be designed to be
easily cleaned and decontaminated; work benches, floors and walls should have smooth impervious
surfaces. Sinks should have suitable traps so sources cannot be lost. The door of the room should be
marked with a warning sign indicating both the presence of ionizing radiation and the existence of a
controlled area.

Additional ventilation may be required if radium sources are used.

Sources may be administered to patients only by, or under the direction of an authorized
person.

The activity of sources should be measured and compared with the calibration certificate
supplied by the manufacturer before being administered to a patient. Sources should be measured
individually; but those that have been produced collectively in a common irradiation container, with
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each source having one dimension less than 5 mm, may be measured collectively,although a needles'
design and construction will retain its integrity when subjected to test environments for:

temperature at 800°C; from impact at 9 m;
for percussion of a 1.4 kg steel rod from 1 m;
for bending at a 90° angle and
for tensile stress: 11 kg suspended from eyelet.

Figures 8.19 to 8.22 illustrate the different types of brachytherapy sources.

FIG. 8.19. Schematic diagram of 3 Mcaesium-137 tube source, series 6500.

I-125 adsorbed
on silver rod

i
0.8 mm

0.05 mm
titanium

0.5 mr

FIG. 8.20. Schematic diagram ofl251 seed, model 6702.
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FIG. 8.21. Schematic diagram of I seed, model 6711

* Lengths dependent on activity
in milligram radium equivalents

: Total length

5.9 mm : Active length

r 0.42 mm
stainless steel

6.1 mm

Eyelet 0.7 mm ball (2) 137Cs loaded ceramic
stainless steel microspheres

FIG. 8.22. Schematic diagram of 3 Mcaesium-137 needle source.

Special tools or surgical instruments should always be used when sources are being prepared
for or administered to patients. They should be constructed so as to provide the maximum handling
distance or shielding compatible with effective manipulation. All operators should be trained not to
pick up sources or loaded source applicators by hand under any circumstances. Methods of work
should be reviewed periodically to ensure that doses continue to be minimized.

The local rules should prohibit the placing of objects in the mouth, eating, smoking, drinking
or the application of cosmetics whilst within the 'make-up' and cleaning room and only permit the use
of disposable handkerchiefs. This is necessary since the tools for handling solid sources are liable to
become contaminated, creating a risk of the contamination entering the body.

All appliances should be able to be handled easily and speedily; for example, needle eyes
should be easily threaded (frayed thread ends should be waxed) and screw threads should be of the
optimum size and pitch to allow fast 'jam proof operation. When needles or capsules of the same
appearance but of different activities are used, they should be distinguishable, e.g., by different colored
threads or beads.
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In intracavitary radiotherapy, a thread should be passed through the source eyelet or attached
to the applicator to provide an emergency method of removal from the patient. Flexible tubes into
which sources are to be loaded should be inspected before use to ensure that they are in good
condition.

The number and position of removable sources in or on the patient should be regularly
checked, using a procedure that minimizes dose to staff. A radiation monitor should be used to
confirm that no source remains in the patient or in the treatment area or ward at the conclusion of
treatment. Dressings and excreta from patients receiving treatment should not be disposed of until
monitoring has shown that they are not contaminated by radioactive material or until all the sources
have been accounted for. To reduce the possibility of sources being mislaid, they should be inspected,
cleaned and returned to store (or sent for disposal) without delay.

A shielded container should be placed near the bed of a patient being treated with removable
sources. If a source becomes accidentally displaced it should be transferred to the container using
forceps; the incident should be reported immediately to the clinician in charge and the RPO.

Steps should be taken to ensure that sources which might be mislaid or lost from a patient do
not reach the refuse incinerator or laundry. All containers such as rubbish bins, soiled dressings bins
and laundry baskets, coming from a ward or other area where such sources are employed, should be
tested for radioactivity with a monitoring instrument. A double check can be provided by a permanent
alarm installed in a doorway or corridor through which outgoing bins, baskets, and trolleys have to
pass.

Sources used for brachytherapy should be cleaned before being returned to the store so as to
minimis subsequent sterilization and disinfection difficulties.

A record should be kept of the issue, distribution and return of all sources and also of the
administration of permanent implants.

Sealed radioactive sources will usually have been tested by the manufacturer and be
accompanied by a leakage test certificate. If there is no certificate, the source should be tested for
leakage and surface contamination before it is used for the first time. Sources should be retested at
least once a year and whenever damage is suspected. This is necessary because brachytherapy sources
are subject to wear through frequent use and sterilization and because of the particular hazard to a
patient if leakage should occur, pathways for intake being comparatively short.

If in a leakage test the activity measured on the swab (or in the liquid used for an immersion
test) is less than 200 Bq the source may be considered leak free. Activity greater than 200 Bq can be
due to surface contamination arising from a different source, therefore the source should be
decontaminated and retested before it is assumed to leak. A 226Ra source should be considered to be
leaking if the leakage rate is found to exceed 200 Bq of radon in 12 hours. In carrying out leakage
tests of beta sources care is essential to avoid damaging the window through which the beta radiation
is emitted.

Whenever it is believed that a source is or might be leaking, it should be sealed in an airtight
container and kept separate from other sources. An inspection by a competent authority should be
arranged as soon as possible with a view to arranging for repair or disposal (see Section 12).

8.8.2. Sterilization and disinfection of small sources

When sterilizing or disinfecting small sources, precautions should be taken to avoid
unnecessary radiation exposure of nursing and other staff; damage to the sources (e.g., radium needles
should not be autoclaved); and loss of sources.
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If autoclaves, hot air ovens, and other equipment are used for sterilizing or disinfecting sources
they should be adequately shielded and designed to prevent the loss of a source from the equipment
during use.

The following special precautions need to be taken when sterilizing or disinfecting sources:

(a) sterilizers should be fitted with a cut-out that will prevent the temperature of the source rising
above 180°C;

(b) sources or applicators containing sources should not be sterilized or disinfected if found to be
damaged;

(c) disinfecting solutions which do not attack identification marks should be used.

When sources need to be cleaned before being returned to the store, particular care should be
taken with thin-walled sources. The following cleaning methods are suitable for sealed sources:

(a) soaking for an hour in a suitable disinfectant or in a solution of hydrogen peroxide to remove
dried blood or in xylene to remove moulding material;

(b) thorough rinsing in warm or boiling water; and
(c) ultrasonic cleaning using a low power generator.

Abrasive substances (e.g., metal cleaners and polishes) should never be used and sources
should never be allowed to come into contact with mercury or mercury salts, iodine and solutions of
hypochlorites, or corrosive substances. Immersion in a solution such as normal saline will aid the
removal of blood and tissue from appliances.

8.8.3. Loss or breakage of a source

Notices indicating the action to be taken in the case of loss or breakage of a radioactive source
should be displayed in each room where such sources are handled or used.In some cases a preliminary
notification of event or unusual occurrence is made to the competent authority. Several examples of
these are in Section 8.11.

On account of the high radiotoxicity and long half-life of 226Ra, special care should be taken,
where radium sources are still used, to avoid the fracture of a radium container which might lead to
the dispersal of radium compound and to intake of radium into the body. In addition to regular
inspection and leak testing of sources, monitoring for contamination should be carried out in areas
where radium needles are manipulated. If contamination is found, precautions to prevent its spread
should be rigorously applied. The clean-up of any substantial radium contamination should only be
undertaken on the advice of the RPO. Similar precautions are necessary in the event of contamination
arising with other longlived radionuclides of high or medium toxicity.

Beta sources. Suitable shields or baffles should be provided to ensure adequate protection
when manipulating beta radiation sources. A transparent plate of adequate thickness should be mounted
or worn between the source and the face of the operator in order to prevent the head of the operator
from being placed too near the source, and to protect the eyes and face from beta radiation. Particular
care should be taken when using beta sources of around 3 GBq activity, such as for the treatment of
pterygia. A plastic shield should be in position on the handling rod to protect the operator as the beta
surface dose rates from such sources are high.

It should be recognized that beta sources will emit bremsstrahlung and may emit characteristic
X and annihilation radiation, or both. In the case of large sources these radiations may present a hazard
which should be evaluated and the necessary precautions taken; for example, sources should be kept
well away from material of high atomic number.In addition, some sources intended for the utilization
of beta radiation outside the container have a thin window. When they are not in use this window
should be covered by a shield of sufficient thickness to stop all beta radiation and minimis
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bremsstrahlung radiation. When cleaning the sources the precautions referred to earlier should be
observed and care should be taken to avoid damage to the window.

Gamma sources. Benches used for the preparation, assembly and cleaning of gamma
radiation source capsules and appliances should be provided with adequate protection for the operator
and for other persons either associated with the work or in adjacent areas.

Protective barriers, mounted on wheels and provided, where necessary, with sterile drapes,
should be used in operating theaters and other treatment rooms. These barriers should be so designed
as to give protection in all directions where persons are usually stationed during radiotherapeutic
procedures. Gamma sources should remain behind protective shielding as long as possible and be
removed as required for application to the patient. In all cases expeditious handling and the use of
suitable instruments will reduce the hazard. Manual, or preferably remotely controlled, after-loading
techniques should be employed wherever possible to reduce the dose received by staff.

Neutron sources. Where neutron sources, such as 252Cf, are used for brachytherapy, shielding
against both neutron and gamma radiation should be provided. (For data on source output and
shielding, see ICRP Publication 21.) Personal dosimeters and area monitoring instruments should be
suitable for fast and thermal neutrons.

Protection of persons in proximity to patients undergoing brachytherapy. Most areas in
which patients are treated will need to be designated as controlled areas except where only low activity
beta sources are used. Wherever possible treatment should be carried out in rooms having only one
or two beds. People in adjoining rooms should be adequately protected.

The beds of patients under treatment in a general ward should be positioned in accordance
with the arrangements for area designation and the terms of any written system of work to minimis
the consequential radiation doses, both individual and collective, to other patients, particularly those
not under radiotherapy treatment.

In general this would require that the patient being treated is not less than 2.5 m from the
center of any bed occupied by another patient.

Mobile protective shielding should be used around the beds of patients being treated with
gamma or neutron sources except possibly for l92Ir wires and 125I grains. Circumstances where
protective shielding cannot be used should be included in a written system of work together with the
alternative precautions to be undertaken.

Beds in which there are patients undergoing treatment with radioactive sources should carry
a notice which includes a radiation warning sign. The nursing staff should be given details of the
number and nature of sources, their total activity, the time and date of application and intended
removal, and relevant nursing instructions.

The maximum dose rate at a distance of 1 m from each patient undergoing treatment should
be determined. This information should help the employer, as advised by the RPO, to set out in the
local rules:

(a) a written system of work providing entry to the controlled area for visitors and for unclassified
staff; and

(b) safe working procedures for classified staff.

Patients with sources in or upon their bodies should not normally leave the ward or treatment
room without the approval of the appropriate medical officer and RPO. (Guidance for when patients
leave hospital after administration of radioactive substances is given in Section 8.9.)
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Nursing staff and other persons should not remain unnecessarily in the vicinity of patients
undergoing treatment with gamma or neutron sources. Where possible, nursing procedures should be
postponed until after the sources have been removed.

8.9. PATIENTS LEAVING A HOSPITAL AFTER ADMINISTRATION OF RADIOACTIVE MATERIALS

This section gives advice on the conditions under which in-patients and out-patients may be
allowed to leave hospital to return home or elsewhere. It is intended for the general guidance of those
who are responsible for the administration of radioactive substances to the patient.

Care should be taken to ensure that patients only leave the hospital if they are unlikely to
create a hazard to other persons with whom they may come into contact. Responsibility for giving
advice on the radiation protection of patients and their personal contacts remains with the clinician
after the patient has left hospital.

Patients may leave hospital subject to consideration of the method of travel, time of the
journey and any other relevant personal circumstances. No restrictions should be necessary if the
residual activities at the time of departure do not give rise to a product of activity and total gamma
energy per disintegration (the product) exceeding 10 MBq MeV (see values given in column 2 of
Table 8.11). Above these levels patients should be given verbal instructions to ensure as far as possible
that they understand the restrictions which apply to them.

TABLE 8.11. GUIDELINES FOR PATIENTS LEAVING HOSPITAL. (ACTIVITIES IN MBq TAKING IN
ACCOUNT EXCRETION AND DECAY)

1
Radionuclide

,31,

198Au colloid

198Au grains

"Tc™

67Ga

'"In

,23j

9()w

32p

2
Return to radiosensitive

work: contact with children
< 10 MBq MeV

30

30

30

80

60

20

60

100***

300

3
No restriction*
< 50 MBq MeV

150

150

150

400

300

100

300

500

1500

4
Travel by

public transport
< 150 MBq MeV

400

400

400

1000

950

350

-

1500

4500

5
Travel by

private transport
< 300 MBq MeV

800

800

2000**

2500

—

--

--

3000

9000

**
***

Except for radiosensitive work and contact with children.
This is an exemption to enable patients treated with gold grains to be sent home.
Special case due to bremsstrahlung consideration.

Patients treated with an intraperitoneal or intrapleural administration of colloids should remain
in the treatment center for a period which should not exceed 48 hours to permit the insertion site to
be checked for leakage of radioactive substances.

Temporary implants or applicators should be removed before the patient is allowed to leave.

8.9.1. Information to patients

All patients whose product at the time of departure from hospital exceeds 50 MBq MeV (see
column 3 of Table 8.11) should be given an instruction card which gives appropriate information about
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precautions to be taken the need to carry the card and follow the instructions should be emphasized.
A basic format for an instruction card is shown at the end of this section. The precautions should be
explained as necessary to those who may come in close contact with the patient at home.

There is no need to place restrictions on the method of transport provided that the product is
less than 150 MBq MeV (see column 4 of Table 8.11). Where close personal contact whilst travelling
is unlikely (e.g., driving, walking or cycling alone; or sitting alone in the rear of a taxi or car) then
it is recommended that the product should not need to exceed 300 MBq MeV (see column 5 of Table
8.11).

Patients should be advised not to return to work if the residual activity in the body gives rise
to a product exceeding 150 MBq MeV (see column 4 of Table 8.11). Where work in close contact
with other people is involved the patient should not return to work whilst the product exceeds 50 MBq
MeV. Where there is reason to believe that the patient's employer carries out work which may be
affected by radiation (radiosensitive work, e.g., radionuclide assays, radiation monitoring, or work with
photographic or other radiation sensitive materials), the patient should be advised to notify the
employer if the activity exceeds 10 MBq MeV (see column 2 of Table 8.12).

If the product exceeds 10 MBq MeV (see column 2 of Table 8.12) patients should be advised
to avoid non-essential contact with children. They should also avoid close contact with other people
unless the product is less than 50 MBq MeV (see column 3 of Table 8.12).

TABLE 8.12. TIMES FOR DECAY TO 10 MBq MeV AND 50 MBq MeV (THIS TABLE DOES NOT TAKE
INTO ACCOUNT BIOLOGICAL DECAY.)

Radionuclide

"Ga

"Tc1"

"'In

, 2 3 ,

• 3 1 ,

131I

"!Au

'JOy

Initial activity
MBq

150

800

40

200

40

800

800

3000

Time for physical decay to give
10 MBq MeV

4 days

20 hours

2 days

1 day

4.5 days

39 days

14 days

13 days

Time for physical decay to give
50 MBq MeV

-

-

--

-

-

18 days

7 days

7 days

Nursing mothers who have received an administration of a radioactive substance should be
given advice concerning breast feeding.

Radionuclides which can be excreted can cause contamination problems and advice should be
given to protect members of the household. Normal sanitary arrangements should suffice. The use of
bed pans should be avoided if possible. There will normally be no need to place restrictions on
visitors.

The form set out in Table 8.13 is a recommended format for a radionuclide instruction card
to be given to patients on leaving a hospital.
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TABLE 8.13. RADIONUCLIDE INSTRUCTION CARD

Radionuclide:
Activity:
Administered on:

Hospital:
Address:

Patient Name:
Address:

Department:
Consultant:

Observe the following instructions:
(1) Avoid journeys on public transport until
(2) Avoid going to places of entertainment until
(3) Avoid prolonged personal contact at home until
(4) Do not return to work until
(5)

Signed:

(Doctor)

This card should be carried at all times until latest date shown.

In case of difficulty, telephone Dr at extension

The card should have a distinctive color, preferably yellow.

8.10. PRECAUTIONS AFTER DEATH OF A PATIENT TO WHOM RADIOACTIVE MATERIALS HAVE BEEN ADMINISTERED

This section is primarily concerned with the precautions to be taken after the death of a patient
who has been treated with radioactive substances. The hazards associated with most diagnostic
administrations of radioactive substances are small and unlikely to require special precautions after
death.

8.10.1. General advice

In hospitals, information about any radioactive substance remaining in the patient's body
should always be available. If such a patient dies in hospital, those persons responsible for disposal
of the body and for post-mortem procedures should be given the appropriate information including the
necessary precautions to be taken during disposal. The precautions should be specified in the local
rules.

Temporary implants of radionuclides should be removed from corpses as soon as possible after
death and before the body is released for post-mortem or disposal.

Nuclear powered cardiac pacemakers should never be left in a corpse. Their presence will be
recognizable since such patients are required to carry a bracelet and identity card. All patients should
have agreed at the time of the implant to the removal of their pacemakers on death.

8.10.2. Post-mortem examinations

When post-mortem examinations are performed at places other than treatment centers no
special precautions are necessary provided that the activities remaining do not exceed the values in
column 2 of Table 8.14.

If radioactive substances have been administered and the patient has left the treatment center,
the deceased person's general practitioner or the consultant in charge should inform the pathologist
and funeral director regarding the activity in the corpse.
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TABLE 8.14. MAXIMUM ACTIVITIES OF RADIONUCLIDES FOR DISPOSAL OF CORPSES WITHOUT
SPECIAL PRECAUTIONS (ACTIVITIES IN MBq)

Radionuclide

1 3 . ,

" 8 Au grains

I25I seeds

""Y colloid

198Au colloid

32p

89Sr

Post-mortem or embalming

10(l)

10(2)

40<2)

200(1)

400(3>

100(1)

50 ( l )

Burial

400<3)

400(3)

4000(3)

2000(4)

400(3)

2000<4)

2000(4>

Cremation

400(3)

100(5)

4000(3)

70(5)

100 ( 5 )

3O<5)

20 ( 5 )

Note: The values in columns relate to the greatest risk to those persons involved in the procedures.
(1) Based on contamination hazard.
<2) Based on extremity dose limit.
<3) Based on dose rate external to the body.
(4) Based on Bremsstrahlung dose at 0.5 m.
<5) Based on contamination hazard assuming that these radionuclides remain in the ash.

Where the pathologist needs to carry out the post-mortem before the activity has decayed to
values below those in column 2 of Table 8.14 (this will be by or shortly after the end of the period
when an instruction card should be carried), consultation should take place with the RPO so that the
radiation levels likely to be encountered are identified together with the hazards involved. When a
postmortem examination is done, similar precautions to those for operating theaters should be taken.

No special precautions are necessary for the embalming of corpses if the activity does not
exceed the values in column 2 of Table 8.14. Corpses containing greater activities should not normally
be embalmed, but if there are special reasons for doing so in a particular case the embalmer should
be advised by the RPO for the hospital where the treatment was given as to what precautions should
be taken.

No special precautions are necessary during the burial of corpses which have residual activities
less than those in column 3 of Table 8.14. For higher activities, the RPO should be consulted, before
the corpse is released, about the possible restrictions which may need to be applied to those who
approach the corpse.

The advice given above is appropriate for the handling of corpses during preparation for
cremation. No special precautions need to be taken during cremation where the residual activity is less
than that in column 4 of Table 8.14. For higher activities the RPA should be consulted before the
corpse is released.

8.11. PRECAUTIONS WITH MOBILE AND PORTABLE EQUIPMENT

In vehicular units for radiographic screening, where the space available is likely to be
restricted, the equipment should be so arranged and shielded that all staff associated with the procedure
are afforded adequate protection without the necessity for protective clothing. It may be necessary to
provide additional shielding around the patient. The beam alignment should be checked frequently,
particularly after movement of the vehicle.

When mobile or portable apparatus is used, operators should be particularly careful to ensure
that no part of their body is exposed to the radiation beam and that other persons in the vicinity of the
patient are afforded adequate protection. Scattered radiation should also be considered.
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The focal spot to skin distance should never be less than 30 cm.

For ward radiography, the advice of the RPO should be sought and arrangements for the
protection of staff and other patients should be supervised by the RPO. Particular care is necessary
with regard to the direction and size of the radiation beam as partition walls may not provide sufficient
X ray attenuation; local shielding may be needed. The immediate vicinity of the patient may be a
controlled area; control of access may be exercised by the operator giving a verbal instruction and
ensuring that persons leave the area.

Mobile equipment should not be capable of use by unauthorized persons when it is left
ded.unattended.

8.12. EXAMPLE OF MODEL RADIATION SAFETY COMMITTEE CHARTER AND RADIATION PROTECTION OFFICER

DELEGATION OF AUTHORITY

The following is a recommended structure for the organization of radiation protection in
hospitals using radioactive sources or apparatus emitting ionizing radiation.

8.12.1. Responsibility

The ultimate responsibility for the radiation protection of all persons, staff, patients and
members of the public on hospital premises rests with the hospital authority. Each Head of Department
is responsible for the implementation of radiation protection procedures in his department. Each person
involved in the use of radiation has the duty to observe these procedures.

The Department of Health and the Radiation Advisory Committee are available to provide
guidance and recommendations on any matters relating to the safe use of radiation.

To assist in the practical implementation of radiation protection procedures in the hospital it
would be appropriate that each hospital authority:

(1) Establish a Radiation Safety Committee.
(2) Nominate a Radiation Protection Officer.
(3) Nominate Departmental Radiation Safety Officers.
(4) Nominate a Medical Officer.

It would be desirable that only persons having the necessary training and experience in
radiation protection and conforming with such criteria as may be laid down by the Minister shall be
nominated as Medical Officer, Radiation Protection Adviser or Radiation Safety Officer.

The Minister for Health shall be notified of the names of any Radiation Protection Advisers,
Radiation Safety Officers and any Medical Officers that have been nominated for this purpose. This
notification shall include particulars of their qualifications and experience.

8.12.2. Radiation Safety Committee

The Radiation Safety Committee shall be given the responsibility for recommending radiation
protection measures in the hospitals to comply with the requirements of E.E.C. Directive No. 80/836/
Euratom and this responsibility shall extend to all areas of the hospital where radiation is used. The
Committee shall report to the hospital authority and should operate through the administrative Heads
of each department using radiation. It shall be advised by the Radiation Protection Adviser.
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The Committee should consist where appropriate of the following persons:

(1) The consultant radiologist in administrative charge of the Department of Radiology who would
normally act as chairman.

(2) The radiographer in charge.
(3) The Medical Officer.
(4) The Radiation Protection Adviser.
(5) The hospital administrator or secretary/manager.
(6) A representative of each department using radiation including the Department of Radiology.

8.12.3. Radiation Protection Adviser

The Radiation Protection Adviser shall be responsible for advising the Radiation Safety
Committee on all matters relating to radiation safety in the hospital. He shall work in close liaison with
the Heads of Department and the Departmental Safety Officers and be generally available for advice
and guidance on radiation protection matters. He should have suitable qualifications in physics, and
training and experience in radiation protection. In large hospitals ( health board and voluntary) he
should, normally, be a member of the staff in the hospital. In the case of the small health board
hospitals, it would be appropriate that a suitably qualified person from the board's staff be assigned
responsibility. Where a health board or a voluntary hospital has not a suitably qualified person
available on its staff, advice will be available through the Radiation Advisory Committee. The
Radiation Protection Adviser shall in particular:

prepare and submit to the Radiation Safety Committee such radiation protection procedures
as may be necessary for the hospital.
examine the implementation or radiation protection procedures in the hospital.
recommend to the Radiation Safety Committee and the Head of the Department concerned any
changes in radiation protection procedures considered desirable.
undertake in consultation with Heads of Departments routine reviews of that Departments
radiation protection procedures including personnel monitoring, examination, testing and
calibration of protection devices and monitoring instruments and radiation dose rate and
contamination surveys.
carry out a safety assessment of any proposed new equipment or practice involving radiation.
investigate and report to the Radiation Safety Committee and the Head of the Department
concerned any accidents, incidents, or other abnormal situations involving radiation.

8.12.4. Departmental radiation safety officers

Departmental Radiation Safety Officers should be members of the staff of the department
concerned and have suitable training in radiation protection. A Safety Officer shall be responsible to
the Head of Department for, in particular:

Ensuring that radiation protection procedures are implemented in the Department.
Supervising individual dose assessment of persons subject to monitoring.
Reporting to the Head of Department and the Radiation Protection Adviser any incidents,
accidents, or other abnormal situations involving radiation.

8.12.5. Medical officer

The Medical Officer shall be responsible for the medical surveillance of classified radiation
workers in the hospital and of any persons requiring medical surveillance as a result of an over-
exposure to radiation. His capacity to act in this regard shall be recognized by the Minister for Health
and, where possible, he should not normally be a member of the staff of the hospital. He shall in
particular:
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Undertake pre-employment medical examinations and reviews of health of classified radiation
workers.
Shall classify radiation workers with regard to their fitness for work.
Maintain a medical record for each classified worker.
Undertake special medical examination in the event of a dose limit being exceeded and
recommend subsequent conditions of exposure to radiation.

MODEL CHARTER

Charge

The Committee shall:

(1) Ensure that licensed material will be used safely. This includes review as necessary of training
programmes, equipment, facility, supplies, and procedures.

(2) Ensure that licensed material is used in compliance with NRC regulations and the institutional
license.

(3) Ensure that the use of licensed material is consistent with the ALARA philosophy and
programme.

(4) Establish a table of investigational levels for individual occupational radiation exposures and
(5) Identify programme problems and solutions.

Responsibilities

The Committee shall:

(1) Be familiar with all pertinent competent authority regulations, the license application, the
license, and amendments.

(2) Review the training and experience of the proposed authorized users, the Radiation Protection
Officer (RPO), and the teletherapy physicist to determine that their qualifications are sufficient
to enable the individuals to perform their duties safely and are in accordance with the
regulations and the license.

(3) Review on the basis of safety and approve or deny, consistent with the limitations of the
regulations, the license, and the ALARA philosophy, all requests for authorization to use
radioactive material within the institution.

(4) Prescribe special conditions that will be required during a proposed method of use of
radioactive material such as requirements for bioassays physical examinations of users, and
special monitoring procedures.

(5) Review quarterly the RPO's summary report of the occupational radiation exposure records
of all personnel giving attention to individuals or groups of workers whose occupational
exposure appears excessive.

(6) Establish a programme to ensure that all persons whose duties may require them to work in
or frequent areas where radioactive materials are used (e.g., nursing, security, housekeeping,
physical plant) are appropriately instructed as required in the regulations.

(7) Review at least annually the RPO's summary report of the entire radiation safety programme
to determine that all activities are being conducted safely, in accordance with the regulations
and the conditions of the license, and consistent with the ALARA programme and philosophy.
The review must include an examination of records, reports from the RPO, results of
competent authority inspections, written safety procedures, and the adequacy of the
management control system.

(8) Recommend remedial action to correct any deficiencies identified in the radiation safety
programme.
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(9) Maintain written minutes of all Committee meetings, including members in attendance and
members absent, discussions, actions, recommendations, decisions, and numerical results of
all votes taken; and

(10) Ensure that the byproduct material license is amended if required prior any changes in
facilities, equipment, policies, procedures, and personal.

Administrative information

The Committee shall meet as often as necessary to conduct its business but not less than once
in each calendar quarter.

Membership must include one authorized user for each type of use authorized by the license,
the RPO, a representative of the nursing service, and a representative of management who is neither
an authorized user nor an RPO. Management may appoint alternate members to participate in meetings
in the case of absence of principal members and should consider appointing as adjunct members
representatives from security, physical plant housekeeping, and other departments. (Adjunct members
should abstain from balloting on radiation safety technical questions such as items 2-5 in the
"Responsibilities" section above).

To establish a quorum, one-half of the Committee's membership, including the RPO and the
management representative, must be present.

To the extent that they do not interfere with the mission of the Committee, management may
assign other responsibilities such as X ray radiation safety, quality assurance oversight, and research
project review and approval.

8.13. DISPOSAL OF RADIOACTIVE WASTE GENERATED IN MEDICAL INSTITUTIONS

The following types of radioactive waste may occur in medical practice:

(a) sealed and other solid sources;

(b) spent radionuclide generators;
(c) excreta from patients treated or tested with unsealed radionuclides;
(d) unwanted solutions of radionuclides intended for diagnostic or therapeutic use;
(e) low-level liquid waste, e.g., from washing of apparatus;
(f) liquids immiscible with water, such as liquid scintillation-counting residues or

contaminated pump oil;
(g) low-level solid waste, e.g., paper, glass, syringes, vials;
(h) waste from spills and decontamination and gases.

Radioactive waste, except for some minor activities which are exempt( see competent authority
regulations), may be disposed of or accumulated only in accordance with the conditions specified in
the competent authority regulations. The conditions will include specification of:

(a) the method of disposal which may be permitted;
(b) the maximum activities and activity concentrations of the waste which may be

disposed of in a particular period;
(c) the containment of the waste while awaiting disposal;
(d) the maximum time for which waste may be kept; and
(e) the records which should be kept.

The employer should ensure that an authorization is obtained, that its conditions are observed
by means of local rules and that the rules are being followed.
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MODEL DELEGATION OF AUTHORITY

Memo To: All Employees
From: Chief Executive Officer
Subject: Delegation of Authority

has been appointed Radiation Protection Officer (RPO) and is
responsible for ensuring the safe use of radiation. The Radiation Protection Officer is responsible for:

managing the radiation safety programme;
identifying radiation safety problems;
initiating, recommending, or providing corrective actions;
verifying implementation of corrective actions; and
ensuring compliance with regulations.

The Radiation Protection Officer is hereby delegated the authority necessary to meet those
responsibilities.

The Radiation Protection Officer is also responsible for assisting the Radiation Safety
Committee in the performance of its duties and serving as its secretary.

Model Programme for Maintaining Occupational Radiation Exposure at Medical Institutions
ALARA

ALARA PROGRAMME

(Licensee's Name)

(Place/medical facility/Date)

Management Commitment

We, the management of this (medical facility, hospital, etc) are committed to the programme
described herein for keeping individual and collective doses as low as is reasonably achievable *
ALARA *. In accord with this commitment, we hereby describe an administrative organization for
radiation safety and will develop the necessary written policy, procedures, and instructions to foster
the ALARA concept within our institution. The organization will include Radiation Safety Committee
(RSC) and a Radiation Officer (RPO).
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All disposal should be in accordance with local rules and carried out with the knowledge of
the RPO. A record of the disposal should be made to satisfy the requirements of the authorization.

8.13.1. Guidance on disposal of radioactive waste

Low-level radioactive waste is best disposed of by:

(a) local authority refuse services for solid waste;
(b) sewers for aqueous liquid waste; and
(c) emission to atmosphere for gaseous waste.

Incineration is also an acceptable method of disposal under certain conditions (see Section
12.2.3).

Waste which is unsuitable for local disposal may be returned to the manufacturer or supplier
(particularly for solid sources); buried under control on an approved tip; sent to the National Disposal
Service.

If the waste contains radionuclides of short half-life, its activity can be reduced naturally by
storage for a suitable period. The decision to store short half-life waste will depend on any biological
or fire hazard and any authorization for accumulation, or any exemption which might apply.

A decision should be taken in advance about the method to be adopted for the disposal of any
radioactive waste. Once it is recognized that a radioactive substance is waste, it should be disposed
of forthwith.

Waste solid sources, for example, cut lengths of l92Ir wire should be clearly labelled as
radioactive.

Excreta from hospital patients containing unsealed radioactive substances should normally be
disposed of to the sewer. Toilets should be allocated for the use of patients who have received
activities of radionuclides in excess of those in column 4 of Table 8.11, and contamination levels
should be checked periodically. The drains serving these toilets should be regarded as drains from a
radioactive laboratory and should be easily identified; if repairs are necessary, they should be done
under the supervision of the RPO. Measurements of radiation levels should be made as the drain is
opened up and appropriate precautions taken.

If large activities, for example, therapy doses of m I , are left over or unused and if the
solutions are in a readily manageable form and of sufficiently short haiflife to render storage for decay
convenient, then they should be stored until their activity permits disposal to the sewer, provided that
this is in accordance with any conditions applied by the National Competent Authority.

Liquid waste of low activity arising from the dispensing and making up of solutions for
hospital use, or from the washing of apparatus, should be disposed of immediately to the sewer.
Liquids which are immiscible with water, such as scintillation counting residues, should not be
disposed of in this manner; alternative methods of disposal, such as incineration, should be used.
Contaminated oil should be placed in marked drums and disposed of by a specialized service.

Solid waste, such as contaminated paper tissues, swabs, glassware, and similar materials, where
the activity does not exceed 37 kBq per article, may be disposed of with an appropriate volume of
ordinary refuse.

Disposable hypodermic syringes should be emptied at a place designated for the disposal of
liquid waste and then stored to allow decay of any residual activity; normal arrangements for disposal
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of syringes and needles may then be used. Syringes contaminated with long-lived radionuclides should
be stored if convenient or disposed of immediately as radioactive waste.

Combustible waste contaminated with radionuclides other than90Sr or alpha emitters can be
burned as ordinary refuse in an incinerator. Incineration is particularly useful for disposal of low-level
radioactive waste, which might give rise to a biological hazard. Care should be exercised when
disposing of non-volatile radionuclides in this way since they will concentrate in the ash and disposal
of this is normally effected through the dust bin route to which activity limits apply.

Radioactive waste resulting from the cleaning-up operations after a spill or other accident
should be retained in suitable containers, unless it is clear that the activity is low enough to permit
immediate disposal, if this is consistent with the safety of the staff involved and the urgency of the
decontamination measures. If excessive activity enters the drains accidentally a large volume of water
should be allowed to flow to provide dilution to 1000 Bq I"1.

The competent authority should be noticed immediately by phone if radioactive waste in
excess of the amounts regulated had been discharged to sewers, atmosphere or the general
environment.

Radioactive gases, such as l33Xe used in diagnostic tests, can be discharged normally through
a nearby window. In general, all gaseous wastes including exhausts from stores and fume cupboards
and emissions from incinerators, should be discharged in such a manner as to prevent re-entry into any
part of the premises. It is important therefore that the points of release to the atmosphere should be
carefully sited. Radiation and contamination levels near discharge points should be checked
periodically, e.g., by the RPO of the relevant department. It is sometimes useful to extract the
radioactive gas using a laboratory water-suction pump, the dissolved radioactive gas being discharged
to an authorized sewer.

Spent radionuclide generators should be returned to the manufacturer for disposal: if this
cannot be arranged they should be disposed of through the National Disposal Service.

All radioactive waste awaiting disposal, or stored to allow decay, should be kept in suitable
containers which prevent any dispersion of the contents. Containers of other than low level waste for
disposal by the Local Authority (i.e., dust bins) should be clearly labelled to show the radionuclide(s)
and activity on a given date; they should be marked 'radioactive waste' and should carry the radiation
symbol. Materials stored prior to disposal via the National Disposal Service should be packed so that
they can be transferred without producing further hazard or contamination of the ultimate disposal
container.

Containers of radioactive waste should be stored in accordance with the advice given in
Chapter 14, either in a specifically marked area in a general store for radioactive substances or in a
store reserved for radioactive waste. The storage record should be endorsed specifically to indicate the
items which are 'radioactive waste'.

Empty containers which have been used for radioactive substances may, if uncontaminated,
be disposed of freely, but all labels and marks which indicate radioactivity should be removed or
obliterated.
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9. SAFETY IN INDUSTRIAL USES

9.1. SAFETY IN INDUSTRIAL RADIOGRAPHY

The proper design of equipment makes an important contribution to the overall safety of site
radiography operations, and recommendations for various types of equipment are given in the following
paragraphs. It is essential that radiographers are able to recognize the symptoms of malfunction.

All equipment should be maintained in good, clean, working order, and be checked in accordance
with the recommendations here. Sealed-source equipment should be examined at least annually by the
manufacturer or his agent, and where necessary overhauled, and certified as being in good operating
condition.

All X ray machines should be provided with a key switch on the control panel to prevent
unauthorized use. For gamma-ray sources, the system should include control of the container key. Keys
should be held in the custody of authorized persons or otherwise securely stored when not in use.

9.1.1. X ray equipment

Cable lengths. Much can be done to minimize the radiation doses received by radiographers by
placing the control panel as far as possible from the X ray tube head. Cable length, millamperage and use
are also important factors in reducing dose. Lengths of cable should normally be not less than 20 meters
for X ray generators up to 300 kV and longer for more powerful equipment. Cables should be laid out
as straight as possible to maximize the benefit from distance. Control cables to warning signal devices
should be equal or greater in length than tube head cables.

Collimation. Collimators should be provided to reduce the useful beam to the minimum size
necessary for the work. This is an important means of reducing the radiation dose.

Filtration. Dose rates in the vicinity of the X ray set can be reduced by the addition of suitable
filtration. This absorbs low energy radiation which otherwise increases scatter but does not significantly
penetrate for example steel to affect the radiograph. In many cases 'hardened' radiation provides more
flexibility for radiography of different thicknesses of metal.

Warning signals. Adequate warning should be given to all persons in the vicinity immediately
prior to and during a radiography exposure. There should be a clear distinction between the warning that
the set is about to be energized and the operational warning signal. For X ray equipment the warning
signals should operate automatically. It is important to ensure that the length of cable supplied with the
warning signal is sufficient so that the warning signals can be placed to operate at or near to the X ray
tube head and repeated if necessary at the position near the radiographic film. They should be repeated
at the control panel, and preferably be clearly recognizable at the boundary of the temporary enclosure.

The warning signals should be interlocked with the X ray machine so that the X ray tube cannot
be energized unless the signals are properly connected.

Work should cease if the signals are not operating correctly. Interlock defeat switches should not
be fitted. It is recommended that a nonlatching device be provided to enable the warning signals to be
tested while the X ray tube remains de-energized.

Electrical safety. Although electrical safety is not directly relevant to radiation protection some
faults in X ray equipment have lead to serious incidents. It is therefore essential that all X ray equipment
conforms to IEE wiring requirements, and, in particular, that equipment which requires earthing is
correctly connected to earth.
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All metallic enclosures, including interconnecting flexible braided cables, the power supply unit
(transformer/generator), X ray control equipment tubehead, warning signal device and the workpiece,
should be bonded together. The bonding connection should be connected to earth by means of a bolt-on
connection. In addition, because of the arduous nature of site radiography, supplementary measures should
be taken which include either:

(a) Ensuring that the three-phase electricity supply generator/transformer star point or in the case of
single phase generator-1 pole, is bonded to the frame or earth while all other connected apparatus
remains well insulated; or

(b) Providing a residual current device (RCD) with a nominal tripping current of 30 mA connected
between the generator/transformer and the X ray set control equipment. The RCD should
preferably be mounted on a separate enclosure adjacent to the generator or on the transformer unit.
It may be mounted on the generator if an adequate anti-vibration resilient mounting is provided.
The RCD should be arranged to trip all power from the generator/transformer, and a test button
should be provided; or

(c) Checking that the generator winding and all connected apparatus is well insulated and not
referenced to earth. Regular inspection and testing should be carried out by a competent person.

9.1.2. Gamma ray Equipment

Emergency equipment. Additional equipment should be available for use to deal with
emergencies such as detached sources, jammed sources and damaged containers. The operation of these
should be set out in the contingency arrangements.

Radiography Sources. A sealed source for radiography consists of a small, sealed, metal capsule
inside which the radioactive substance is completely contained.lt radiates continuously in all directions.
The source should be held in a source holder, housed in a specially-designed container and exposed only
to the extent that is necessary to produce a satisfactory radiograph. Radiographers should be shown
dummy sources of the normal types used so that they can recognize real ones in an emergency. Typical
sources and applications are shown in Table 9.1.

TABLE 9.1. TYPICAL RADIATION SOURCES FOR INDUSTRIAL RADIOGRAPHY

X rays

Gamma ray sources

typical
up to

Material

Steel

Light alloy

Others

up to 8 MV

Co-60

100 GBq
100 TBq

50-150 mm

150-450 mm

40-120 gem 2

140-300 kVp

Ir-192
few tens of GBq
to 1 TBq
10 TBq

Optimum working thickness

10-60 mm

40-190 mm

10-50 g cm2

60-140 kVp

Tm-170

1 TBq

2.5-12.5 mm

7.5-37 mm

2-10 g cm"2

Typical uses of non-destructive testing (NDT) include inspection of:

welded joints (pipes, boilers, storage tanks, processing plants, etc.)
castings (valves, engine components, etc.)
type structure (often with the aid of fluoroscopy and image intensification)
baggage and parcels (increasingly by the use of tomographic X ray techniques with image
retention and enhancement systems).
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Figure 9.1 shows the basic principles of NDT.

Leak testing should be done by a person who has been specially trained, or by a specialist
organization.The time interval between tests is different for various competent authorities (i.e.: United
Kingdom: 26 months, USA: 6 months). Frequent tests should be carried out if environmental conditions,
an accident or rough use are likely to lead to damage.

Exposure devices. Exposure devices should comply with the requirements of ISO 3999. Devices
which do not comply with this standard may be used provided that the protection to people is equivalent
or better.

ISO 3999 refers to apparatus for gamma radiography sources which may be deemed to comply
with competent authority regulations for the Carriage of Radioactive Materials by Road. (Note: ISO 3999
does not apply itself to the dose which the radiographer will get when the container is used.)

Samplt
Film

Image
of flaw

FIG. 9.1. Non-destructive testing.

Types of exposure devices. The containers available commercially fall into three classes:

(a) A shutter-type container consists of a block of shielding material at the center of which the source
is located; an example is shown in Figure 9.2. A portion of the shielding can be removed or
rotated to expose the source, thus acting as a shutter. The solid angle of the useful beam is not
usually more than 60 degrees. Therefore this type of container offers a convenient method of
limiting the useful beam. Additional collimation may be required to limit the useful beam to the
minimum size necessary for radiography.Due to the weight of shielding, this type is only
practicable for use on site with relatively low energy or small activity sources.

(b) A projection-type container consists of a block of shielding material with an internal tube so that
the source when not in use is shielded within the container. The principle of the simplest S-type
is shown in Figure 9.4. There are others where a type of shutter is provided to enable the source
to be exposed (Figure 9.3).

The source is exposed when projected out of the container along an external guide tube either by
a flexible wire cable or pneumatically.In either case the radiographer can be at a considerable distance
from both the source and the container throughout the exposure.

The end of the guide tube should be placed in a collimator; this serves the double purpose of
locating the source in the desired position, and limiting the beam to the minimum size necessary for the
work.

Note: With all types of projection container a dose-rate meter must be used to ensure that the
source has been shielded safely after exposure.
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Plugs shielding
source loading
channel

Reusable shielded
source holder

Shielding block

Manual override

Gear assembly

Exposure window

Motor drive

Rotating shield

FIG. 9.2. Directional beam shutter type exposure container.

Optional extra
shielding ring

Back shielded
reusable source holder

Connection for
control cable

Ball joint

Shielding block

Shatter lever

Carrying handle interlock

Guide tube interlock

Front shielding plug
in closed position

Source in shielded position

FIG. 9.3. Projection shutter type exposure container.

(c) Use of manual extraction source exposure containers is not recommended. Experience has shown
that the doses received by operators for the same work load can be significantly higher than those
received by the operators of types (a) and (b) above.

Some special need is therefore required in order to justify their use, and this would be a matter
for consultation with the RPO.

Choice of exposure devices. The following factors need to be taken into account when choosing
a device for a particular job:

(a) The dose likely during exposure;
(b) Dose rates when not in use;
(c) Frequency and duration of exposures;
(d) Type and activity of the source;
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(e) Weight, size and portability;
(f) Accessibility of the working position;
(g) Robustness;
(h) Means of securing the equipment during exposure;
(i) Emergency requirements.

Uranium shield

S-tube

Removable
shipping plug

Lock assembly

Removable
storage cover

Source assembly connector

-Shipping plug assembly -Radioactive source - Source assembly

FIG. 9.4. S-bend projection type container.

Selection of source. For a given job the source activity and energy of the source should be
selected to give reasonable exposure times compatible with acceptable doses. In selecting a source it is
important that a clear picture of the conditions to be met on site is obtained in advance of the work by
a visit to site. The following information should be considered when selecting a source:

(a) High activity sources
can achieve:

(b) Low activity sources:

(c) Low energy sources:

- a large number of exposures in a given time; but,
- a large controlled area has to be set up;
- they produce high dose rates; and
- present acute problems in an emergency.

- require small controlled areas and are more easily managed;
- produces few exposures in a given time.

- such as Ytterbium 169 require much smaller controlled areas and
suitable for radiography of small-bore or thin-wall pipework.

are
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Locks. The exposure container should be provided with an integral lock. The lock should be
either of the safety type, i.e. lockable without a key, or an integral lock from which the key cannot be
withdrawn while the container is in the working position. The lock should retain the source in the secured
position and should not,if the lock is damaged, prevent the source when it is in the working position, from
being returned to the secured position. Containers should never be stored or transported with the keys in
the locks.

It is recommended that containers be stored in a locked condition. The keys for the containers
should be kept securely in a place separate from the store, and only made available to persons authorized
in writing, and a record kept of the issue and return of keys.

Shielding. The standard of shielding to be provided in source exposure containers is typically
depleted uranium. The dose rates which may arise at or near the container are relatively high when
considered against the dose rates at the barrier which is required for a controlled area. These relatively
high dose rates are a compromise between providing radiation protection and making the container
conveniently portable for use on site. Except where the source is being transported, the dose-rate contour
around the container requires the provision of a controlled area. Care should be taken whenever exposure
containers are handled because the dose rate on the surface can be considerably higher than 7.5 u,Sv h"1

(0.75 mrem h"1).

Transfer of sources between containers. If a source needs to be moved into a different
container this should be done in one of the following two ways either by sending the source container to
the source supplier or by using specially designed transfer equipment within a controlled area.

Where these methods cannot be adopted, the transfer should be carried out in accordance with a
written system of work approved by the RPO. This scheme should include at least:

(a) Rehearsal using a dummy source.
(b) A flat and smooth working surface with a surround capable of capturing the source if it rolls to

the edge of the surface.
(c) Local shielding, long-reach tongs and mirrors which reduce doses received during the operation.

Only in very exceptional circumstances should this operation be carried out.

9.1.3. Pipeline crawler equipment

These machines have been developed especially for the radiography of pipelines and carry either
an X ray machine or a gamma radiography exposure container on a carriage which under control crawls
along the inside of the pipe. They may be powered by batteries on the carriage, by means of trailing cable
from an electricity supply at the end of the pipeline or by an internal-combustion engine. The units are
equipped with a means for starting and stopping. Positioning at a weld for radiography may be
accomplished using detectors on the crawler which respond to radiation from a small gamma-ray control
source placed on the outside of the pipe. Pipeline crawlers can be very useful in reducing to a minimum
the radiation doses received by radiographers and others. All the requirements for X ray and gamma-ray
equipment specified in Sections 9.1.1.1 and 9.1.1.2 apply also to crawler machines. The following
additional features are important.

Because pipeline crawlers, when in use, are not visible within the pipe, it is essential that suitable
warning signals are given.

(a) Warning signals. The warning signals for X ray machines should operate automatically; it is
recommended that gamma-ray machines should also conform to this standard, where practicable.
Warning signals should be capable of alerting persons in the vicinity of the crawler, whatever
other distractions there might be.
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Signals that operate automatically should be linked directly in some way with the operation of the
machine. In most cases, the persons in the vicinity will be outside the pipe, and therefore if the
warning signals are to emanate from the machine, they must be transmitted through the pipe wall.
One effective method of warning is an audible signal. It is one of the easiest to install. However,
the major disadvantages are the attenuation caused by transmission through the pipe wall and
identification of the position of the noise within the pipe. It has been shown that a klaxon attached
to the crawler can be heard outside the pipe in quiet conditions but it may not be effective in the
neighborhood of other noisy machinery. This means that a crawler fitted only with an audible
warning device should not be operated close to other plant, unless the other plant can be shut
down while the crawler passes through that section of the pipeline.

Supplementary signals should be provided outside the pipe. It is relatively easy to provide these.
It is more difficult to arrange for them to operate automatically, by which is meant that they are
linked in some way with the crawler without action by the radiographer. Most pipeline crawlers
in use at the present time are controlled by means of a small gamma-ray source external to the
pipe. If this is built-in to the warning signal system, so that the two cannot be separated, and the
crawler cannot be made to produce X rays without it, the warnings are effectively operated
automatically.

Other ways to achieve this association between the crawler and the external warning system may
be used. For example: an external radiation-activated warning system located on top of the pipe.

The external supplementary system should be considered in the following context:

(i) In noisy conditions a visual signal should be provided which may be augmented by an
external audible signal.

(ii) By use of a pre-set dose-rate threshold the external warning unit will provide an indication
that the crawler equipment is or is not performing the exposure at the selected weld.

(iii) The need to identify the position of the hazard in the pipe. A dose-rate meter should be
used to ensure that the set is switched off after exposure. Additionally, personal alarms
should be given to the operators.

(b) Useful beams. The useful beam should be restricted so that its width does not exceed 120 mm
at the circumference of the pipe.

(c) Breakdown recovery. In the event of a crawler machine breaking down inside a pipeline, it may
be necessary for an operator to go along the pipe to attend to it. In these circumstances, it is of
the utmost importance that the machine is not emitting radiation when the operator approaches
it. If the crawler is powered by an internal combustion engine the atmosphere will contain toxic
gases, and welding fumes. Precautions should be taken to ensure that the atmosphere inside the
pipe is safe before entry; alternatively, approved breathing apparatus should be worn.

(d) Other design features. All associated isotopes should be provided with storage containers.
Except during all exposure, the sum of the dose rates from the radiographic source (if any), the
tell-tale isotopes and the control isotopes should not exceed 100 u.Sv h"1 (10 mrem h"1) on the
accessible surface of the pipe during use. During temporary interruption of use the apparatus
should be so cordoned off and supervised to prevent access to the sources.The control sequence
should be designed so that unintended exposures are prevented.

9.1.4. Safety in design and testing of radiography equipment

This section provides a description of gamma radiographic equipment its operation and
maintenance. The principal components of a gamma radiography system are the radioactive source
assembly the radiographic exposure device and the control unit.
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Source assembly. The radioactive material used as the source of radiation in a gamma
radiography system is encased in a source capsule. The source capsule is fabricated from stainless steel
and is welded to form a hermetic seal. This is the principal containment for the radioactive material. The
source capsule integrity prevents the dispersion of radioactive contamination.

The source capsule must maintain its integrity and leak tightness when subjected to certain test
conditions in order to be approved by the competent authority for transportation or use as an industrial
radiography source. These test conditions are specified by the International Organization for
Standardization, the American National Standards Institute and the International Atomic Energy Agency.
Summaries of these test conditions are presented in Table 9.2 and 9.3.

TABLE 9.2. SUMMARY OF TESTS FOR SOURCE CAPSULES AS SPECIFIED BY AMERICAN NATIONAL
STANDARDS INSTITUTE (ANSI N542) AND INTERNATIONAL ORGANIZATION FOR STANDARDIZATION
(ISO 2919) CLASSIFICATION C43515

Temperature:
(Class 4)

External Pressure:
(Class 3)

Impact:
(Class 5)

Vibration:
(Class 1)

Puncture:
(Class 5)

The source capsule must be subjected to a thermal environment of 400°C for one hour
and a thermal environmental of -40°C for twenty minutes. Additionally, the source
capsule must be subjected to a thermal shock from 400°C to 20°C.

The source capsule must be subjected to a reduced pressure of 25 kN/m2 (3.6 psi, 0.25
atm). The source capsule must be subjected to an external pressure of 2 iMN/m2 (290
psi, 20 atm).

The source capsule must be subjected to the impact of a 5 kg steel hammer falling
freely from a height of one meter.

No test.

The source capsule must be subjected to the impact of a pin rigidly attached to a
hammer with a mass of 300 g freely falling from a height of one meter.

TABLE 9.3. SUMMARY OF TESTS FOR SPECIAL FORM RADIOACTIVE MATERIAL AS SPECIFIED BY THE
INTERNATIONAL ATOMIC ENERGY AGENCY

Free Drop:

Percussion:

Heating:

Immersion:

The source capsule must be subjected to a free drop through a distance of nine meters onto a flat,
essentially unyielding surface.

The source capsule must be subjected to the impact of the flat circular end of a 25 mm diameter
steel rod with a mass of 1.4 kg dropped through a distance of one meter.

The source capsule must be subjected to a thermal environment of800°C for 10 minutes.

The source capsule must be immersed in water at 20°C with a pH between 7.0 and 8.0 and a
maximum conductivity of 10 micromho-cm for 24 hours.

The source capsule is generally attached to a source holder assembly (or source pigtail assembly).
The source holder assembly generally includes a source connector. The source connector allows coupling
and removal of the control unit to the source holder assembly.

The US Nuclear Regulatory Commission (USNRC) has published specifications for source holder
assemblies which include requirements that the connection of the source capsule and source connector to
the source holder withstand a tensile load of 200 pounds and that the source connector must be designed
to prevent other than deliberate disconnection of the driving cable from the source holder assembly. A
number of emergency situations have occurred as a result of the source holder assembly becoming
unintentionally disconnected from the driving cable. Some of these emergency situations have resulted in
radiation overexposures. Two such situations are described in Section 9.1.5. Regulatory authorities have
attributed a principal cause of these accidents to the design of the source connector. As a result the use
of certain types of source connectors has been prohibited.
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The USNRC requires that sealed sources used in industrial radiography be tested for leakage at
intervals not exceeding six months. The purpose of this requirement is to periodically assure that the
integrity of the source capsule is maintained and that no significant amount of radioactive contamination
is emerging from the capsule. For the leak test to be satisfactory it must reveal less than 0.005 microcurie
of removable radioactive contamination. An acceptable leak test is to wipe the nearest accessible point to
the source capsule storage position in an exposure device with a moistened cloth (or gun patch). This cloth
is then analyzed to determine the presence of any radioactive contamination. Most equipment
manufacturers have specially designed kits to perform this wipe test and provide analysis services to
radiography users. Records of these leak tests must be maintained.

Radiographic exposure devices. Radiographic exposure devices are designed to house and secure
the radioactive source and source holder assembly, provide appropriate shielding around the source and
provide a means for manipulating the source holder assembly from a shielded position to an exposing
position and back. There are two general categories of radiographic exposure devices: directional exposure
devices and panoramic exposure devices.

Directional exposure devices are devices in which the sealed source is moved from its shielded
storage position to a point at which the radiation from the source can emerge in a limited direction. In the
exposing position, the source is located in a built-in collimator or beam limiter. In a directional exposure
device, the source never leaves the device. The principal advantage of a directional exposure device is that
the size and shape of the radiation beam is limited, thereby reducing the size of the restricted area and
minimizing operator exposure. Its principal disadvantage is that because of the limited beam size and
shape, it cannot be used to perform certain radiographic techniques. Most directional exposure devices are
operated by remote control units. However, some directional devices are equipped with local controls
where the operator stands at the exposure device while exposing the source. The radiation exposure of the
operator is generally higher when using local controls due to scattered radiation intensities in the vicinity
of the exposure device, the use of local controls is not recommended.

Radiographic exposure devices must withstand certain tests in order to be approved for use by the
competent authority. These tests are specified by the International Organization for Standardization and
the American National Standards Institute, and are summarized in Table 9-4.

Additionally, if the exposure device is used as a transport package, it must withstand the test
conditions for Type A and Type B packages specified by the International Atomic Energy Agency. These
tests are summarized in Tables 9.5 and 9.6.

The USNRC has also published some additional specifications for radiographic exposure devices.
The device must have a lock which is not easily removable with readily available tools. It must not be
possible to unlock the device with any easily available substitute for the key. The lock must secure the
source in a shielded position. The lock must not prevent the return of the source to a shielded position.
It must not be possible to operate the lock unless the source is in the fully shielded position. It must not
be possible to remove the source holder through the rear of the exposure device even when the device is
unlocked. It must not be possible to expose the source unless the source holder has been properly
connected to the driving cable. A reliable, positive source position indicator must be provided. The source
position indicator must be of a fail-safe type.

Control units. The control unit is the device which is used to move the radioactive source from
its shielded storage position inside the exposure device to an exposing position and back. Most panoramic
exposure devices use a driving cable to push the source holder out of the exposure device and pull it back.
The driving cable is moved by means of a crank. The driving cable is housed inside a conduit to provide
protection and rigidity to the driving cable. Most drive cables are equipped with a cable stop to prevent
driving the cable beyond the crank and losing control of the source. Directional exposure devices can be
operated with a driving cable but pneumatic control systems are also widely used.
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TABLE 9.4. SUMMARY OF TESTS FOR RADIOGRAPHIC EXPOSURE DEVICES AS SPECIFIED BY THE
AMERICAN NATIONAL STANDARDS INSTITUTE (ANSI N432) AND THE INTERNATIONAL ORGANIZATION
FOR STANDARDIZATION (ISO 3999)

Shielding efficiency:

Vibration:

Horizontal shock:

Vertical shock:

Endurance:

Kinking:

Crushing:

Tensile:

The radiation levels from a portable exposure device shall not exceed 200 mR/h at the
surface of 50 mR/h at 50 mm from the surface and shall not exceed 2 mR/h at one
meter from the surface of the device.

The device must withstand vibration at its main inherent frequency for eight hours with
a maximum acceleration equal to 9.8 m/s2.

The device must withstand the horizontal impact onto a 50 mm diameter target by
swinging in a pendulum fashion from a height of 100 mm. This test must be performed
20 times.

The device must withstand a free fall from a height of 150 mm onto a flat rigid target.
This test must be performed 100 times.

The device must withstand 50 000 complete operation cycles.

The control housing must be pulled straight from a one meter diameter loop without
allowing the housing to rotate. This test must be performed 100 times.

The control housing must withstand the impact of a steel punch with a mass of 15 kg
dropped from the height of 300 mm. This test must be performed 10 times.

Fittings attached to the control housing must withstand a tensile load of 500 N (112
pounds) repeated 10 times. The drive cable connector must withstand a tensile load of
1000 N (224 pounds) repeated 10 times.

TABLE 9.5. SUMMARY OF TESTS FOR TYPE A RADIOACTIVE MATERIAL PACKAGES

Heat:

Cold:

Pressure:

Water spray:

Free drop:

Penetration:

Compression:

The device shall withstand a thermal environment of 54°C in still air and direct
sunlight.

The device shall withstand an environment of 40°C in still air and shade.

The device shall withstand a reduced pressure of 50 kN/m2 (0.5 atm).

The device shall withstand a waterspray sufficient to keep the entire exposed surface of
the device continuously wet for a period of thirty minutes.

The device shall withstand a free drop from a height of 1.2 meters onto a flat
essentially unyielding surface.

The device shall withstand the impact of the hemispherical end of a vertical steel
cylinder with a diameter of 32 mm and a mass of 6 kg dropped from a height of one
meter.

The device must withstand a compressive load equal to five times the weight of the
device applied to the top and bottom of the device for a period 24 hours.

TABLE 9.6. SUMMARY OF TESTS FOR TYPE B RADIOACTIVE MATERIAL PACKAGES

Free drop:

Puncture:

Thermal:

Water Immersion:

The device must withstand a free fall from a height of nine meters onto a flat,
essentially unyielding surface.

The device must withstand a free drop from a height of one meter onto a steel anvil
with a diameter of 150 mm and a length of 200 mm.

The device must withstand a thermal environment of 800°C for thirty minutes.

The device must withstand immersion under at least 15 meters of water for eight hours.
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Most control units are designed to be manually operated. However, automated control systems are
also available. These automated systems are used principally in permanent radiographic facilities. In
addition to automatically exposing and retracting the source, the exposure time can be preprogrammed.
They can also be interlocked with the radiographic facility to provide certain safety features such as
preventing exposure of the source if the door to the facility is open, preventing access to the facility if
the source is exposed and automatically retracting the source if the security of the facility has been
breached.

Most control units provide an odometer or other position indicator to provide an indication of the
location of the source. Although these devices provide useful information, they are only accurate when
the source capsule and source holder are properly connected to the driving cable ore control unit. They
should not be relied upon as a positive, fail-safe indication of the source location.

Surveys made during radiographic operations should also be made during source changing. It is
imperative that the manufacturer's instructions for closing and packaging the source changer for
transportation be exactly followed.

Maintenance. In addition to inspecting the gamma radiography system daily for obvious defects
and damage, many competent authorities require a formal maintenance programme to be performed on
a quarterly basis. This same maintenance should also be performed after the equipment has been subjected
to harsh or dirty conditions.

It is important that all system components be kept clean. The most important part of a maintenance
programme is to use the equipment properly and keep it free from dirt. This will simplify the performance
of maintenance, help assure that the equipment will function safely and extend the equipment life.

The basic concept of the formal maintenance programme is to examine the equipment for damage
and excessive wear, clean the system components and relubricate the equipment. It is generally advisable
to transfer the source from the exposure device to an appropriate source changer prior to performing
maintenance. In this way, the exposure device can be safely disassembled.

Radiographic equipment manufacturers provide detailed maintenance instructions for their
equipment. These instructions should be closely followed. These instructions detail the method for
disassembly of the equipment, the items which should be closely checked for wear or damage, the proper
solvents for cleaning the equipment and the proper lubricants to use. Most equipment manufacturers make
available wear gauges for use with source connectors. It is important to use these gauges frequently and
properly. Never use equipment that is damaged or excessively worn as the safety features of the equipment
may be defeated. Use only manufacturer recommended replacement parts.Try to always keep the
equipment free from dirt. A properly conducted maintenance programme is vital to the safe operation of
radiographic equipment.

9.1.5. Radiation safety during industrial radiography

In order to meet the requirements of quality control and productivity site radiography has to be
carried out in a wide variety of work places under differing working conditions and both day and night.
Because of the nature of the radiation hazard and the problems created by the everchanging work
situations careful planning of the method of work is essential if unnecessary risks are to be avoided. At
least two classified persons should be employed on every job (i.e., for each source and X ray set in use).
One should be a radiographer experienced in the practical aspects of radiography and safety and the other
an assistant with sufficient knowledge to act in an emergency.

When planning a method of work the main objective should be to minimize exposure of those
involved. This can be achieved by the careful selection of an appropriate combination of the following:

(a) Location of controlled area.
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(b) Time of day of the operation (e.g., out of normal working hours).
(c) Exclusion of all non-radiographic personnel from controlled areas.
(d) Selecting the strength of source consistent with the requirements of the job.
(e) Duration of the exposure.
(f) Provision of shielding (both specific and local).
(g) Type of equipment (e.g., shutter-type containers versus remote-cable operation),
(h) Choice of film.
(i) Use of collimators.
(j) Position of the operator and other personnel.
(k) Safety features and warning devices.
(1) Consideration of possible back-scatter from the workpiece and surrounding air.
(m) Segregation of radiographic and nonradiographic work.
(n) Supervision of each source/set by a classified worker, except when in store.
(o) Film processing control (to avoid unnecessary retakes).

Limiting size of the useful beam. The useful beam should be limited to the minimum size
reasonable necessary for the work Collimators should be used in addition to local shielding and distance
protection. The useful beam should be taken to mean that part of the radiation which is necessary to create
the radiographic image on the film. It should be remembered that even if a person is outside the useful
beam he may receive a substantial dose due to backscatter of radiation from surrounding air and the article
being radiographed. Every source should be under the supervision of a classified worker at all times
except when it is locked away.

Reducing personal exposure. Provision of suitable collimators is necessary and in general
provision of shielding and distance protection.

Choice of radiographic method radiographic film and type of equipment can result in different
doses being received by operators. For example use of a shutter type container will give a higher dose to
the operator than a remote cable operated container for the same strength of source. This is because of
the operators distance from the source.

Due note should be taken of the existence of relatively high dose rates at or near the container
even in the closed condition and no one should remain in the vicinity of the container unnecessarily.

Storage of sealed sources on site. No special site storage facilities would be necessary if the
source is in constant use and is taken from site after use. If the source (in its container) has to be left
during breaks then it should be locked in the radiographer vehicle.

A proper storage area should be provided if a source has to be left over night. Preparation should
be made for this before sources are brought on to a site. The storage area should be clearly marked with
signs which conform to local regulations.

The storage area should only be used for the source container an depleted uranium collimators.
Cables, exposure tubes, collimators, shielding, handling tools, ropes and notices, should be stored
elsewhere.

A secure lock should be provided and arrangements made for the safe custody of keys to prevent
unauthorized access. If the store has been interfered with, a check of the sources should be carried out
immediately using a dose rate meter and the results compared with the source record kept in accordance
with the regulations.

Storage of X ray equipment on site. With X ray equipment no special storage facilities are
required other than protection against theft, weather and vandalism and unauthorized operation. A small
weatherproof lockable storeroom or cupboard should suffice.
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Dose rate meters. This section applies to dose rate meters and not to personal dosimeters. A
meter should be available for use with each source of ionizing radiation. An additional meter should be
provided for the use of the RPO where he is not also a radiographer. All meters should have a battery test
position and the battery state should always be checked prior to operation. It is essential to check the
condition of the batteries weekly to ensure that they are not swelling up or exuding electrolyte which is
corrosive; leak proof batteries should be used whenever they are available.

Some meters have the facility that the first switching position after 'battery check' is the highest
test range. On other types care should be taken to ensure that the instrument is initially set to the highest
range prior to use. If this sequence is not followed overloading may occur, which could cause faulty
readings - usually on the low side.

Dose rate meters are expensive and delicate instruments, and should be treated with care and
respect at all times. They should be kept in efficient working order and in good repair. In addition, every
meter is required to be tested periodically, and this should be arranged within 14 months of the previous
test and after every repair, in conjunction with a qualified person. The employer should arrange for a
replacement whilst this test is being carried out. Detailed requirements of the tests which are necessary
are not given here. These should be well known to the person or organization who carries them out.

On every occasion before use, a spot check should be made that the meter records the presence
of radiation (e.g. by placing it at a specific spot on the surface of a closed-source exposure container. The
check can be carried out using the radiation from the shielding in an empty container.) The meter should
be used to achieve the following objectives:

(a) To check initially that the safety barriers are positioned where the dose rate is not greater than 7.5
liSvh1 (0.75 mrem h1);

(b) To monitor on a routine basis the dose rate at the safety barriers, particularly when the
radiographic technique varies;

(c) To check that a source exposure container is fully closed after use or that a source is fully
retracted;

(d) To help locate a lost source; and
(e) To monitor working conditions to ensure that sufficient restriction of exposure is being achieved

in areas where radiation is present.

Movement of sealed sources on site. All unnecessary movement of sources should be avoided.
Sources should only be moved about site when they are locked correctly in their containers with the keys
removed. As the dose rates on the outside of the containers are sometimes fairly high the person moving
them should keep them well away from his body. The use of a vehicle or trolley for moving sources is
recommended. When it is done this way, the container should be secured in position.

Warning signals. In all cases adequate warning to all persons in the vicinity should be given by
light or audible signals or both:

(a) When a sealed source is about to be exposed or when an X ray machine is about to be energized;
and

(b) While a sealed source is exposed or an X ray machine is energized.

The signals given for the purposes of (a) should be distinguishable from those given for the
purposes of (b). In the case of X ray machines the means for giving warning should be integrated with
the control circuitry so that they operate automatically.

It is recommended that the equipment should be unable to function unless they are so connected.
Similar warning signals are required for gamma radiography.

181



These should be kept in good working order, with particular attention paid to the conditions of
the batteries where these are used. The signals should be positioned so that they are clearly visible/ audible
to all persons in the vicinity. Careful attention should be paid to the provision of warning signals so that
they are near the hazard and repeated if necessary at the position where the radiographic film is placed.

Special consideration of warning signals for high activity sealed sources (those giving a dose rate
of 10 mSv min1 at 1 m, e.g. 46 curies of Co-60, 124 curies of Ir-192, are required).

A combination of an audible pre-warning (e.g. a klaxon) with a visible warning (e g a flashing
light) is satisfactory for many situations but the adequacy of the warning signals depends on the
circumstances of the work - e.g. a klaxon may be virtually inaudible on a site where plant and machinery
are in use.

Barrier distances. Barriers should be erected before starting site radiography, not during an
exposure. It is essential to calculate the approximate safe distances required for the particular
circumstances (this detail should be included in local rules). It is then a simple matter to use a dose rate
meter during an exposure to adjust the barrier to a distance where the dose rate does not exceed 7 5 uSv
h"' (0.75 mrem h"1).

Controlled area for radiography. When an area cannot be used and the work has to be carried
out m-situ then the controlled area should be marked by a rope barrier supported at waist height (see
Figure 9.5).

USA regulations Radiation source

(DANGER HIGH RADIATION ARE,
imSv (100mR) In any one hour boundary/

^ CAUTION RADIATION AREA
50/iSv (5mR) in any one hour boundary

C RESTRICTED AREA
20/iSv (2mR) in any one hour boundary

EEC regulations

Radiation source

CONTROLLED AREA
7.5|«Sv/hour (0.75mR/h) boui

SUPERVISED AREA
2.5,uSv/hour (0.25mR/h) boundary
No barrier or notices required.

FIG. 9.5. Restricted areas for radiography. This diagram illustrates EEC and USA requirements for
site radiography. The circles represent restricted area boundaries and the captions show the maximum
radiation levels and the notices to be posted at each boundary.
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Measurements should be made with a dose rate meter during radiography to ensure that the dose
rate at the barrier does not exceed the rates listed in Figure 9.5.

This is particularly important if there has been any significant change in conditions. Even more
important, and this has been stressed before, is to ensure that measurements are taken after each exposure
on approach to the source, these should confirm that the source has fully retracted or the X ray set has
switched off.

TABLE 9.7. DAILY INSPECTION

Daily inspection is essential to the start of each shift to ensure that the equipment is in proper operation condition.

Inspections should be recorded in the log book.

Cables: Inspect drive cable housing for cuts, dents and broken fitting. Ensure that the 'available length' of drive
cable is greater than the total length of the guide tube(s). (If necessary, crank the cable out and
compare it with the assembled guide tubes, but keep the cable clean and ensure that no dirt is carried
back into the crank mechanism.

Guide tubes: Inspect source guide tubes for obstructions, cuts, dents and heat damage.

Radiation: Survey for excessive radiation levels around the projector.

Projector: Inspect projector for damage to lock, couplings and fittings.

Controls: Inspect the drive cable control unit for damage to drive cables or loose components.

Connector: Check for wear in the drive cable connector using the NO GO gauge. Without using excessive force,
check the following four positions:

(1) The ball connector on the end of the cable must NOT GO into the hole.
(2) The ball connector shank must NOT GO into the smaller of the two notches in the gauge

side.
(3) The gauge must NOT GO into the female slot in the source connector.
(4) Assemble the male and female parts of the connector and check that the larger notch in the

side of the gauge will NOT GO in the gap shown.

Replace components that fail any of these tests, because failure indicates significant wear that could allow safety features
of the design to be defeated.

Movements: During the first exposure of the shift, check the operation of the selector ring, lock assembly and
control crank for freedom of movement. If operation is difficult, retract the source and survey the
equipment to ensure that the source returns to the stored position.

NOTICE: DEFECTIVE EQUIPMENT MUST BE REPAIRED OR REPLACED BEFORE USE!

Major causes of overexposure to gamma rays

The vast majority of radiation overexposures occurring in industrial radiography are the result of
the radiographer not knowing the location of the source because he failed to make a proper radiation
survey.

It is most important for the radiographer to understand how to make a proper survey. An initial
survey of the radiographic exposure device should be made upon removing the exposure device from
storage.

Most radiographic exposure devices have surface radiation levels on the order of 1 mSv when
loaded to capacity. This initial survey will verify that the source is in its proper storage position in the
exposure device and that the survey instrument is working properly. It will also provide a baseline value
of intensity for comparison with later radiation survey results. Abnormally high or low instrument readings
during the initial survey could indicate that the source is not properly stored or that the survey instrument
is not functioning properly. Either case warrants further investigation.
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The radiographer should also observe his survey meter while exposing the source during a
radiographic operation. When the source first emerges from the exposure device, there should be a drastic
increase in the radiation intensity. As the source is moved through the guide tube, the radiation intensity
should gradually decrease. If a collimator is being used at the source stop, there should be a marked
decrease in the radiation intensity as the source enters the collimator.

While the source is exposed, the operator should survey the boundary of the Restricted Area to
assure that it has been properly established. A survey of the High Radiation Area boundary should not be
made as this would lead to unnecessary radiation exposure to the operator.

While retracting the source, the operator should also observe his survey meter. When the source
emerges from the collimator, there should be a considerable increase in the radiation intensity.

The intensity should then gradually increase as the source moves toward the exposure device. As
the source enters the exposure device, the radiation intensity should greatly decrease.

The operator should then approach the exposure device while observing the survey meter. He
should survey the device on all sides, paying special attention to the front of the device (if the source were
only partially shielded, radiation intensities on the sides and rear of the device may be nearly normal, but
there would be a high intensity in the vicinity of the exit port). The radiation intensity on the surface of
the exposure device should be approximately the same as that observed during the initial survey. The
operator should then survey the entire length of the guide tube to the source stop or collimator to assure
that the source is properly shielded.

Without making a proper radiation survey, the operator cannot be sure of the actual location of
the radioactive source. Cursory surveys will lead to problems. Only through the proper use of a survey
meter can the radiographer avoid an accidental radiation exposure.

9.1.6. Radiation safety programme

Every person who works with ionizing radiation should receive such information, instruction and
training as will enable the employer to comply with the regulations.

All occupational workers should be given specific instruction and training concerning the hazards
involved and the precautions to be observed. If the training cannot be performed by the employer contact
the manufacturer for additional training.

9.1.6.1. Radiation protection officer

The radiation protection officer (RPO) is an important source of advice concerning protection of
persons from ionizing radiation. The (RPO) should be able to give advice to the employer concerning:

Designation of controlled area radiography;
Control of access to controlled areas;
Drawing up written systems of work and local rules;
Dosimetry and monitoring;
Restriction of exposure and maintenance of engineering controls and other equipment provided
to reduce radiation doses to persons;
Selection and training of radiographers;
Investigation of exposures above control levels and over-exposures;
Hazard assessment and emergency planning arrangements;
Assessment of new equipment and procedures.
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The RPO should have sufficient technical knowledge and training to exercise supervision with
regard to the requirements of the regulations. In general, he should be made responsible for ensuring that
protective measures and safe working techniques, are observed.

The RPO may be involved in investigating and reporting on the circumstances in which a sealed
source is lost or mislaid, cases in which there is leakage of the radioactive substance from a sealed
sources. The RPO should investigate overexposures and when persons have received greater than three-
tens of a dose limit. He should therefore have a working knowledge of the dose limits and of basic
radiological protection in its widest sense.

When side radiography operations are carried on in places where the general public have access
e.g. in testing of structures in urban streets, the RPO should also be capable of putting the emergency
procedures into effect to ensure the safety of the public.

It is important that the RPO is capable of dealing with any emergency, and he should have
appropriate knowledge of the equipment and working methods used by his employer. It is essential that
he has the authority and the ability to put these measures into effect.

9.1.6.2. Occupational workers

The should be made fully aware of the hazards of ionizing radiations and have received training
to work safely. Anyone working with sealed source equipment should have adequate knowledge about the
safe storage and transport of radioactive substances. All radiographers and radiographic assistance should
be classified persons. Radiographers and radiographic assistance should be given specific instruction in
the method of operation of every item of equipment which they will use; this especially important for
source exposure equipment and dose rate meters. They should also be taught to recognize fault conditions
and other emergencies, and to follow the emergency procedures. At least once a year they should practice
under the direction of the RPO, the source recovery procedure using a dummy source.

9.1.6.3. Personal dosimetry

Dosimeters (film badge or TLD). The employer should make arrangements with an approved
dosimetry service (ADS) for the assessment of doses to all classified persons. The ADS will arrange for
the supply of dosimeters. Arrangements should be made by the employer for the distribution to, and
collection from, the classified persons and for the return of the dosimeters for assessment. The normal time
interval between exchange of dosimeters for side radiography should 2 weeks. In order to maintain close
control of the issue and return of dosimeters an individual working record showing dosimeter dates of
issue and return is necessary unless a computerized system is used.

No dosimeter issued to a particular individual should be worn by any other person.

Where a dosimeter is not returned by a person within 2 weeks at the end of the period of use, 'non
return' reminder should be sent to that person. If it is still not returned it is essential to take steps to
recover the dosimeter or trace its whereabouts. If for any reason a dosimeter has been lost then a thorough
investigation of the circumstances should be made and a written report kept.

If the dosimeter is not recovered the employer should be satisfied 'beyond all reasonable doubt'
that the employer has not received more than the national dose during that period.

Alarming dose rate meters. An alarming dose rate meter or chirper is strongly recommended
to provide immediate audible warnings of a high radiation field. It may be required in some countries (i.e.
USA), see Section 4.1.1.3 for further information regarding this type of personal monitor.

Pocket dosimeters. A direct reading pocket dosimeter ranging up to at least 2 mSv (200 mrem)
must also be worn to comply with US regulations. It must be recharged at the beginning of each shift.
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Records of the initial and final readings of the pocket dosimeter must be kept for inspections. The operator
should frequently check the pocket dosimeter reading. He must stop all work with radiation immediately
if it reads off scale.

His film badge or TLD must be sent immediately for processing, and he must not enter a restricted
area until it has been determined that he received less than the maximum allowed occupational exposure.

Radiographers must also have an operable calibrated survey meter to determine radiation levels
when performing radiographic operations. The meter must be capable of measuring up to at least 10
mSv/h (1 R/h) maximum and down to 20 fiSv/h [US regs.], or 2 u.Sv/h [EEC regs.].

Dose records. Any dose records held by the employer from previous classified employment,
under previous legislation or as a result of work abroad or offshore should be sent to the ADS for
incorporation into the dose records. It is important to establish with any new employee if any previous
dose record had been kept. Previous records should be notified to the ADS giving such information as is
possible.

The dose records should be updated by the ADS and kept for the specific number of years that
the competent authority specifies (i.e. 50 years). It is essential that details concerning changes of personnel
and relevant changes in functions of classified persons are notified promptly to the ADS. Dosimeters
which have been worn, including any which are overdue, should be returned promptly.

The employer should arrange for the ADS to supply him with summaries of dose records on a
quarterly calendar. It is recommended that the quarterly summaries should be retained by the employee
for a period of at least three years from the end of the calendar year to which the summary relates.

The dose record summaries provided should be reviewed by the RPO or employer and used as
one means of establishing whether doses are being sufficiently restricted, and to identify unusually high
or low results.

If an already classified person visits a side where other work with ionizing radiation takes place
and the occupier requires that person to carry a second dosimeter then:

(a) The dose record produced by that occupier should not constitute any part of the classified person's
dose record;

(b) At the precontract stage co-operation between the occupier and the employers concerned should
ensure that the employee's dose records held by his co-ordinating ADS are not duplicated.

Termination records. Termination records should be prepared by the ADS after being informed
by the employer that a person who has a dose record is leaving his employment. Upon its receipt from
the ADS, the employer should forward a copy of the termination record to that ex-employee. The
termination record forms the basis of the new dose record at the next employment with work with ionizing
radiation.

9.1.7. Emergencies

Emergency conditions are those in which the source cannot be returned to a shielded position by
normal means. Most emergency situations can be overcome with very little radiation exposure to the
technicians performing the work. However, the work necessary to be performed is generally beyond the
scope of training and experience of radiographic technicians.

In most cases, emergency source retrievals require detailed knowledge of the equipment a greater
degree of training in radiation protection principles and techniques than is usually afforded to radiographic
technicians. In most emergency situations, it is generally advisable to obtain outside assistance, and most
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radiographic equipment manufacturers have trained individuals available to provide this help. The action
of the radiographic technician on the scene should be limited to establishing and maintaining security of
the restricted area and notifying the radiation safety officer. There are, however, circumstances in which
it is impractical to await outside assistance. In this case, there are a number of principles to aid in the
retrieval of a source.

The most important factor is to recognize that an emergency exists. This can only be accomplished
through the proper use of a survey meter. In an earlier section of this handbook, the proper techniques
for making radiation surveys during radiographic operations were described. Only by conscientiously
observing these survey practices will the radiographic technician recognize that an emergency exists. As
will be seen in a later section describing case histories of radiographic accidents, too often an
overexposure occurs because an emergency situation existed and the radiographic technician did not
recognize it because he failed to make a proper survey.

Following the proper survey techniques will also provide additional information which will help
in planning the steps to take in retrieving the source. In any source retrieval, accurate knowledge of the
location of the source is imperative. If a radiographer watches the survey meter while he is retracting the
drive cable, and notices that there was no sudden increase in the radiation intensity when the source should
have been leaving the collimator, he would be likely to conclude that the source remained in the
collimator and was detached from the driving cable. If he observes that the radiation intensity gradually
increases while he is retracting the source and that the cranking stops with these high radiation intensities
present, it is likely that the source is in the guide tube and has been stopped by some obstruction. If the
source retracts normally and the radiation survey of the sides and rear of the exposure device reveal
normal results but the radiation intensity at the front of the exposure device is higher than normal, it is
likely that the source is inside the exposure device but not fully retracted. Each of these situations require
different actions. The information learned by Emergencies following the proper survey practices will help
in deciding the course of action to take.

It is important to maximize the distance between the operator and the source. If the source or
source guide tube must be moved, it should never be done by hand. The exposure to the hands would be
extremely high. A pole, as long as practical, can be used for simple poking operations. A nail driven in
the end of a pole can be used as a hook. If tape is used to secure the guide tube, it can be cut by a knife
taped to a pole. A simple pick-up tool can be fabricated by wiring pliers to a pole.

It is important to reemphasize that in most emergency situations, the radiographic technician's
responsibility should be limited to establishing and maintaining security of the restricted area and notifying
the radiation safety officer. Use the help of trained and qualified outside service organizations wherever
possible. In cases where the circumstances preclude waiting for outside help, take the time to devise a
good workable plan. Rehearse the plan outside the restricted area. Know what the exposures will be and
be sure of each step of the operation before doing anything.

AN UNSHIELDED SOURCE MUST NOT BE PICKED UP OR HANDLED AT
CLOSE RANGE UNDER ANY CIRCUMSTANCES: THIS COULD CAUSE DEATH
OR SERIOUS INJURY!

If the source becomes jammed in an exposed position:

DO NOT RUSH to try to retrieve the source.
MOVE AWAY. Move everyone away from the danger area.
SURVEY. Use the radiation survey meter to check restricted area boundaries and, if necessary,
move the boundaries out to a new safe distance.
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Do not leave the area unattended under any circumstances!

GET HELP. Notify the Supervisor immediately, and contact the Radiological Protection Officer
(RPO). Retrievals are normally performed by specially trained RPOs and must NOT be attempted
by Radiographers without special training for this work.

THINK. Allow time to consider the most appropriate action and to evaluate the likely
consequences before attempting any remedial action.

DON'T PANIC. It is usually possible to retrieve an exposed source with very little operator
exposure if skilled help is available and properly thought out procedures are used.

Table 9.8 shows the reference levels for 10 mSv to the hands at 1 m from two different types of
radiographic sources:

TABLE 9.8. SOURCE RECOVERY. REFERENCE LEVELS FOR 10 mSv (1 REM) TO THE HANDS AT 1 M
FROM A SOURCE.

Source

Ir-192

Co-60

Activity
(curies)

1
2
5
10
20
50
100

1
2
5
10
20
50
10

Dose rate at 1 m
(mSv/h)

4.8
9.6
24
48
96
240
480

13.2
26.4
66.0
132.0
264.0
660.0
132.0

Time allowed
(min)

120
60
25
12
6
2
1

46
23
9

4.6
2.3
0.9
0.4

9.1.8. Licensing and inspection

9.1.8.1. Licensing of users of ionizing radiation industrial radiography

The following outline recommends specific items to be included in a radiography application to
the competent authority.

1. Enter the name of the company, the mailing address and the telephone number.

2. Check if this is a new license, or an amendment to an existing license.

3. If the mailing address in Item 1 is a Post Office Box, or if different from the location where
industrial radiography sources are usually stored, then enter the street address where these items
will be primarily located, stored or used. If radioactive material is to be used at temporary jobsites
offshore or out-of-state, then please indicate.

4. Radiation programme personnel. A qualified individual should be designated the responsibility
for radiation protection. For additional guidance concerning the radiation protection officer, please
refer to Annex A of this section. Primary users or individuals charged with the supervision of
radioactive material should also be listed in this area. Example: Instructors and radiographers.
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5a. Film badge. The name of the film badge or thermoluminescent dosimeter (TLD) supplier should
be provided. The frequency of exchange of film badges or thermoluminescent dosimeters should
be specified.

5b. Pocket chamber or dosimeter. The manufacturer, model number and range of pocket dosimeters
to be used should be provided.

5c. Alarming dose rate meter. The manufacturer, model number and range of alarming dose rate
meters (chirpers) to be used should be provided.

6a. Contamination surveys. Contamination surveys are not routinely required when only sealed
sources are used; however, cross-contamination of equipment from leaking radiography sources
is a real possibility, and a contamination check should be performed immediately if a leaking
source has been discovered. Please provide the competent authority with an outline of the
contamination surveys that will be performed when needed.

6b. Radiation area surveys. The permanent storage facility should be surveyed periodically to insure
that exposure rates in unrestricted areas do not exceed the limits specified in the regulations.
Please specify the frequency at which surveys will be made. At the time of the quarterly inventory
will be acceptable. The Operating and Emergency Procedures should identify when a survey
should be made, specifically, what should be surveyed, and acceptable radiation levels for the
survey. In general, a survey should be performed each time the source is manipulated or moved.

7. Distributors of sealed sources usually supply a certificate with each source, giving the results and
date of the last leak test performed on a source. If such a certificate is not received, the source
is not to be used until a leak test has been performed and the results of the test received showing
that the source is not leaking or contaminated. Thereafter, the source must be tested for leakage
and contamination at intervals not to exceed six (6) months.

Records of the testing of each source identifying the source tested,
date of the test, and
the results of the test in units of microcuries, must be maintained for inspection by the
Division.

The leak testing of sealed sources may be performed only by persons who are specifically
authorized by the Division to do so. In establishing a programme for leak testing, you may choose
one of three approaches:

A. You may utilize the services of a consultant or a commercial organization licensed by the
competent authority to perform leak tests. The name of the consultant or commercial organization
must be specified.

B. You may be licensed to use a commercially available leak test kit. Your application should
specifically identify each kit you may wish to use by designating the kit's supplier and the kit
model number. Your application should identify who will use the kits to perform leak tests. If
radiographic personnel will perform leak tests, specific instructions should be included in the
operating and emergency procedures for personnel. The instructions and procedures provided by
leak test kit suppliers should be modified to fit your programme, if necessary.

C. You may be licensed to perform your own leak tests, including taking and evaluating the wipes.
Should you desire to conduct your own leak test, you should submit the following information:

(Cl) A description of the instrumentation to be used in evaluating the wipe, including its sensitivity and
accuracy, and a description of your calibrating and standardizing procedures with a sample
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calculation showing conversion of results to the required microcurie units. Survey instruments are
generally not designed for such measurements and may not be acceptable for this use.

(C2) A description of the material to be used in taking the wipes and the points on the equipment
which will be wiped; the radiation safety procedures to be followed during the sampling process
and the method for handling and disposing of the wipes.

NOTE: Samples are not taken directly from the surface of the radiographic source.

(C3) A description of the training and experience which qualifies each person who will take or evaluate
the wipes.

8. Waste disposal. Waste disposal can usually be accomplished by returning all waste to the
manufacturer. If it is desired to use another firm or individual other than the manufacturer of
sealed sources for waste disposal, then this firm or individual must hold a specific license to
perform such services. Sealed sources may only be transferred to a person or firm holding a
specific license for receipt or disposal of radioactive material.

9a. Health physics programme. In an attachment to the license application, describe in detail the
method and procedure for control of the radioactive material. This should include an outline of
the delegation of responsibility , precautions, and instructions to be given to all personnel and a
format for record-keeping and a method of checking the receipt and disposal of all radioactive
materials, including the utilization of all industria] radiography sources.

The radiation programme administration section should be a summary describing the delegation
of responsibility, the radiation protection officer's functions, the methods of ensuring the proper
use of radioactive material, and how the administrative programme will work to prevent any
violations of the Competent Authority Regulations, license or registration conditions, and operating
and emergency procedures.

Most regulations require each licensee to provide radiography personnel with operating and
emergency procedures. The purpose of these procedures is to provide radiographic personnel with
clear and specific instructions in the topics and other duties and responsibilities which radiography
personnel may have.

The operating and emergency procedures for personnel should not contain information which does
not apply specifically to the duties of radiography personnel (for example, training programme
descriptions, management control programmes.) The operating and emergency procedures manual
should be as concise as possible, containing clear and specific instructions in the duties of the
radiography personnel only tailored to fit the programme proposed in the application and should
be complete and self-contained in a single document. Information contained in equipment manuals
and other publications should be extracted and placed into the operating and emergency
procedures.

There is no specific format for operating and emergency procedures. A sequential set of
instructions which covers radiography operations from the beginning of the work day to the end
of the work day is an acceptable format.

9b. Physical facility. Please describe the permanent storage facility for radioactive material. This
description should include the following:

A. A description of the storage vault including a drawing with dimensions and shielding details.
Survey information, if available, should be supplied.
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B. A description of the security measures provided to prevent unauthorized rem oval of devices
containing radioactive material .

C. A description of the building in which the storage vault is located, its relationship to other
buildings in the area (especially to occupied office areas) and a description of the security
provided by the building to prevent any unauthorized entry into the storage vault.

D. Posting of the vault and the storage area.

In addition to the permanent storage facility, please provide a detailed description of the precautions that
will be taken for storage of material at temporary jobsites. This should include the following:

A. A detail of the storage vault or container that is provided on transporting vehicles, including
dimensions and shielding information

B. Posting of temporary storage facilities

C. Precautions that will be taken to prevent unauthorized removal of radioactive material from
temporary storage facilities.

If a permanent, shielded facility will be used for performance of radiography, a detailed description of the
facility should be submitted which includes the following:

A. Drawing or sketches of the facility and its surroundings, including:

(1) dimensions of each enclosed area,
(2) thickness, density and type of shielding material on all sides, above and below,
(3) identification of entrance ways, and,
(4) description of the nature of, and distance to all areas adjacent to, above and below each exposure

area.

B. A description of the area safeguards such as locks, signs, warning lights, and interlocking systems
for each enclosed exposure area and adjacent area.

C. The results of calculations or radiation level measurements showing maximum anticipated
radiation levels in all areas adjacent to each exposure area including the roof or ceiling. The type
of source, activity of the source, and position of the source within the facility, should be
identified.

The objective of a shielded facility is to permit the performance of radiography within the facility
so that areas outside the facility may be considered unrestricted areas and will meet the radiation
level limitations.

10. Health physics instrumentation. Instruments should be identified by manufacturer, model
number and range of instrument. For instruments to be used for surveys, the instrument must have
a capability of measuring a minimum of 20 (j.Sv to 10 mSv per hour. Radiation survey instruments
used in radiographic operations should be calibrated at intervals not to exceed three (3) months
and after each instrument servicing. The small check source which is incorporated into several
models of survey instruments is not acceptable for calibration purposes. If instrument calibration
will be performed by an organization other than the applicant, the name of the organization should
be included in the application.

If an applicant wishes to calibrate instruments, the following information should be submitted:

A. The type (radioisotope, manufacturer and model number) and activity of the source to be used and
the manufacturer and model number of the device.
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B. The specific procedures to be used for calibration, including radiation safety procedures to be
followed for use of the source. These procedures should include sample calculations to
demonstrate an understanding of how to establish the exposure rate at a given distance and sample
calculations to demonstrate an under standing of how to correct for source decay.

C. The name and pertinent experience of each individual who will perform instrument calibration.

11. General instrumentation. List any other instruments used for radiation detection other than
those mentioned in Item 10 such as audible or digital pocket dosimeters.

12. Training programme for industrial radiography personnel - periodic retraining -
An applicant for a radiography license must have an adequate programme for the training of
radiographers. Even if initial radiation safety training is provided by an outside entity, the licensee
must have an in house training programme to provide the necessary training for radiographers in
the operating and emergency procedures and use of equipment.

A radiographer means "any individual who performs industrial radiographic operations and who
is responsible to the licensee or registrant for assuring compliance with the requirements of these
regulations and all license or registration conditions". Most regulations specify that no licensee
or registrant shall permit any individual to act as radiographer until such individual:

(1) Has been instructed in the subjects concerning radiation safety and health physics principles, has
demonstrated understanding thereof, and if deemed necessary, has successfully completed an
examination administered by the competent authority or its agent;

(2) Has received copies of and instructions of the competent authority regulations and licensee's or
registrant's operating and emergency procedures and has demonstrated understanding thereof; and

(3) Has demonstrated competence to use the sources or radiation, radiographic exposure devices,
related handling tools and radiation survey instruments which will be employed in his/her
assignment.

Please note that the requirements say nothing about the individual's ability to produce an
acceptable radiograph or to interpret radiographs, and is in no way related to ASNT levels. In
other words, these requirements for a radiographer are based strictly on the individual's radiation
safety training and ability to safely use sources of radiation. Once an individual is considered a
radiographer under the Competent Authority Regulations, they may still not be qualified from
your standpoint to meet all of your customer's needs in providing quality radiographs. Also,
please note that, in some instances, Competent Authorities may not specifically require that all
employees be called by the title 'radiographer'. However, if an individual is found in the field
using sources of radiation, related handling tools and radiation survey instruments without the
direct personal supervision of an instructor, then this individual must meet the requirements
specified in the regulations.

The Competent Authority is aware that for an individual to receive complete training in the use
of equipment, he must be provided some on-the-job training. Therefore, you will also find the
definition of a radiographer trainee, or radiographer assistant, which means "any individual,
who under the personal supervision of an instructor, uses sources of radiation, related handling
tools and radiation survey instruments during the course of his instruction." An instructor is "any
individual who has been authorized by the Division to provide instruction to radiographer trainees
in accordance with the Competent Authority Regulations".

A radiographer trainee cannot be considered part of a two-man crew to meet the requirements of
a radiography 'team'. However, an instructor may be considered part of a two-man crew.
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Applicants have three (3) choices concerning the training programme that they will employ. The
first is an in-house training programme in which the applicant hires individuals that have had
no previous training or experience with the use of radioactive material and provides complete
instructions in all topics outlined in Annex E. The second choice is a limited training
programme where the applicant hires previously trained radiographers and provides the necessary
on-the-job training, operating and emergency procedures instruction and the necessary instruction
in the use of radiographic equipment. An example of this would be the hiring of an individual
who has received instruction at a vocational-technical school but with limited or no on-the-job
training or experience in the use of radioactive material. The third choice is a very limited
programme where the applicant proposes to hire only qualified experienced radiographers who
require minimal instruction in the applicant's operating and emergency procedures and use of
equipment.

13. Internal management review procedures and control. Describe the internal inspection system
or other management control. This should include a description of:

1. The qualifications of each person who is responsible for maintaining such control.

2. The type and frequency of internal inspections to be made to comply with the Competent
Authority Regulations.

3. The responsibilities of each person in the programme.

4. The procedure for recording and reporting deficiencies to appropriate management personnel.

5. The educational follow-up programme to be utilized in correcting deficiencies noted during
inspections.

The type and extent of the radiography programmes to be conducted will usually determine the
nature of the system and inspection frequency. Periodic, at least quarterly inspections, of
radiography operations shall be made by persons with authority in management on both an
announced and unannounced basis. This person should have a thorough knowledge of equipment,
procedures, and regulations and a level of competency at or above that expected of a radiographer.
Management should make a continuing review of quarterly inventories, utilization logs, records
of receipt and disposal of licensed material, records of personnel monitoring and surveys.

14. Organizational structure. Active control over the radiography programme must be exercised by
management personnel in positions of authority. Submit a description of the overall organizational
structure pertaining to the radiography personnel, including specific delegation of authority and
responsibility for the programme. Each individual in the line of authority should be identified by
name and his duties and responsibilities relating to the radiography programme should be
described in detail. The training and experience of each individual which qualifies him to perform
his duties and accept his responsibilities should also be described.
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DUTIES AND QUALIFICATIONS OF A
RADIATION PROTECTION OFFICER FOR INDUSTRIAL RADIOGRAPHY

The individual or individuals assigned the duty of maintaining active management of the radiation
control programme is generally expected to perform the following duties and to assist in maintaining
exposures as low as reasonably achievable. The list is not intended to be all inclusive, nor should it be
interpreted as a requirement that any one person assume all the listed duties. Information pertaining to the
applicant's specific programme should be submitted and include such duties as may be performed by
management personnel such as the following:

A. Serving as the licensee's liaison with the Competent Authority on license or registration
matters.

B. Develop and maintain up-to-date operating and emergency procedures.

C. Establish and maintain a personnel monitoring programme.

D. Procure and maintain an adequate number of operable and properly calibrated radiation
survey instruments.

E. Establish and conduct a training programme for radiographers.

F. Examine and determine competency of radiographic personnel.

G. Maintain exposure devices, storage facilities and equipment.

H. Establish and maintain the internal inspection programme.

I. Perform source replacement.

J. Establish and conduct a survey instrument calibration Programme.

K. Assume control and institute corrective action in mergency situations.

L. Investigate the cause of incidents and determine necessary preventive action.

M. Establish and maintain the licensee's record-keeping system.

In order for the Radiation Protection Officer to fulfill the requirements of the above duties, it is
immediately apparent that his training and education must be at least equivalent to the requirements for
an industrial radiographer. The Radiation Protection Officer must possess a thorough knowledge of
equipment, procedures, and regulations, and a level of competency at, or above that expected of a radio-
grapher. The licensee must determine who, in the organization, meets these requirements and can fulfill
these duties; and submit that person(s)' resume(s) to the Division. As a general guideline, a Radiation
Protection Officer should be a qualified radiographer with at least two (2) years experience with the
equipment and procedures that he is likely to encounter.

9.1.8.2. Inspection of users of ionizing radiation industrial radiography

The objective is to assure that users of ionizing radiation carry cut their activities in compliance
with regulatory requirements and in a manner that does not result in undue risk to their employees, the
public health and safety of the environment. This is accomplished by:

A. Licensing. A review of the proposed health physics programme facility, operating procedures and
emergency procedures to determine if the Programme Objective can be reached.

194



B. Inspection. The personal observation, examination of records, independent measurements and
interviews to determine if the Programme Objective is being reached.

C. Investigation. A detailed examination of the circumstances surrounding an incident in which the
Programme Objective has not been reached. The goal of which is to establish the cause, the
incident and perhaps prevent recurrence.

D. Enforcement by Paper Whip, Civil Penalties and Termination of License.

Preparation and carrying out an inspection. The inspector has to prepare himself for the type
of inspection to be performed:

(1) Regulations - study and experience.
(2) License - study, know conditions.
(3) Application - review for commitments.
(4) Procedures - study, know the operating procedures.
(5) Previous Inspection Report - look for violations.

The Inspector has to prepare the appropriate equipment necessary for the inspection:

(1) Calibrated survey meter.
(2) Film badge or TLD.
(3) Pocket dosimeter.
(4) Other safety equipment (hard hat in safety color, i.e. yellow), safety toe shoes, safety glasses, ear

plugs, respirator, protective clothing as needed.

Conduct. If there are two inspectors, one must take the lead. The second should not interrupt
during the interview, but save questions for last. Do not contradict each other or argue in front of the user.
A proper planning is necessary to make the best use of the time: priorities have to be set and appointments
have to be arranged.

1. Office inspection - Personnel interview

Interview the right person.
Put the person at ease.
Phrase questions properly and do not answer your own question.
Listen - do not be thinking of the next question or checking off spaces on a check-off sheet.
Take notes.
Control interview - it is an interview, not just a record audit.

(Note: Save the violation until last; do not talk about other inspectors, do not get trapped into doing their
job.)

1. Office inspection - Records

Personnel monitoring records.
Dosimeter - compare to film badge.
Training.
Receipt and disposal.
Quarterly inventory - (at the time of the inspection as necessary).
Quarterly maintenance and daily maintenance.
Utilization - compare with surveys and dosimeter records.
Leak tests - compare with receipt and disposal records.
Survey records.
Radiation histories.
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Quarterly management inspections of radiographers.
Pocket dosimeter calibration records.
Survey meter calibration records.

1. Office inspection - Management closeout meeting

Have information about inspection findings ready.
Meet with the highest ranking corporate officer possible.
Be courteous.
Outline violations - give specific examples.
State and explain any additional requirements that will be imposed.
Give management a chance for rebuttal or questions.

2. Field inspection - Observations - Should try to observe without the licensee's knowledge

Surveillance of the area.
Ropes or other barricades.
Posting - purpose ??
Use of survey meter.
Attitude (coiled crank-out, moving out of area, use of shielding).
Storage and condition of equipment.
Locking of the device after each exposure.

2. Field inspection - Interview

Check for dosimeter and film badge/TLD.
Question about training.
Question about operation.
Question about use of survey meter.
Examination of records.

1. Regulations, license, registration and operating & Emergency procedures.
2. Area survey.
3. Survey of device prior to storage.
4. Dosimeter record.
5. Leak test record.
6. Calibration of survey meter.

2. Field inspection - Independent measurements

Radiation survey of area.
Radiation survey of equipment.
Contamination survey.

A REPORT has to be prepared which should only contain facts or personal opinions if so stated.
Violations have to documented properly. The report should be as short as possible.

9.2. Safety of irradiators

Since the 1950s sources of ionizing radiation have been used for medical, industrial and research
purposes. There are currently some 160 gamma plants and over 600 electron beam machines in operation
throughout virtually all Member states of the IAEA. The most extensive uses of these plants and machines
are for the sterilization of medical and pharmaceutical products, the preservation of foodstuffs, polymer
synthesis and modification and eradication of insect infestation.
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9.2.1. Irradiator types, facility design and construction

Gamma and electron irradiation facilities can be constructed so that during normal use any
radiation exposure of workers will be very low. However significant radiation exposure may result from
loss of control or damage to the radiation source. In extreme cases the exposures may be sufficient to
cause serious injury or even fatalities in the short term. Damage to sources can also lead to widespread
contamination. The risk of accidental exposures can however be kept to a minimum by proper design and
construction with specific attention to such matters as shielding and interlocks. It is therefore essential that
adequate radiation safety measures are taken in keeping with the objectives laid down in the Basic Safety
Standards jointly prepared by International Atomic Energy Agency and other UN-Organizations and
published as IAEA Safety Series No. 115-1, 1994.

The safety record of the industry has been very good. Nevertheless there is a potential for
accidents with serious consequences. Gamma and electron beam facilities produce very high dose rates
during the irradiation mode so the accidental presence of persons in the irradiation chamber can lead to
a lethal dose within seconds or minutes and some fatalities have in fact occurred (see section 9.5.4).
Precautions against uncontrolled entry must therefore be taken. Furthermore gamma irradiation facilities
contain large amounts of radioactivity and if the means of retracting the source is damaged, the source
may remain exposed inhibiting direct access to carry out remedial work, contamination can result from
corroded or damaged sources and decontamination can be expensive. These aspects clearly indicate the
need to achieve a high degree of safety and reliability of the facilities. This is accomplished by good
quality control together with careful and experienced design, manufacture, installation, operation and
eventual decommissioning.

9.2.1.1. Categories

The activity of the sources in an irradiator ranges from a few TBq (1 TBq = 27 Ci) to more than
100 PBq (3 MCi). The safety recommendations given in this document are primarily concerned with
facilities with the larger activities but with appropriate modifications, they also apply to facilities with
relatively low activities.

For the purposes of this document, four general categories of irradiators are defined according to
the design of the facility and particularly the accessibility to and shielding of the radioactive sources. The
categories are:

Category I: An irradiator in which the sealed source(s) is completely contained in a dry container
constructed of solid materials, the sealed source(s) is shielded at all times, and human access to the sealed
source(s) and the volume(s) undergoing irradiation is not physically possible in its designed configuration
(Fig.9.6).

Category II: A controlled human access irradiator in which the sealed source(s) is contained in
a dry container constructed of solid materials, the sealed source(s) is fully shielded when not in use and
the sealed source(s) is exposed within a radiation volume(s) that is maintained inaccessible during use by
an entry control system (Figure 9.7).

Category HI: An irradiator in which the sealed source(s) is contained in a water filled storage
pool, the sealed source(s) is shielded at all times, and human access to the sealed source(s) and the
volume(s) undergoing irradiation is physically restricted in its designed configuration and proper mode
of use (Figure 9.8).

Category IV: A controlled human access irradiator in which the sealed source(s) is contained in
a water filled storage pool, the sealed source(s) is fully shielded when not in use and the sealed source(s)
is exposed within a radiation volume(s) that is maintained inaccessible during use by an entry control
system (Figure 9.9).

197



Shielding source
container

Sample loading
tube

FIG. 9.6. Category I gamma irradiation facility: a self-contained, dry source storage irradiator.
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FIG. 9.7. Category II gamma irradiation facility: a panoramic, dry source storage irradiator.
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FIG. 9.8. Category III gamma irradiation facility: a self-contained, wet source storage irradiator.

For purposes of this training course manual, only electron accelerators of energies less than or
equal to 10 MeV are considered. For these energies, there is no induced radioactivity in any part of the
equipment. The main difference in types of accelerator are in the modes of accelerating the electron beam
and in the method of producing the necessary high voltages. For the purposes of this report electron
irradiation facilities are divided into two categories. These are:

Category 1: An integrally shielded unit with interlocks, but where human access during operation
is not physically possible due to the configuration of the shielding.

Category 2: A unit housed in a shielded room that is maintained inaccessible during use by an
entry control system.

9.2.1.2. Design of construction

The design of an irradiation facility will be determined by factors such as the purpose of its
operation and the category of the facility. Therefore it is not possible to recommend a specific system
design that will achieve the required degree of safety. It is however possible to present several design
principles that should be used, if necessary in combination, to achieve and maintain the required reliability.
Designers of installations require guidance in terms of dose or dose rate objectives. These should be based
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FIG. 9.9. Category IV gamma irradiation facility: a panoramic, wet source storage irradiator.

on the ALARA principle (see Chapter 3) taking account of any additional dose constraints that may have
been specified for the purpose by the competent authority. Experience from the operation and maintenance
of other similar facilities will help in specifying the levels of exposure that are achievable in practice. It
has been shown by experience in several Member States that, in general, irradiation facilities can be
designed and operated such that the exposure of workers is significantly less than 5 mSv in a year.

(a) The provision of multiple means for ensuring each of the basic safety functions, i.e. access
control, shielding, and the confinement of radioactivity.

(b) The use of high integrity protective devices in addition to the inherent safety features.
(c) The supplementing of the control of the facility by automatic activation of safety systems and by

operator actions.
(d) The provision of equipment and procedures to control the course, and limit the consequences of

accidents.

An example of the concept of defence in depth to the design process is as follows. A series of
levels of defence in terms of equipment and procedures is provided in order to prevent accidents or to
mitigate the consequences in the event that prevention fails.
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(a) The aim of the first level of defence is to prevent deviation from normal operation. This requires
that the facility be soundly and cautiously designed, constructed and operated and that an
appropriate quality assurance programme be established and maintained at all stages.

(b) The aim of the second level is to detect and respond to deviations from normal operating
conditions to prevent anticipated operational occurrences from escalating into accident conditions.
This recognizes the fact that radiation incidents may occur during the service life of an irradiation
facility, despite the care taken to prevent them.

(c) The aim of the third level is to mitigate the consequences of an accident particularly through the
achievement of stable and acceptable conditions. This level also requires the provision of
additional equipment and procedures.

Irradiation facilities shall only be operated if all levels are in place and functioning. Redundancy,
the use of more than the minimum number of items needed to accomplish a given safety function, is an
important design principle for improving the reliability of systems important to safety. Redundancy enables
failure or unavailability of one item to be tolerated without loss of the function. For example, three or four
interlocks might be provided for a particular function when any two would be capable of carrying it out.

The reliability of some systems can be enhanced by using the principle of diversity. Diversity is
applied to redundant systems or components that perform the same safety function by incorporating
different attributes into the systems or components. Such attributes can be different principles of operation,
different physical variables, different operating conditions, production by different manufacturers, etc. The
causes of potential failures should be examined to determine where the principle of diversity could be used
effectively. Independence is another component of the design of the irradiation and is accomplished in the
design of systems by using functional isolation and physical separation. The reliability of systems can be
improved by applying the following principles for independence in design:

(a) Maintaining independence among redundant system components;
(b) Maintaining independence between system components and the equipment designed to mitigate

the effects of incidents, for example, an incident shall not cause the failure or loss of a safety
system or safety function that is required to mitigate that event;

(c) Maintaining independence between items important to safety and those not important to safety.

Programmable electronic systems (PES) are being used increasingly in safety control applications.
There can be problems relating to the integrity of the hardware and validation of the software leading to
faults in the system. Designers should pay particular attention to these problem areas. It is extremely
important that only fully-trained and competent staff should be allowed to alter software. Procedures for
doing so should be formalized. Any alterations to the software should not be done unless authorized by
the competent authority, and notification made to the manufacturer.

A formal method of assessment should be used e.g. hazard analysis technique such as Probabilistic
Safety Analysis. Each component within the system should be considered in turn. The likely types of
failure and their consequences for the system as a whole should be taken into account. This should include
consideration of the reliability of operating procedures, where safety depends on them, and encompass
both inadvertent failure to follow procedures and deliberate failure to do so.

The operating organization shall demonstrate to the competent authority how the design of the
irradiation facility and related operational procedures will contribute to the prevention of accidents on the
one hand, and to their mitigation on the other.

This information should be provided in the form of documented safety analyses describing and
evaluating the predicted response of the plant to incidents, (i.e. postulated malfunctions or failures of
equipment, common cause failures, human errors, external events, etc.) which could lead to accident
conditions. These analyses should be extended to relevant combinations of such malfunctions, failures,
errors and events.
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Specific requirements for wet storage conditions. The outer capsule material shall be such that
it does not significantly corrode under the conditions of storage of the sealed source in the pool. Account
shall also be taken of the need to limit thermal fatigue in the selection of the capsule material.

The source itself should be substantially insoluble in water so that the consequences of a breach
in containment are kept to a minimum. In this context it is noted that caesium chloride is highly soluble
in water and the use of caesium-137 in this form is not recommended.

The source manufacturer or supplier and users shall maintain records relating to the sealed
source(s). This information may be required by the competent authorities for such purposes as licensing
of the facility and transportation of the sources. The records shall include the following:

(a) Model number and identification number of the source(s), the contained radionuclide, source
activity, and date to which the source activity relates.

(b) ISO classification certificate.
(c) Bend test certificate (if required).
(d) Leak test certificate.
(e) Contamination test certificate.
(f) Special form test certificate for transportation purposes (cf: IAEA Transport Regulations).
(g) Any other documentation required by the competent authorities.

Internal design. The sealed source(s) shall be firmly fixed within its holder and rack such that
it cannot be readily dislodged from them. Means shall be provided to position and retain the sealed
source(s) in the design position(s). Devices used for the purpose of positioning and removing sources
should be capable of being operated from outside the radiation shields. In the event of failure of the sealed
source holder or rack it shall not be possible for the source to move into a position that may cause a
radiation hazard.

The radiation source shall be provided with adequate mechanical protection to prevent interference
and damage by items such as product boxes or carriers. For example, this may take the form of a
protective shroud, guide bars, or floor guides on the product positioning system. Product positioning
systems shall not be able to come into contact either directly or indirectly with the radiation source.

The product positioning system shall be provided with controls that detect a malfunction of the
system, which shall cause the source to automatically become fully shielded and the irradiator to shut
down.

Shielding. Direct radiation exposure from the operation of irradiation facilities shall be limited
by appropriate shielding. The shielding properties of particular materials are well established but the
experience from existing irradiation facilities should be taken into account. The amount of shielding
required should be determined by reference to any dose rate requirements specified by the Competent
Authority.

Once the design of the shield has been established, no subsequent changes should be made unless
they have been thoroughly proven and agreed with the Competent Authority.

Penetrations of the shield will be necessary for personnel and product entry and exit and for
ventilation and other ducting. These pose particular problems for the shielding designer who should ensure
that there is no direct radiation leakage path and that the use of maze entrances and shield plugs is
sufficient to reduce the radiation fields at the point of exit to acceptable levels. Where this is not feasible,
access to areas of high dose rate may need to be restricted. Care shall be undertaken to ensure that all
significant radiation paths are fully evaluated including in the case of gamma irradiation facilities those
that arise during the transit of the source(s) from its shield to its operating position.
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9.2.1.3. Control devices, interlocks, alarms and signals

Particular attention needs to be paid to the accessibility of the radiation room in gamma irradiation
facilities in Categories II and IV and in electron beam facilities in Category II. The design of these
facilities shall be such that persons cannot have access to the radiation room while the source(s) is in the
exposed position or the source is energized. Such control of access relies heavily on the use of interlocked
systems.

Sequentially interlocked controls shall be provided for personnel access, radiation room lockup,
and irradiation operations. The controls shall be designed such that any attempt to pre-empt or apply the
controls out of sequence will automatically abort the intended operation and require the sequence to be
restarted.

Personnel access door interlocks. Means shall be provided such that the personnel access door
to the radiation room shall be closed and secured before the irradiation process can begin. The door
interlocks shall be integrated with the master control system such that violation of the interlock system
or use of the door shall cause the radiation to be automatically terminated. Any failure of the control
system shall generate visible and audible alarm signals. Opening the access door shall also disable the
source hoist control circuit and cut-off the motive power to source hoist operating mechanism in the case
of gamma facilities or switch off the high voltage supply for electron beam facilities. The disabling of the
source hoist control circuit and the cut-off of the motive power to the source hoist operating mechanism
must be accomplished by independent actions.

Product entry/exit port interlocks. A suitable means shall be provided at the product entry and
exit ports to prevent inadvertent or accidental entry of personnel into high radiation areas. These shall be
interlocked such that an audible or visible alarm shall indicate when the entry/exit port control mechanism
has malfunctioned or been violated. The irradiation shall be terminated when this occurs and shall not be
restarted unless the cause of malfunction or violation has been remedied.

Removable radiation room shield plugs shall be interlocked with the master control system to
prevent or abort irradiator operations if a plug is removed. The interlock control should be accessible
outside the radiation shields.

Fixed radiation monitor with alarms. A monitoring system with built-in redundancy shall be
provided to detect the radiation level in the radiation room when the irradiation is indicated to be
terminated. The monitor shall be integrated with the personnel access door interlocks to prevent room
access when the monitor detects a radiation level in excess of that specified, or malfunctions or is turned
off.

The monitor shall generate visible and audible alarm signals if the radiation level exceeds that
specified when the irradiation is indicated to be terminated. This is a potentially hazardous situation in
which it may be necessary to override interlocks or other safety systems. Written administrative procedures
should therefore provide detailed guidance for such actions which shall only be undertaken under the
direct control of a radiation protection officer.

Source status and exposure system interlocks. Means shall be provided to ensure that, if a
malfunction occurs in the source exposure mechanism, the radiation source shall automatically become
fully shielded. If the source cannot be returned to its shielded position then means shall be provided to
prevent access and provide a visual and audible signal.

A discrete alarm, which is audible both inside the radiation room and at all access ports, shall be
provided to indicate when the radiation source is not fully shielded nor in the source-in-use status.
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A fixed radiation monitoring system with built-in redundancy and audible alarms shall be located
such that they shall detect any part of a radioactive source being brought out on a product carrier. These
monitors shall be interlocked with the irradiator controls such that if radiation at the exit port exceeds a
predetermined level, the conveyor which carries products from the radiation room to the exit port shall
stop and the source shall automatically become fully shielded.

Water treatment system monitor. A fixed radiation monitor with an audible alarm shall be
located on the deionizer column to detect contamination arising from source leakage. This monitor shall
be interlocked with the irradiation controls such that the source returns to its shielded position, and the
water circulation stops should the radiation reach the pre-set alarm level. The level must be set sufficiently
above the natural background level to avoid an excessive number of false alarms.

The irradiator shall not be operable until all shielding is in place and all other safety devices are
actuated. Moveable shielding shall be interlocked so that it cannot be displaced in a manner that results
in radiation levels in excess of those specified in the design. An interlocked radiation monitor should be
provided as a back-up check that the shielding is in place.

Control console. Each irradiator shall have a master control that shall be used to prevent
unauthorized operation. In power-operated irradiators - this control may be a key-operated switch. In
manually-operated irradiators, a keyed mechanical lock or simple padlock may be used. Means shall be
provided to terminate an irradiation and return the irradiator to its 'not in use' mode at any time.

The irradiator controls may be designed such that a single multi-purpose key is necessary to
operate the irradiator during normal use. This key may be used to operate the control console, to gain
access to the radiation room, and to actuate the safety delay timer. Systems other than the single
multipurpose key may also be used but, if they employ two or more keys, the first key must remain
captive when the other keys are being used. Means shall be provided at the control console to prevent,
quickly interrupt, or abort irradiator operations and terminate the irradiation at any time. This emergency
stop device shall be clearly labelled and provided in addition to any other means normally provided at the
control console to shut down the irradiator.

The motive power used (e.g., electrical, pneumatic, hydraulic) to expose the source shall be
provided with a disconnecting mechanism to enable servicing to be carried out without the danger of the
source being inadvertently exposed. Means shall also be provided for positively isolating the source control
system, or to mechanically lock the moving parts.

Radiation room. The radiation room shall be equipped with a safety-delay timer that will
automatically generate visible and audible signals to alert persons in the area that the source exposure
sequence has begun. The timer shall provide sufficient time to make a complete search of the area to
ensure that no-one else is present and then to leave the area. The safety timer shall be integrated with the
master control system such that irradiation cannot begin unless the start-up sequence has been properly
completed within a pre-set time.

For the protection of anyone inadvertently shut inside the radiation room one or more of the
following systems shall be provided:

(1) A means of exit from the radiation room. This may require a system for overriding the interlocks
on the personnel access door from inside the radiation room.

(2) A clearly marked location where radiation dose rates are sufficiently low.

Means shall be provided within the radiation room to prevent, quickly interrupt, or abort irradiator
operations and terminate the irradiation at any time. The emergency stop device shall be clearly labelled
readily accessible to workers in the radiation room and cause a visible or audible signal to be given
outside the room.
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Wet storage irradiators. Water is used as the radiation shielding medium in wet storage
irradiators. An automatic water level control shall be provided to maintain the water above a preset level.
Except for float switches, all components of the automatic water level control that are placed below water
level should be made of a material with a specific gravity of 1 000 or more. If hollow tubing is used, it
shall be fully vented to allow the water to flood the tubing. This is to eliminate the risk of a high radiation
beam up the tube.

The containment of the pool shall be watertight and designed to retain the water under all
foreseeable circumstances. A non-corrodible stainless steel liner should be used. The containment must
be designed to support radiation source transport containers used during source transfer operations without
compromising the integrity of the pool. There shall be no penetration (e.g. pipes or plugged holes) through
the bottom of the pool. There shall be no penetration through the walls of the pool more than 30 cm
below normal water level.

Means shall be provided to automatically replenish water losses from the pool. Normal water
losses are principally due to evaporation. The system shall be capable of maintaining the pool water at
a level sufficient to provide the radiation shielding necessary. A metering device shall be installed in the
make-up water supply line to indicate major changes in replenishment of water requirements that may be
associated with pool leakage.

In addition, means shall be provided to activate audible and visible signals in the control area if
the pool water falls to a level more than 30 cm below the normal make-up water level.

The pool shall be equipped with a water conditioning system capable of maintaining the water in
a clean condition and at a level of conductance not exceeding 1 000 mSv/m (10 mSv/cm). This will
reduce the possibility of corrosion of the sealed source. Extreme care shall be exercised to avoid the
introduction of contaminants into the water system; e.g., deionizer regenerants, cleaning materials,
corrosive fire extinguishing materials, spilled product.

Because heat is produced by gamma emitting sources, the resulting high humidity levels may
damage electrical equipment, the product boxes and product positioning system. When such damage is
likely to occur, an appropriate pool water cooling system should be provided. Reducing evaporation loss
from the pool will also facilitate maintaining the conductance of the water below 1000 mSv/m (10
mSv/cm) for a longer period of time before regeneration or replacement of deionizer resins is required.

A physical barrier, such as a railing and/or a metal cover, shall be installed to prevent personnel
from inadvertently falling into the source storage pool. This physical barrier may be removed during
maintenance or service operations.

Geologic features that could adversely affect the integrity of the radiation shields should be
evaluated, taking into account the physical properties of materials underlying the irradiator site or its
environs. Areas of potential or actual surface or subsurface subsidence, uplift, or collapse should be taken
into consideration when assessing the suitability of a site for an irradiator. Other factors that need not be
due to natural features (e.g. underground mining) but could result in soil instability should also be
considered.

In areas with a significant potential for severe seismic disturbance, each Category 2 or 4 gamma irradiator
shall be equipped with a seismic detector that causes the radiation source to automatically become fully
shielded should the detector be actuated. The seismic detector may be a horizontal omniaxial or a vertical
uniaxial type and shall be set to actuate at an acceleration above 0.05 g.

Fire protection. During extended periods of static irradiation of combustible materials, or when
a malfunction prevents the source from becoming fully shielded, heat buildup can lead to combustion.
Heat.and smoke sensing devices with visible and audible alarms shall be provided to detect combustion
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in the radiation room. The triggering of the devices shall cause the source automatically to become fully
shielded and the product positioning and ventilation systems to shut down. The design of the facility
should be such that fire damage of any component part will not inhibit the source(s) from returning to the
fully shielded position.

A fire extinguishing system may be provided in the radiation room. When a water sprinkling
system has been installed, provision should be made to control any overflow of water that may arise from
their use. Chemicals and corrosive substances that could adversely affect the integrity of the sealed
source(s) shall not be used in fire extinguishing systems.

Power failure. Means shall be provided to ensure that, if an electrical power failure occurs, the
source shall automatically be returned to the fully shielded position and the irradiator shall shut down. It
is also necessary to ensure that the safety control system will not be compromised in the event of a power
failure. Such electrical equipment should be designed to appropriate electrical standards.

Means shall be provided to ensure that failure of non-electrical power (e.g. pneumatic or
hydraulic) which is used to control or operate any irradiator safety feature or device shall cause the source
to automatically become fully shielded and the irradiator to shut down.

Ventilation. Ozone (O3) oxides of nitrogen and other noxious gases (for example, from certain
plastics) are produced by radiolysis. Measures shall be taken to protect personnel against exposure to
concentrations of such gases above the threshold limit values prescribed by the health authority.

Ozone, being very reactive, is readily reduced to the normal form of oxygen (O2) and, when a
large capacity continuously-operated ventilation system is used, the radiation room can normally be
entered a few minutes after the termination of irradiation.

A method of controlling personnel access until the ozone level is at an acceptable level in the
radiation room is to provide a time delay interlock mechanism which prevents personnel access doors from
being opened before a preset time has elapsed after termination of irradiation.

Warning signs and symbols. There shall be a clearly visible sign at the personnel access door
to the radiation room bearing the radiation symbol and warnings according to national regulations.

Any warning signs positioned inside the radiation room should be made from materials that will
withstand high doses of radiation and the general environmental conditions that may exist.

Clearly visible irradiation status indicators shall be provided at the control console to indicate:

(a) When the irradiation is terminated (source down or de-energized),
(b) When the irradiation is in progress (source up or energized), and
(c) When the irradiation is in preparation (source in transit position or preparing to be energized).

An irradiation status indicator shall be visible at each personnel or product entry/exit port.

Each audible signal designed into the irradiator control system shall be distinct and loud enough
to gain the immediate attention of persons in the area and should not be capable of being confused with
any other signals in use in the area.

206



Table 9.9 colours recommended for use when illuminated or colour-coded controls are used:

TABLE 9.9. COLOURS RECOMMENDED FOR USE WHEN ILLUMINATED OR COLOUR-CODED CONTROLS ARE
USED

Condition

Emergency
(stop buttons or lights)

Warning-Hazard

Critical information
(irradiation in malfunction)

Caution
(no emergency, but some function taking place to
be aware of)

Normal (irradiation not in use or function safe)

Information

Colour

Red

International trefoil or red

Red

Yellor or orange

Green

Blue

Category I gamma irradiators shall have clearly visible labels identifying the contained
radionuclides, activities, and the dates to which the source activities relate. They shall bear the radiation
symbol and warnings according to national regulations.

They shall also bear a label or labels with the following information:

1. Name and address of manufacturer.
2. Model and serial number of irradiator.
3. Approval number if appropriate.
4. Maximum source activity of irradiator.

If a separate control panel or console is utilized it shall be easily identifiable as being part of the
irradiator. When securing labels on fully-shielded irradiators, care shall be taken not to drill through the
metal container shell into the lead shield.

9.2.1.4. Special safety requirements for electron accelerator facilities

An objective of manufacturers of industrial accelerators is to design electron beam sources for
simplicity and reliability of operation. In pursuit of this, the designer must be mindful of the possibility
of a radiation accident with the possibility of severe consequences. Inadvertent exposure may result from
investigation of equipment failure and maintenance of operating accelerator subsystems with the
accelerating stages improperly or only partially disabled. As long as the acceleration capability remains
there is the possibility of X ray generation from dark currents.

While reliability of operation reduces the risk of inadvertent exposure by reducing the need for
repair and maintenance a further reduction in that risk can be achieved by designing for ease of trouble
shooting. This may well reduce the chance of other hazardous occurrences such as electric shock or
overexposure to radiofrequency radiation. Therefore, the following features should be considered in
industrial accelerator design:

(a) Positive means of disabling the main acceleration stage;
(b) Built-in machine parameter monitoring;
(c) Built-in remote machine diagnostics;
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Such a mechanism must inactivate the acceleration capability without harm to machine
components. It should disable acceleration in such a manner as to allow as many other subsystems as
possible to function for diagnostic purposes. The disabling feature must be clearly identified and explained
by the manufacturer in the accompanying documentation.

Continuous monitoring of operating parameters is essential. This offers the opportunity of event
logging of failure sequence information for maintenance engineers and planning repairs. Strategic
electronic test points must be located in the control room in order to permit operators and maintenance
crews to carry on accelerator diagnostics on the total system without resorting to the disabling of the main
accelerator system or the bypassing of access interlocks. For some types of accelerators closed circuit
television monitoring may be helpful.

For the application of high energy electrons the beam has to be brought out of the evacuated
region of the accelerator into an atmosphere at ambient pressure (air or a chamber filled with inert gas)
through a thin window in which the electrons lose as little energy as possible.

The electrons themselves have a finite range in matter which is a function of their initial energy
and the density of the absorbing material. The maximum range of the electrons is small compared to the
X rays that are generated as a consequence of the interaction between the electrons and the matter they
strike. Therefore in calculations of the shielding requirements of electron accelerator facilities, only the
generated X rays need to be taken into account.

There are two types of X rays generated by the interaction of electrons with matter:
Bremsstrahlung and characteristic X radiation. However, characteristic X radiation is only an important
factor to consider with electron accelerators up to 300 keV that are self-shielded with a heavy element like
lead or depleted uranium. In most cases bremsstrahlung is more important for radiation shielding. Low
atomic number materials should be used as far as possible for structures that are exposed to electron beams
to minimize the generation of X radiation, so long as X ray conversion is not the purpose of the operation
of the electron accelerator. Shielding calculations should be performed under the assumption that all
electrons are absorbed by the heaviest element that can be exposed to the beam. Account should be taken
of the composition of the structural materials and products that might be irradiated in the facility. The
shielding calculations must be performed for the maximum energy and the maximum current that the
electron accelerator under consideration can deliver.

Attention should also be paid to 'spurious' X radiations, particularly in accelerators operating at
high voltage levels with accelerator tubes located outside the irradiation room. There are several causes
for this spurious radiation:

(a) Backscattered electrons can possess sufficient energy to stream back through the accelerator tube.
This effect is particularly pronounced when high energy electrons impinge on a high atomic
number target for X ray conversion.

(b) During conditioning of the electron accelerator and during operation under relatively poor vacuum
conditions 'dark currents' in the accelerator tube occur which generate X rays.

Apart from self-shielded accelerators in the lower energy range (up to about 500 keV) and special
purpose machines operating at higher energies, ordinary concrete will be the preferred shielding material
for economic reasons. Examples of the calculation of the shielding thickness and the layout of the
labyrinths for access by persons and for the transport of products to and from the irradiation room are
given in IAEA Technical Report Series No. 188 and NCRP Report 51.

When commissioning an electron irradiation facility special attention has to be paid to 'hot spots',
i.e. small areas of high radiation intensity due to spurious radiation penetrating ducts through the shielding.
The neighborhood of such ducts should be shielded with lead or steel shot in order to reduce the radiation
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to acceptable levels. The experience of the manufacturer with existing installations of a similar kind should
be made available.

Other requirements. The operating parameters of accelerators (voltage, current) should be
interlocked with the product transport mechanism. Commissioning and testing should be made at
maximum operating parameters (voltage, current) and with product handling equipment under the beam
as close as possible to actual operating conditions.

9.2.2. Radiation safety programme for irradiators

The operating organization responsible for possession and use of the irradiator shall obtain from
the competent authority any approvals, permits, or authorization necessary for the acquisition, storage, and
use of the irradiator. The operating organization shall be responsible for the operation of the irradiator in
accordance with such approvals, permits, or authorizations. Any condition laid down in the approval must
be complied with.

The operating organization should appoint as a minimum at least two radiation protection officers
whose duties should include ensuring that the written administrative procedures are implemented.

The radiation protection officers play a supervisory role in assisting the organization to comply
with the requirements of the approval or regulations. They should be directly involved with the work with
ionizing radiations, preferably in a line management position that will allow them to exercise close
supervision to ensure that the work is done in accordance with the written administrative procedures. At
least one of the officers has to be available at all times, though they need not be present all the time. In
some large establishments the officer may not be the immediate line manager or supervisor overseeing the
work with ionizing radiation. In these cases a system, which involves more than one person, should
operate to ensure that adequate supervision is maintained.

The operating organization carries the general responsibility of compliance with the regulations
and the terms of the approval issued by the competent authority. It cannot delegate that responsibility to
the radiation protection officer any more than it can to the radiation protection adviser.

No persons should be appointed as a radiation protection officer unless they:

(a) know and understand the requirements of the approval and the written administrative procedures
(drawn up by the radiation protection adviser) as they affect the work they supervise;

(b) command sufficient respect from the people doing the work as will allow them to exercise the
necessary supervision of radiation protection; and

(c) understand the necessary precautions to be taken in the work that is being and the extent to which
these precautions will restrict exposures.

9.2.2.1. Training of personnel

Because qualified operators usually have the closest association with particular irradiators, day to
day responsibility for safe operation is generally theirs. Operator training, experience, attitude, and
competence will establish the degree of safety associated with operation of the irradiator.

Each operator should hold an appropriate certificate of competence and approved training which
is recognized by the competent authority, and should be familiar with the basic design, operation, and
preventive maintenance of the irradiator; the principles and practices of radiation protection; biological
effects of radiation; the written procedures for routine and emergency irradiator operation; and the
requirements of the competent authority.
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Each operator shall know the exposure rate at all areas around the irradiator. Operators shall be
familiar with area security safeguards such as locks, posting of signs, warning lights, audible and visible
signals, and interlock systems.

Each operator shall be familiar with the radiation detection instrumentation which is used and the
requirements for personnel dose monitoring as specified by the competent authority.

Each operator shall demonstrate competence to use the source of radiation and its related
components, and to maintain the required operation logs and records. Operators shall be familiar with the
overall organization structure pertaining to management of the irradiator, including specific delegations
of authority and responsibility for operation of the irradiator.

The operating organization shall ensure that those of its employees who are engaged in work with
ionizing radiation receive such information, instruction and training as will enable them to conduct that
work in accordance with the requirements of the written local rules.

Examples of the topics in which they should be trained include:

(a) The nature of ionizing radiation;
(b) The health hazard from such radiation;
(c) The basic principles and methods of protection (shielding etc.);
(d) A basic understanding of how to measure radiation fields and the units of measurement;
(e) A clear understanding of the plant safety systems and the warning signs and signals and any

actions to be taken;
(f) A clear understanding of how to operate the plant safely.
(g) A clear understanding of the actions to be taken in emergencies.

Training must be reinforced regularly and updated when necessary. An annual review of staff
training should be undertaken. Arrangements should be made to ensure that all new staff receive the
required training and that the training needs of staff affected by any internal reorganization are reviewed.

It is the role of the radiation protection adviser to provide advice on staff training needs and how
best those needs may be satisfied. In many cases he should be able to provide much of the training that
is required.

The training discussed above is in addition to that required to operate the facility safely. Such
training will in general be provided by the manufacturer or supplier. All workers entering controlled areas
shall carry appropriate personal dosimeters. In addition at least one audible personal alarm shall be carried
by person(s) entering controlled areas. The monitoring of workers including the type of dosimeter and the
frequency of replacement should be chosen in consultation with the radiation protection adviser.

The results of personal monitoring measurements shall be recorded and reported as required by
the competent authority. When visitors are permitted to enter the irradiator, they shall be escorted by a
qualified operator who shall have surveyed the area immediately prior to the visit.

9.2.2.2. Quality control

The operating organization shall ensure that all safety functions are regularly tested by setting up
a formal programme of maintenance and testing to ensure the continued safe operation of the facility. The
following recommendations are made:

Particular attention must be given to regular testing of safety interlock components for correct
operation, according to the instructions of the equipment manufacturers. These tests shall be
carried out by appropriately qualified persons and should be undertaken in the presence of a
radiation protection officer.
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Portable radiation meters shall be calibrated before they are first used, after repair and at intervals
specified by the competent authority. The pre-use test should include a test of the instruments
overload performance i.e., it should operate correctly up to the maximum credible dose rate it may
encounter.

Periodic examination of the hoist cable and guide cables shall be done and they shall be replaced
as required by existing national regulations or at intervals recommended by the manufacturers.

Periodic leak test of the radiation sources in a manner and at a frequency determined in discussion
with the source supplier and plant manufacturer and in accordance with national requirements.

The following tests should be carried out weekly:

Check that the continuous radiation monitoring device on the pool water circulating system is
functioning correctly (in the case of Category 4 gamma irradiation facilities).

Analysis of samples of pool water taken from the circulating system by a well regulated national
laboratory (a less frequent analysis may be appropriate if experience allows this).

Check the water filter for correct operation and contamination.

Check the emergency stop button on the control console, emergency stop device inside the
radiation room, door interlock, and in the case of wet irradiators, water level control, low pool
water interlock, and water treatment system for correct function.

Attempts should also be made to operate the irradiator after deliberately violating the approved
start-up procedure to ensure that the interlocks and sequential controls are functioning correctly.

The following additional but separate tests should be carried out monthly:

Test that the radiation room monitor is functioning properly by exposing the monitor probe to a
check source until the alarm sounds.

Check, in accordance with the manufacturers instructions, the safety control systems that prevent
access to the radiation room when there is any radiation present.

With the irradiator operating, test that the product exit monitor is functioning properly by
exposing the monitor probe to a check source until the alarm sounds. The product exit conveyor
shall stop and the source shall automatically become fully shielded. In the case of electron
accelerator facilities, the radiation shall switch off.

Test the source exposure mechanism, the ventilation system, and similar hardware which
contribute to the safe operation of the irradiator and its related product positioning mechanism.

Check that other main items of equipment associated with the source movement and control
function properly and show no signs of potential failure.

Check that all product containers are in good and undamaged condition.

NOTICE: If any of the checks indicate a fault or interlocks do not function properly,
the irradiator must not be used until repairs are accomplished!

On a semi-annual schedule (or at other approved intervals) inspection of the source movement and
suspension system should be carried out. This should include the entire length of the cable. Any necessary
replacement of the cable should be planned and carried out.
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Leak test criteria. If the test results are considered negative, no action other than record-keeping
is required. Tests which reveal the presence of contamination on the test sample shall be considered,as
evidence that the sealed source is leaking. In this event, the irradiator shall be immediately withdrawn
from service and appropriate action taken to prevent exposure of personnel and further dispersal of
radioactive material. The operating organization shall immediately notify the competent authority and
should notify the manufacturer of the equipment and the supplier, of the sources that an incident has
occurred which might have caused or threatens to cause a radiation hazard. Under no circumstances shall
unauthorized or untrained persons attempt to examine or, decontaminate the irradiator.

A contamination test report should contain the following information:

(a) Identity of the irradiator by manufacturer, model, serial number, and type(s) of radioactive
material.

(b) Location of irradiator.
(c) Date of test.
(d) Test sample collection method.
(e) Measuring instrument identification by manufacturer, model, and serial number.
(f) Date of the most recent measuring instrument calibration.
(g) The correction factors, if used, to compensate for measuring instrument variables and

environmental conditions.
(h) The conversion factor(s) used to convert to activity for the type(s) of radioactive material under

test.
(i) Measuring instrument reading of test sample,
(j) Measuring instrument background reading,
(k) Calculation of activity detected.
(1) Evaluation of test results,
(m) Action taken,
(n) The identity of the individual responsible for the test.

Levels of contamination are specified in international publications but where national standards
exist then these levels should be observed, e.g. AECB specifies that levels of less than 2 kBq may be
considered negative, British Standard 5288 recommends 185 Bq as the limit below which the
contamination test may be considered negative.

Record keeping. A log book or file shall be kept in which all tests, maintenance tasks,
modifications, or changes to the irradiator shall be recorded. All use of the irradiator shall also be recorded
in a log book or file. The results of all tests described in the previous section must be recorded on a
formal check list signed by the radiation protection officer who has witnessed the tests.

Since failure of the safety systems could cause radiation exposure to personnel the compliance
inspectors from the competent authority will pay particular attention to these records. The records should
be kept for such periods of time as are prescribed by the competent authority. The operating organization
shall notify the competent authority and supplier and obtain approval from the competent authority prior
to any modifications which may cause a radiation hazard. Some examples are:

(a) Modifying operating procedures.
(b) Modifying the safety control system.
(c) Major modifications of the irradiator.
(d) Source loading; replenishment, removal or redistribution, or electron beam orientation in any way

at variance with the agreed approval.
(e) Changes in supervisory personnel or advisors.

The operating organization is not required to notify the competent authority when performing
routine maintenance procedures, including the changing of components, which will not cause a radiation
hazard or compromise the safety of the irradiator, provided approvals conditions are not violated.
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9.2.2.3. Operating procedures

Safe operation of a facility will depend on the operators following clearly defined procedures laid
down by the manufacturer or supplier and approved by the competent authority. Suitably trained and
qualified persons will need to be employed by the operating organization and in some countries such
persons will only be allowed to operate the facility if specifically approved for that purpose by the
competent authority. Such persons are referred to as 'authorized personnel'. Although the following
requirements relate to authorized personnel they apply equally to all persons who operate the facility
whether or not they have been specifically authorized by the competent authority.

The operational instructions shall be fully understood by the authorized personnel and should
include, as a minimum, the following:

(a) A reminder of the nature of the hazard posed by the facility and the safety features used to
minimize the risks.

(b) A reference to the existence and location of the written emergency procedures.
(c) A description of the safety organization including the functions, duties and responsibilities of the

radiation protection adviser and officers.
(d) The method of implementing the operating instructions and assuring that the facility is being used

safely on a continuing basis. This should include:
(i) A description and schedule of the inspections and test procedures for ensuring that all

safety interlocks, devices and components associated with the irradiator are functioning
properly. Each safety item and the appropriate test, check, and inspection for it should be
specified.

(ii) The requirement that the operating procedures be available at the control station and that
the emergency procedures be conspicuously posted in the area.

(e) The method of assuring that all persons entering the radiation controlled area wear proper
radiation monitoring devices and that the results be recorded.

(f) The method(s) of assuring that only authorized persons (qualified operator) can use the irradiator
or have access to the area. This can include controlling keys to the door into the room containing
the irradiator control console, controlling operating console keys, or other positive methods of
excluding access.

Written instructions shall also be provided covering action to be taken in the event of machine
malfunction and should include a general outline of the action to be taken by people who are notified of
a machine malfunction, correction of which may involve the source. It should be made clear that remedial
action in situations involving work around the irradiator should be attempted only by persons specially
trained in radiological safety who are authorized to perform such services and under their direct or indirect
supervision. Entry to the radiation room should never be made by one person alone in such situations.

9.2.2.4. Emergency response planning

Accidents have occurred in irradiation facilities. When an accident occurs, depending on its
characteristics workers and members of the public may be exposed to radiation and other health and safety
hazards.

Adequate written emergency procedures shall be prepared and this can only be done after a formal
assessment of hazards has been carried out. The final responsibility for preparing the procedures lies with
the operating organization. The operating organization is also responsible for liaison with emergency
authorities and other bodies who are quoted in the procedures. The purpose of this liaison is to ensure that
all parties understand the hazard and are aware of the requirements of the emergency procedures. In the
event of an accident it is the duty of the operating organization to initiate the emergency procedures and
co-ordinate the initial response of the emergency services and other bodies and to inform the competent
authority and the radiation protection advisers.
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Experience has shown that the most likely events leading to significant radiation exposure and/or
contamination are:

(a) a jammed source with the source assembly failing to - return to its shielded position;
(b) part of the source assembly detached and left in an unshielded position;
(c) malfunction or deliberate defeat of the safety control system;
(d) leakage of the source;
(e) fire inside the shielded room.

The most significant accidents can occur when a worker enters or remains in the irradiation room
when the irradiation process is going on. Very severe injury or death must be expected as a consequence
of such an accident.

In the case of gamma facilities, the possibility of accident situations due to contamination must
also be considered. In those cases, although the overexposure may be less severe it may involve many
more people, mainly workers, but also members of the general public.

Following an accident it is necessary to:

(a) Limit radiation exposure, both individual and collective.
(b) Regain control of the situation in order to restore the site to its normal conditions.
(c) Treat the injured and overexposed.

Emergency procedures should be written for each type of emergency that may reasonably be
foreseen. These should be concise, easily followed instructions. They should describe what will be
indicative of a situation requiring emergency action, specify the immediate action to be taken to minimize
radiation exposure to persons in the vicinity of the irradiator, and allow for the development of the written
contingency plan for effecting entry to the irradiation room.

They should also include the name and telephone number of the person(s) to be notified to direct
remedial action. For example, police, fire brigade, company doctor, hospital, radiation protection advisers,
competent authorities and manufacturer/designer. The procedures should also include the name and
location of an employee who is responsible for communication with the media and the public. The list
of these names and telephone numbers should be displayed in a prominent location adjacent to the
irradiation facility.

Any incident shall be reported to the competent authority according to a time schedule to be fixed
in the approval depending on the severity of the incident. Incident reports should be evaluated by the
competent authority so that any lessons can be learnt and,if necessary, improvements made to safety at
all existing facilities. Special attention should be given to precursor events that have the potential to lead
to more severe incidents.

Special problems with gamma radiation facilities. The appropriate method of removal, transfer,
or disposal of a damaged or leaking source will be dictated by circumstance, but the following procedure
is generally applicable:

If an actuator suspected source leak has occurred, the use of the irradiator shall be terminated and
a decision taken as to the desirability of closing down the water circulation and air ventilation systems to
prevent the spread of contamination and exposure of workers.

The affected area shall be isolated and contact shall be made to the following for assistance, as
appropriate: the competent authority, the manufacturer of the device, the supplier and the installer of the
source (if different from the manufacturer of the device), a person authorized to remove the defective
source. Special permission to remove and transport the source shall be obtained from the competent
authority.
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Removal of the defective source should be prompt once the decision is made and shall be
performed by, or under the supervision and in the physical presence of, person(s) authorized by the
competent authority.

Contaminated material generally results from a leaking source. Under no circumstances shall any
contaminated material such as water, filter medium, resin, or components be removed, transferred, or
disposed of without the express permission of the competent authority. Disposal of contaminated material
shall be performed by, or under the supervision and in the physical presence of, person(s) authorized by
the competent authority.

During the operation of gamma facilities situations may arise when the source rack remains fully
or partially unshielded due to malfunction of the source movement system. Causes of such events may
be technical failures in the source movement mechanism itself or the damage of the source rack by
product boxes. The remedial actions in such situations should principally proceed in the following way:

(1) Ensure that access to the irradiation room remains impossible for any person.
(2) Prevent combustion of products due to the excessive heating of the product boxes (e.g. by

increasing the ventilation).
(3) Inform the radiation protection adviser and officers, plant management, competent authority and

manufacturer if necessary according to the established reporting procedure.
(4) Assess the position of the source by examining external indicators and by measuring dose rates.
(5) Develop a remedial action plan taking into account the specific source movement system, its

components, the design of the facility, the information gathered so far concerning the possible
cause of the incident, the possibilities of introducing additional portable shielding components, the
possibilities of using special tools to provide for a certain working distance from the source, or
remotely controlled devices and the doses that would be received by radiation workers.

(6) Ensure that all remedial actions that can lead to a radiation exposure have been approved
by the competent authority.

These measures are intended as guidance. Each incident will need to be dealt with cautiously and
on a case-by-case basis.

Emergencies involving high accidental personnel exposures

Planning for emergencies involving high accidental exposures should be made in accordance with
the IAEA Safety Series Publications - Emergency Planning and Preparedness for Transport Accidents
Involving Radioactive Material (Safety Series No. 87, 1988) and Emergency Planning and Preparedness
for Accidents Involving Radioactive Materials Used in Medicine, Industry, Research and Teaching (Safety
Series No. 91, 1989).

9.2.3. Licensing and inspection

An essential part of radiation protection for any use of ionizing radiation is a regulatory
programme enforced by the competent authority.

Control of irradiation facilities can be achieved by systems of notification, registration or licensing.
The system used will depend on the legislation in place in any given country. The most common system
of regulatory control is that of licensing or approval and it is this system that is described in detail here.
Irrespective of the system of regulatory control used, it must be recognized that the prime responsibility
for safety rests with the person undertaking the particular task be it design, installation, operation,
maintenance or decommissioning.

A regulatory system must be in place prior to an application for approval to build a facility
in a particular country. The consequences of non-existent or poor regulatory control can be serious
and may result in hazardous conditions which may remain undetected for long periods of time.
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This chapter deals first with the approval process and then with regulatory inspection and
enforcement.

9.2.3.1. Pre-licensing site review

The control over radiation safety in siting, design, construction, commissioning, operation,
maintenance and decommissioning of the irradiation facility can be maintained through governmental
licenses or approvals that authorize actions and place conditions on the applicant. In such circumstances,
the applicant is required to specify his intentions and the radiation protection and safety implications. A
primary task of the competent authority is to review and assess the material provided and any other
material that is relevant to determine whether approval should be granted.

The major stages of the approval process shall encompass the regulation of siting, design,
construction, commissioning, operation and decommissioning.

The approval process should be considered as ongoing, starting at the site planning and feasibility
study stage and continuing through to decommissioning of the irradiation facility. In some cases it may
be appropriate to issue a site approval independently of the type of facility to be installed. However,
before an approval is issued for the construction of the plant a detailed radiation safety case shall be
submitted by the applicant and reviewed by the competent authority. Detailed review and assessment of
the design and site characteristics should take place before construction. Approval procedures vary and,
depending on the national practices, the first formal approval action may be the acceptance of the safety
case and the issuance of a construction permit. Further approvals of the facility may then be required at
the commissioning stage and prior to operation.

The fact that an approval has been granted should not preclude a change in the approval during
the period of its validity. The modification of an approval may be desirable or necessary as a result of
experience gained either during operation of the irradiation facility or elsewhere, as a result of
technological innovation, or as a consequence of research and development with respect to radiation safety.
Such modifications may be initiated by the applicant, or- the change may be imposed by the competent
authority.

9.2.3.2. Safety review

A primary basis for the review and assessment of the radiation safety implications of the proposed
plant is the information contained in the various safety reports and related documents submitted by the
applicant. The competent authority shall satisfy itself that:

(a) The applicant has acquired and supplied whatever information is deemed necessary to demonstrate
that the irradiation facility can be safely sited, constructed, commissioned, operated or
decommissioned.

(b) The information contained in the reports is in compliance with the requirements of all applicable
rules and regulations.

(c) The information contained in the applicant's reports is accurate. It may do this in particular by
independent checks of design, by analytical methods and calculations, and by inspections.

(d) In the light of current technology, the engineering solutions, and in particular any novel solution,
are feasible and capable of achieving the design objectives with regard to radiation safety.

During construction, the competent authority shall review and assess:

(a) On a systematic basis, the construction of the plant at predetermined stages to ensure that the
construction takes place according to the design specification and safety is not compromised.

(b) Any proposed changes of the approved design in terms of their possible impact on the safety
aspects of the plant.

216



Before approving the loading of sealed radioactive sources or initial operation of electron beam
equipment the competent authority shall complete the review and assessment of:

(a) The irradiation facility, as constructed.
(b) The results of the commissioning tests so far carried out.
(c) The adequacy of operating instructions and procedures, and emergency arrangements both on and

off-site.
(d) The records to be kept and the reports to be made both internally and to the competent authority.

These records and reports will include such matters as operating practices, radiation doses to
personnel, accountability of radioactive sources and malfunctions of safety control systems.

(e) The training and qualifications of personnel and the arrangements for further training and ensuring
that adequate standards of training are maintained.

(f) The quality assurance programme for equipment and procedures.
(g) The arrangements for periodic testing, maintenance, inspections, control of modifications and

changes to specifications, and surveillance.

9.2.3.3. Inspection

During the operation of the irradiation facility, further review, assessment and authorizations by
the competent authority may be required in the light of advances in radiation safety technology or as a
result of operating experience. When such advances or experiences indicate changes in operational limits
and conditions or in safety equipment and procedures, the competent authority shall review and assess the
proposed changes prior to authorizing their implementation.

The principal objectives of regulatory inspection and enforcement are to ensure that:

(a) Persons responsible for the siting, design, construction, commissioning, operation, maintenance
and decommissioning of an irradiation facility possess the necessary competence for the efficient
discharge of their functions.

(b) The quality and performance of components, structures and systems required by the competent
authority are achieved and maintained by the applicant.

(c) All specifications,codes and practices proposed by the applicant and accepted by the competent
authority for siting, design, construction, commissioning, operation and decommissioning of the
facility are complied with.

(d) Any deficiencies in equipment and procedures are corrected by the applicant without undue delay.
(e) Experience particularly from operations and decommissioning is fed back to the competent

authority.

The competent authority is responsible for regulatory inspection, by which it satisfies itself that
the applicant is fulfilling the requirements and conditions set out in the pertinent regulations and in the
approval; and for enforcement of those requirements and conditions.

The competent authority shall plan its regulatory inspection programme to assure itself that
irradiation facilities are constructed in conformity with the designs approved, that all safety related
structures, components and systems of the irradiation facility are of the required quality, that approved
operational procedures are being followed and that the personnel are competent to operate the facility
safely.

Regulatory inspection, both announced and unannounced, by the competent authority shall be an
activity that continues throughout all stages of the approval process. For this task it may be convenient
for the competent authority to utilize the services of consultants to advise it on any deficiencies in
equipment and procedures, but the responsibility for enforcement remains with the competent authority.

Continuing co-operation of the applicant with the competent authority is essential to ensure that
regulatory inspection and enforcement functions are effectively and efficiently carried out. Regulatory
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inspections shall be performed in all the areas of regulatory responsibility and will be concerned among
other things with discharging the following functions:

(a) Regulatory inspections of the site to facilitate the evaluation of the data submitted by the
applicant.

(b) Regulatory inspections of operating organizations and, where appropriate, supplier activities during
construction to confirm that the construction conforms to the requirements of the construction
approval, and to obtain data necessary for continuing review and assessment of the proposed
irradiation facility.

(c) Ensuring the effective implementation of the quality assurance programmes and performing such
independent studies and tests as may be necessary.

(d) Assessing and approving changes to the programmes for quality assurance.
(e) Reviewing and or observing the conduct and results of commissioning tests prior to approval of

operation.
(f) Checking that the operation of the facility meets all the conditions of the pertinent regulations and

of the operating approval, and that the facility is well maintained.
(g) Reviewing the results of periodic tests, surveys, maintenance programmes, personal dosimetry and

medical surveillance carried out during operation.
(h) Checking the emergency plans and preparedness, conducting a survey of the availability and

appropriateness of emergency equipment and witnessing the emergency drills.
(i) Preparing reports on its regulatory inspection activities.
(j) Carrying out regulatory inspections during decommissioning to ensure that the facility is

decommissioned safely and is maintained in a save and secure condition.

9.2.3.4. Enforcement

It is essential that the competent authority be given adequate power to enforce compliance with
the relevant regulations and approvals, including authority to require an operating organization to modify
or correct any aspect of a procedure, practice, system, structure or component, or to cease operation, as
necessary, to ensure safety. Minor deviations from or violations of pertinent regulations or of approval
requirements, or unsatisfactory situations, may occur during the course of siting, construction,
commissioning, operation, maintenance and decommissioning. In such circumstances, the competent
authority should issue a written warning or directive to the responsible organization. It should specify the
nature and regulatory basis of each violation and the period of time for taking corrective action, and may
provide guidance on the nature of the corrective action. This is the most common form of enforcement
action and should in most cases suffice to remedy the non-compliance. In the event of chronic or
extremely serious non-compliance with approval conditions or applicable regulations that may lead to
serious malfunction or damage of the facility or compromise the radiation safety, the competent authority
shall suspend or revoke the approval.

9.3. SAFETY OF GAUGING DEVICES

One of the most widely used applications of radioactive material used today is that of sealed
sources for use in devices needed for various types of process control measurements. Generally, gauging
devices are sensors that can indicate when a vessel is full or empty, whether the appropriate thickness of
a material has been applied or what the density 'thickness' is of material inside a pipe. Nuclear gauges
can be fixed or portable, depending on the application type. Although gauging devices can provide a
read-out of the specific information needed for any one process, the operator must still apply some
corrective action to the process measurement based on the sensor output. These systems provide
information from which an individual must make a decision.

9.3.1. Introduction to nuclear gauges

Gamma gauges. Gamma gauges are the most widely used devices of those processes discussed.
Because radioactive decay is a random process, any measurement made with radiation exhibits the
statistical variations associated with these random processes.
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For this reason, instantaneous readings are of little value—the measurement must be made over
some period of time to obtain acceptable repeatability. Selection of a radioisotope for a particular
application is based on its emission energy, its half-life, the overall cost, and the predominant method of
interaction with matter. Table 9.10 lists the half-life and energy for some common radioisotopes used in
industrial gauges.

TABLE 9.10. HALF-LIFE AND ENERGY FOR SOME COMMON RADIOISOTOPES USED IN INDUSTRIAL
GAUGES

Isotopes

Americium-241

Caesium-137

Cobalt-60

Half-life

458.0 years

30.0 years

5.2 years

Energy

0.060 MeV

0.662 MeV

1.17 MeV
1.33 Mev

What is actually being measured is the change in radiation from some reference condition. For
example, consider a detector and a radiation source positioned to transmit through a process material as
shown in Figure 9.10.

MATERIAL

SOURCE

MEASURES
RADIATION
INTENSITY I

FIG. 9.10. Radiation absorption.

When material is interposed between the source and detector, a portion of the gamma radiation
is scattered and/or absorbed, so the radiation reaching the detector is reduced. For a well collimated bean,
the amount of radiation reaching the detector can be calculated using the formula shown in Figure 9.11.

with I radiation intensity at the detector,
radiation intensity at the detector with no material present,
mass absorption coefficient of the material,
density of the material, t - thickness of the material.

FIG. 9.11. Density gauge.
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Any change in the components of the exponent cause changes in radiation intensity received at
the detector. In practice, the thickness of material is fixed by design and the mass absorption coefficient
varies little for different materials in the energy region of the gamma emitter being used. These factors
become less important after calibration when changes in current output represent changes in density.

In a typical gauge installation, the source and detector are mounted externally to the pipe or vessel;
hence, there is no physical contact with the process. The process material may be corrosive or abrasive,
and perhaps at very high or low temperatures. In many such applications, the gamma gauge is often the
only practical method of making the desired measurement. In all cases, installation and maintenance may
be performed without interruption to the process.

Besides the very common density gauge, other wide spread applications include the point level
gauge (Figure 9.12), where a determination is made of level in a process vessel, usually in a transmission
geometry. Also in Figure 9.12 the current output is shown as a step function. Specifically, sufficient
radiation is either received at the detector or not.

DETECTOR

SOX 100%

L£VEL

FIG. 9.12. Point level gauge.

Another common application is the continuous level gauge (Figure 9.13). This is the continuous
measurement of the level of material over a fixed distance or span, and the current output appears as
shown.

To comment on radiation safety or good safety practices for these specific devices, consider that
only rarely do inadvertent exposures occur with density gauges. Density gauges are generally
close-coupled around a pipe, most often less than 45 cm in diameter, and unless the gauge is removed by
individuals, it is almost impossible to get any radiation exposure. Most inadvertent industrial exposures
occur from point level devices. These devices are extremely reliable and often remain mounted for years,
operating without problem. There are some instances, however where an individual will enter into a
vessel to perform maintenance and later discover that the shutter remained open. However, even with the
shutter open, the intensity of these sources is so low and the beams so well collimated, that any significant
dose to the whole body is extremely unlikely. To give an idea of the radiation fields, many of these
detectors will operate well and reliably at between 1-10 u.Gy/h.

Beta Gauging. Most beta gauges work in the transmission geometry, but a few applications
utilize a backscatter geometry. In either case, the isotopes of choice are usually energetic beta emitters
such as Sr-90 or Kr-85.

For example, beta transmission gauges are used to measure thickness, aluminum, or very thin steel
thicknesses, due to the requirement for energy loss in very thin materials (Figure 9.14).

Generally, beta gauges have a close coupling (i.e., very little distance between the source holder
and the detector), and usually involve some type of scanning process across the web.
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A second very common application is a coating thickness measurement (Figure 9.15). Coating
thickness applications can be done with differential measurements. One uses two sources and two
detectors, relying upon the differential radiation absorption causing different outputs in Detector 2 vs
Detector 1.

A third measurement is illustrated in Figure 9.16. The coaxial mounting of the source and
detector provides a reading on the intensity of the beta radiation from the plate material, either an
increase or a decrease may be noticed in the radiation intensity, due to the plating thickness variations.

Gamma gauges are designed to penetrate meters of material using high energy gamma emitting
isotopes and therefore, the radioactive material can be contained in heavy walled stainless steel capsules
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FIG. 9.13. Continuous level gauge.
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FIG. 9.14. Beta transmission thickness control.

SOURCE I SOURCE 2

/ \

COATING

\

LA
DETECTOR 2

FIG. 9.15. Coating thickness.
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FIG. 9.16. Beta backscatter film thickness measurement.

of extremely high integrity. On the other hand, beta sources require a very closely coupled geometry
utilizing relatively thin windows over the source and detector. Clearly by design, if it can measure
thickness variations in thin materials, the radiation will not penetrate thick windows if they were used in
source construction. Therefore, the beta source needs more protection from the environment, i.e., shock,
vibration, etc.

Also, in design and construction one must consider radiation fields. Gamma radiation travels long
distances, and therefore a radiation safety concern could be for personnel getting into the beam between
the source and the detector. Because the beta source and detector are so closely together, possible
exposure would most likely be limited to an extremity dose (i.e., a hand). Clearly then, the intended use
of the device will dictate the safety problem, if any, associated with safe possession and use.

Neutron gauges. These devices contain another type of isotopic source which emits neutron
radiation. Recall that no radioisotope decays by neutron emission except for a few heavy elements that
have spontaneous fission rates. The most popular neutron source would be fabricated by intimately
mixing an alpha emitter like Am-241 or Pu-238 with a target material like Be, B, Li or O. From the
nuclear reaction of the energetic particles (i.e., an alpha particle with a low Z atom), one will generally
create a nucleus which will decay and spin off a neutron. This neutron can have energies from a few
electron volts (eV) to several MeV. The average neutron energy spectrum from these sources ranges from
approximately 1 MeV for Li or B to as high as 4.5 MeV for Be depending on the target material.

One caution concerning the utilization of neutron gauges. Although not that adequate, in order
to assess dose from the alpha emitter in a neutron-alpha mixed source, it is important to know the
conversion rate between the alpha particles and the emission rate of the neutrons. For approximation,
assume about two million neutrons per second is emitted per curie of alpha emitter from a well-made
source with Be as the target material.

Neutron emitting devices are used almost exclusively in three areas. The first area is the detection
of hydrogen. For example, a hydrogen bound may be detected as a water molecule and therefore
quantitatively measured as moisture in a material. These systems can be used to measure and control the
dry weight of a material, such as a liquid (i.e., coke) fed to blast furnaces from weigh hoppers.

In this case, the sensor is mounted on the wall of the hopper (see Figure 9.17). High-energy
neutrons from the source pass through the wall into the material where they are scattered by repeated
collisions with the nuclei of atoms in the material and/or oxygen and hydrogen nuclei in the moisture.

High energy neutrons lose little energy in collisions with carbon or oxygen nuclei, but they
experience great loss of energy in collisions with hydrogen nuclei. Thus, the presence of hydrogen results

222



Fast-neutron
source N ^

' I :•
low-neutron .:

Vapour

Oil

.•;.;/.Water •;•;/.•.;/

-

-

OETECTOfl
OUTPUT

?o

10

-0

1— x
yDil/Water interface

i ^U)il/Vapour interface

| >
•o ?0 x «o M

OiS 1 *NCE FROM BASE Of VESSEL

FIG. 9.17. Neutron backscatter moisture application.

in the production of low-energy neutrons in numbers proportional to hydrogen concentration, that is, to
moisture concentration. Some of the low-energy neutrons are reflected to a neutron detector in the head.
The detector, which is by design most sensitive to low energy neutrons, produces an electrical pulse or
'count' for every neutron that is detected. Thus, the counting rate is a measure of moisture concentration.

The second use for neutron gauges would be for the detection of hydrogen bound in hydrocarbons.
This system also usually works in a backscatter-type geometry (Figure 9.18). High energy (fast) neutrons
from the sensor pass through the vessel wall and lose energy by collisions with the nuclei of the various
elements in the process material. Since the mass of the hydrogen nucleus is very close to that of the
neutron, it takes only a few such collisions for the neutron energy to be degraded to a very low (i.e.,
thermal) level. Some of these thermal neutrons are scattered back into the He-3 detectors in the sensor
which produce corresponding electrical pulses. The rate at which these pulses are produced is proportional
to the hydrogen density of the material in front of the sensor.

The third major application of neutron activator analysis is in the area of industrial process control,
as used, for example in the mineral processing industry. Key elemental constituents of a process stream
may be determined rapidly and accurately for immediate feedback to the process control system. The high
penetrating power of neutrons and gamma rays allows representative analyses to be made through
relatively thick container walls, with comparative freedom from matrix or particle size effects.

A typical system is shown schematically in Figure 9.19.

There are few safety considerations associated with neutron emitting devices. The most important
is to keep the radioisotope contained, since it is generally a heavy element alpha emitter. However, since
neutrons can pass through many high density materials relatively easily, the source capsules are often thick
walled with very high integrity. The radiation levels around these devices are generally very low. Just
a few feet from an unshielded source, one would have radiation levels less than a few millirem per hour.
Only neutron activation will use sources large enough to produce significant dose rates and typically emit
the order of 107 - 10s n/sec, at the source. However, those sources are contained in relatively large,
complex, expensive devices located in a single area and usually not subject to harsh environments.

X ray fluorescence (XRF). As discussed earlier in Chapter 4, XRF is most commonly used in
the industry for elemental analysis of a substance. The technique used in this analysis is called
non-dispersive or non-destructive X ray fluorescence spectrometry (Figure 9.20).

Isotopic X ray fluorescence will contain relatively small quantities (a few millicuries to a few
hundred millicuries) of the radioisotope. However, many of these devices use isotopes which emit
relatively low energies and the sources, therefore, can have construction materials from stainless steel
down to very thin Beryllium windows. One must evaluate the source construction in order to assess the
possibility of damage given certain environmental factors. These devices are usually well shielded,
operate in very close geometries and provide little likelihood of external radiation exposure to individual
operators.
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Only a few of the types of industrial applications routinely using radioactive material have been
discussed. There are many other specialized versions of the same principles: transmission gamma gauges
to measure wall thicknesses in pipe; a density gauge to measure the efficiency of dredge operations;
density gauges to measure mud density of a well casing; and portable density gauges for measuring
compaction and/or moisture in soil, or moisture on a roof. In addition, there are traversing level gauges,
insertion source devices, and neutron devices working in a backscatter geometry to measure hydrocarbons
in explosives. The specific use of the device and the energy of the radioisotope will tell us what the
safety considerations should be.

9.3.2. Safety in gauge design and testing

The use of devices containing radioactive material is generally very beneficial to production
processes, whatever they might be. Any regulatory system should be set up to encourage the use of
nuclear devices. They will make measurements in a non-contacting mode which usually cannot be made
any other was.

In most cases, gauge design-differs and depends on many different factors. Market forces drive
the need for a nuclear device, the design, and the cost of that device. The amount of safety that can be
built in is often determined by the cost. Every company is in favor of safety and integrity of source
heads, but the major concern is how these safety features affect cost.

One cannot sell safety. Everybody listens to it, everybody agrees they like the idea, but the
bottom line is that customers will usually buy the lowest priced unit. Even complex regulatory systems
do not always support safety when the term safety is used in a generic sense. One can consider, for
example, the approval of sealed sources containing powdered caesium chloride or caesium sulfate; or
putting lead-filled source heads in very high temperature situations such as continuous casting, etc. when
uranium would be a much better shield, but is much more expensive.

In evaluating desires for gauge design, the major uncontrollable variable is environmental
conditions. It is always very difficult to project the environmental conditions to which any one gauge will
be subjected, so gauges must be designed so as to anticipate any misuse or abuse that it could be subjected
to during its working life.

In many cases, experienced users of devices will dictate major changes to manufacturers in gauge
design. For example, many manufacturers fabricate all gauge heads that contain a shutter, with the shutter
area totally enclosed (Figure 9.21).

Major problems with this particular design began to occur in the field. Over long periods of time,
materials and debris caused the shutters in these devices to stick, because originally these heads were never
completely sealed the enclosed shutter area. A stuck shutter often required a serviceman to supervise the
takedown of the device, disassemble and repair the gauge, or ship it to the factory for repair, followed by
reinstallation. This is a relatively expensive operation to the user, and as most manufacturers found, most
users were not authorized to take the gauge down and repair the shutter area themselves.

On the other hand, users and regulators liked the appearance of the enclosed shutter area. It
precluded individuals from 'inserting hands and/or other critical body parts into the beam'. A solution
to this problem is illustrated in Figure 9.22. This arrangement enables the customer, if building up in the
shutter area occurs, to leave the device in place, thereby precluding access to the beam by his personnel;
while at the same time personnel can clean and/or repair the shutter and slide as part of a periodic
maintenance programme. Manufacturers of this device have stated that this have never had to remove one
of these devices or return it to the factory for repair of a stuck shutter.

While talking about shutters and/or ways to reduce radiation intensity, recall that a source radiates
in all directions with equal probability, and the beam is generally collimated by installation of large
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FIG. 9.22. Typical head with enclosed shutter.

amounts of material in selected directions. However, there are other procedures used to shield or reduce
the beam intensity from a gauge.

Figure 9.23 shows the movement of the source from one position to another by rotating it. In this
case, the source is on a wheel which is rotated around near the working face, or in its stored position
moves 180 degrees to the center of the source head thereby reducing the radiation output.

Figure 9.24 shows an enclosed shutter area where the source is shielded by rotating the collimator
90°. However in this application, a good seal was obtained, thereby keeping the shutter area clean.
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FIG. 9.23. Typical head with movable source.
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FIG. 9.24. Strip source head with enclosed shutter.

Figure 9.25 depicts the most common use of radioactive material in industry; a source head
containing a gamma emitting isotope with a beam geometry and the detector in transmission.

The catastrophic event of concern is the spread of loose radioactive material. That problem is
almost universally addressed in design by the manufacturer. Generally, radioactive material is in the
highest integrity form available with current state-of-the-art. Presently this can be accomplished by
incorporating the isotope in a ceramic sub-strait. Additionally, the isotope is further encapsulated in
stainless steel and most competent gauge manufacturers will enclose it in another level of protection; for
example, sealing the source holder apertures with stainless steel press plugs. For more than twenty years,
industrial gamma gauging devices have been exposed to almost any conditions imaginable, without a
source failure.

SOURCE
HEAD SHUTTER

DETECTOR

SOURCE

(1) Source head - usually a rather massive shield of lead or steel.
(2) Source - usually a stainless steel cylinder containing the radioactive material.
(3) Shutter - thick metal device to shut off the beam of radiation.
(4) Detector.

FIG. 9.25. Construction detail dictated by safety considerations.

The form of the material and its encapsulation is also dictated by the intended use of the device,
which further dictates environmental conditions of that use. The only successful way to ensure that the
integrity of the device meets or exceeds environmental conditions of use, is to rely on the integrity of the
manufacturer not to ship or supply devices into environments the devices will not fully operate in. That
decision can only be based upon the track record of the manufacturer. The good side is that it is very
difficult to get any 'biologically significant' dose in a radiation field of an industrial gauging device.
Detectors are very sensitive, sources are relatively small in activity and fairly well collimated, and
individuals who inadvertently get into fields, generally do so for fairly short periods of time with relatively
small areas of the body involved.
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Manufacturers of gauging devices must have an effective and ongoing quality assurance and
control programme. Those persons responsible for quality assurance must, at a minimum:

(1) Participate in design review of the gauge;
(2) Monitor the performance of and record keeping associated with prototype testing;
(3) Devise and implement documented test, inspection and corrective action procedures for gauge

components;
(4) Establish an audit procedure monitoring all aspects of the gauge programme which may affect

radiation safety.

We have discussed the fact that manufacturers, in designing for devices containing radioactive
material, generally try to be aware of the conditions of use. Coupling that to design parameters, has
provided an exemplary safety record as far as these devices are concerned. However, in spite of some
twenty odd years of distributing gauging devices, there are no accepted standards for design.

If no standards exist, design details are clearly only dictated by the experience, quality control and
quality assurance procedures of the individual manufacturer. In this case, however, ANSI N538,
"Classification of Industrial Ionizing Radiation Gauging Devices" provides a detailed description of the
manufacturers and design requirements. All conditions of use are addressed as followed:

Other potential use and accident conditions which might need further consideration but do not lend
themselves to a rigid classification scheme include: Corrosion, Vibration, Impact, Puncture,
Compressive Loads, Explosion, Flooding, Distance to Work Stations, Personnel Occupancy Times,
Maintenance.

Safety considerations include the following:

(1) Because of the shielding material (usually lead), the source head will be heavy, thereby mandating
that it be securely mounted or it may fall and injure any one or thing under it.

(2) The construction material should be such that it is not rapidly consumed due to the environment
in which it is installed.

(3) The radioactive material must be contained under all conditions, including accidents.
(4) Personnel shall be kept out of the beam of the device, or of the more intense radiation field.

In order to ensure this type of radiation safety, it is necessary to consider what the user is going
to do with the devices. Manufacturers address these issues by.

(i) Selecting materials which have a proven history of being strong and non-deforming;
(ii) Insisting on workman-like quality in construction, with quality control of every part;
(iii) Using engineering safety factors two and three times greater than standard;
(iv) Using the lowest activity source and highest integrity source encapsulation compatible with the

measurement;
(v) Trying to insist upon installation by knowledgeable individuals so any potential problems can be

recognized and addressed at that time;
(vi) Be sensitive to flaws, i.e., a single failure of a support bracket, mount, or cover plate, etc. may

stop distribution and support an engineering change in design.

There are certain features one accepts as standard: the general shield of choice will be lead
and the outer construction material will be steel. Most manufacturers have an internally generated
design and test programme that attempts to be congruent with conditions of use to which our devices
will be subjected.

First of all, an upper range of temperature is determined and the individual testing criteria is
whether or not the shield and shutter will stay together at this upper temperature level. This criteria
is determined on an individual basis for each application. Two extremes would include a gauging
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device which may be mounted remotely and which will be temperature tested up to 400-500°F; and
another device containing a radioactive isotope that is designed to be portable, (hand carried) may only
be temperature tested to 140-150°F.

For shock and vibration a gauging device and its mounting arrangement may be tested to 60
cycle/second, 20-30 g, for 40-50 hours. Another device may be used in a laboratory environment, and
may only shock load it to 10-15 cycles/second, 3-5 g, for an hour.

For corrosive environments, materials of construction are relied upon. The best materials
cannot always be selected to prevent corrosion because of engineering trade-offs between the ability
of the unit to withstand corrosion and structural integrity. Cost can also be a determining factor. In
other systems, electronic monitors may be used that would indicate protective cover failure, or auto
closure of shutters.

Compression loading is generally tested at five times the weight of the packaged system. It
can also be tested as low as 1 time the weight of the packaged system for lighter weight systems.

Items like impact and puncture are considered only for source encapsulation as far as user
safety is concerned, and packing for the safe transport of the device. These tests are specified. For
example, ANSI Standard N542-1977 gives good guidance on the testing of source encapsulation.
Table 9.11 illustrates performance requirements for typical sealed source usage and Table 9.12 shows
the classification of sealed source performance tests. There are also IAEA safety specifications and
DOT regulations on the testing of packages.

Finally, it is important to try to insure by design and testing, the integrity of the system when
subjected to the rigors of transportation. Attempts should be made to insure that one can properly
package and label a shipment which can be received, opened and physically installed by the user, with
no likelihood that the shield material has moved, that the shutter has remained in place, the source is
intact, and the system is basically in a safe configuration. For example, it has been found that shutters
alone, unless independently supported, may not withstand a strong impact, say from 8-10 foot drops.
Therefore, one should independently bolt the shutter in place, in addition to the normal holding
fixtures the user would use, to insure that it withstands any severe shock received in transit.

There are times that a device is tested to destruction, as in elevated temperature tests. The
necessary criteria for passing each test dictates there shall be no dispersal of radioactive material and
the source capsule shall remain captive in a protective source housing. The radiation levels are
monitored and the classification assigned.

9.3.3. Installation and servicing gauges

It is usually very difficult to get users to perform routine maintenance and inspection on
gauges, thus creating a potential safety risk. Some typical reasons for not performing routine
maintenance could be: a hard to reach level gauge hanging on a tank will simply be ignored as long
as it is working; or if environmental conditions around the gauge are risky, no one will bother with
the unit as long as it is operating properly. Equally valid, the large majority of workers are unfamiliar
with radiation and have other concerns, that unless specifically directed, will not deal with nuclear
devices. On the other hand, maintenance is usually quite good on very large beta gauges or activation
analysis systems used as an important component of process control. Personnel are constantly present,
thus inspection and maintenance become routine.

The keys to installing gauging devices are to (1) understand how the device is to work, and
how it is constructed; (2) be able to solve problems with the application; and (3) train personnel who
will be working with or around the devices. If properly trained, service personnel sent to the site can
help alleviate inordinate concerns about radiation, make recommendations for shielding, clarify
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TABLE 9.11. SEALED SOURCE PERFORMANCE REQUIREMENTS FOR TYPICAL USAGE

Sealed source usage

Radiography- Unprotected source
Industrial Source in device

Medical Radiography
Gamma teletherapy

Gamma gauges Unprotected source
(medium and Source in device
high energy)

Beta gauges and sources for low energy gamma
gauges or X ray fluorescence analysis (excluding
gas filled sources)

Oil well logging

Portable moisture and density gauge (including
hand held or dolly transported)

General neutron source application (excluding
reactor start-up)

Calibration sources - Activity greater
than 30fiCi

Gamma Categories II, III, IV
irradiators1

Ion generators2 Chromatography
Static Eliminators
Smoke Detectors

Sealed source test and class

Temperature

4
4

3
5

4
4

3

5

4

4

2

4
4

3
2
3

Pressure

3
3

2
3

3
3

3

6

3

3

2

3
3

2
2
2

Impact

5
3

3
5

3
2

2

5

3

3

2

4
3

2
2
2

Vibration

1
1

1
2

3
3

2

2

3

2

1

2
2

1
2
2

Puncture

5
3

2
4

3
2

2

2

3

3

2

4
3

1
2
2



TABLE 9.12. CLASSIFICATION OF SEALED SOURCE PERFORMANCE TESTS

Test

Temperature

External
pressure

Impact

Vibration

Puncture

Class

1

No test

No test

No test

No test

No test

2

-40°C (20 min)
+80°C (1 h)

25 kN/m2abs
(3.6 lb/in2) to
atmosphere

50 g (1.8 oz) from
1 m (3.28 ft) and
free drop ten times
to a steel surface
from 1.5 m (4.92 ft)

30 min
25 to 500 Hz
at 5 g peak amp

1 g (15 4 gr)
from 1 m (3.28 ft)

3

-40°C (20 min)
+ 180°C (1 h)

25 kN/m2abs to 2
MN/m2 (290
Ib/in2)abs

200 g (7 oz)
from 1 m

30 min
25 to 50 Hz at
5 g peak amp and
50 to 90 Hz at
0.635 mm amp peak
to peak and 90 to
500 Hz at 10 g

10 g (154 gr)
from 1 m

4

-40°C (20 min)
+400°C (1 h)
and thermal shock
400°C to 20°C

25 kN/m2abs to 7
MN/m2 (1015 Ib/in2)abs

2 kg (5.5 1b)
from 1 m

90 min
25 to 80 Hz at 1.5 mm
amp peak to peak and
80 to 2 000 Hz at 20 g

50 g (1.76 oz)
from 1 m

5

-40°C (20 min)
+600°C (1 h) and
thermal shock 600°C
to 20°C

25 kN/m2abs to 70
MN/m2 (10 153
lb/in2) abs

5 kg (11 1b)
from 1 m

Not used

300 g (10.6 oz)
from 1 m

6

-40°C (20 min)
-800°C (1 h) and
thermal shock 800°C
to 20°C

25 kN/m2abs to 170
MN/m2 (24 656
lb/in2) abs

20 kg (44 1b)
from 1 m

Not used

1 kg (2.2 lb)
from 1 m

X

Special test

Special test

Special test

Special test

Special test

to
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applications problems, if any, etc. Most of the complexity associated with the installation of nuclear
gauging devices is associated with the mechanics of installing and electronic functioning in the
application. Few problems are associated with radiation safety.

The primary safety objective in the installation and servicing of gauging devices is to maintain
radiation exposures for those employees performing this work, and working in and around the area
of the installation, as low as reasonably achievable. To accomplish this, one must consider several
things:

(1) The purpose of the device and the fundamental parameters that were included in its specifica-
tion.

(2) The design and construction of the gauge and the source.
(3) The level of technical capability of the individual performing the installation or servicing of

the gauge and their knowledge of the device.
(4) The configuration of the installation, i.e., is the gauge going to be installed on a closed pipe,

an open tank or vessel, on a conveyor with an open beam of radiation, etc.

Typically, people servicing the source containing (source head) portion of the system must be
authorized to perform these functions by a Specific License issued by the National Competent
Authority. This installer must have completed intensive training on the device being installed and its
associated hazards; precautions to be taken if any; basic radiation safety principles; and must be able
to train users of the gauge in the above areas. However, other countries not having this requirement
also get devices installed safely.

Most gauging devices have sufficient integrity for a user to receive the gauge and physically
mount it. Servicing begins at the point the lock is removed from the shutter; a leak test is made to
insure there is no contamination or loose radioactive material; and documentation of radiation levels
around the gauging device is performed so individuals will be aware of potential for exposure.

Most gauging devices are designed so that radiation levels do not exceed 50 fiGy/h. at 30 cm
from the nearest accessible surface everywhere except through the shutter at maximum loading. This
means there is significant shielding in the design of the head so that in all directions other than the
useful beam direction, radiation levels will typically be less than 50 |aGy/h. at this distance.

There can be many problems associated with the installation of nuclear gauging services.
However, these problems are associated with the installation and generally cannot be addressed by the
design features of the device. Examples would be where: (i) a source head is mounted on some angle
other than 90 degrees to a heavy walled process vessel; thereby creating scatter fields that can exceed
100 mR/h; (ii) a source head installed below a pipe or vessel where there is routine overflow of
material causing the sticking of shutters or the erroneous operation of the gauge because of material
build up between the source head and the vessel; (iii) entrained air in pipe measurements; (iv) sudden
temperature shocks, like the pouring of molten steel during a continuous casting operation onto a lead
filled source head.

These kinds of problems can only be addressed by the placement of a knowledgeable
individual on the site at the time the device is commissioned.

In summary, the design of the source head and the experience of the manufacturer combine
to make these units extremely safe to use. Their use should be encouraged and their distribution
should be relatively simple. The most catastrophic accident event would be if the source containment
were violated. However, due to the design, that has almost never happened. The key to a regulatory
programme becomes one of, "Where is the radioactive material?" and ensuring its safe handling and
safe disposal.

232



9.3.4. Regulatory evaluation

Prior to being able to distribute a device containing radioactive material, a licensee should
submit to their regulatory agency or National Competent Authority, a comprehensive package for
review. This package must completely describe (as a minimum) the materials and construction of the
device, the manner in which it will be labeled, conditions under which it may be used, prototype
testing vs the expected conditions of use, quality assurance and control, safety analysis, and the
maximum external radiation levels. An example of what should be submitted is as follows:

A. APPLICATION

1. Name, address and location of where material is to be used.
2. Authorized user(s) who are qualified by training.
3. The Radiation Protection Officer overseeing the programme.
4. For each device, list the manufacturer, isotope; activity and model number for each source.
5. Describe the purpose for which the gauge will be used; provide manufacturer and model

number of the source holder.
6. Training: A resume of each persons training and experience is best. Resume should include

the information required in number 8 and 9.
7. Provide radiation detection instruments by manufacturer and model plus the range. State who

will calibrate them and how often.
8. Provide the supplier of film badges, how often changed or why monitoring is not required.
9. Facility: This may not be required unless its a laboratory equipment; this should provide

drawing of where equipment is located and show exhaust system if required.
10. Radiation Protection Programme: This is very important and should be on separate documents.

This should provide procedures for installation and removal for doing this type of work; leak
test of sources, if by leak test kit state manufacturer and model number of kit and that the
instruction in the kit will be followed. If one must enter a vessel that contains a radiation
source one must provide 'lock out procedures' to assure personnel will not enter the vessel
with the source in the 'on' position. If making radiation surveys, one should provide a copy
of the survey forms in the application, the forms should provide a space for survey meter, date
calibrated, date of survey and person making survey. If gauges have shutters one should
provide procedure for making this test either with a survey meter or visual test to assure the
shutter does operate.

11. Training of personnel is subject to the amount of service to be provided. Removal and
installation will require more training than just leak testing the gauges.

12. A completed application should be signed and dated by an individual in senior management
(i.e., President, Vice-President)

B. PERSONNEL MONITORING

If personnel monitoring is required, no person shall use equipment unless he is in possession

of the appropriate form of dosimetry.

C. RECORD AND REPORTS

1. A biannual physical inventory to account for all sealed sources received and possessed under
the license shall be performed. The inventory record shall be maintained for inspection.

2. All sealed sources shall be leak tested at the interval required by the license. When
transferred, in the absence of a leak test certificate, the source shall not be put into use until
so tested.

3. Reports from the dosimetry service shall be maintained for inspection.
4. When an individual terminates employment, a record of his total received dose shall be made

available to the employee or due to theft.
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D. INCIDENTS

1. Immediate telephone notification shall be made to the following in the event of loss of a
sealed source, whether accidental or due to theft.
A. Company Radiological Safety Officer
B. National Competent Authority, if applicable
C. Local Authorities
D. Manufacturer, if necessary.

Within 30 days after the loss, a written report should be filed giving detailed description of
the source, circumstances of the loss, statement of disposition, possible radiation exposures or
hazard, actions taken to recover the source, and procedures which will be implemented to
prevent a recurrence of the loss or theft.

2. Any exposure of operators which exceeds the limits given in ICRP 60 regulations shall be
reported to the National Competent Authority detailing circumstances of the exposure and
possible injury.

E. EMERGENCY PROCEDURES

1. In the event of physical damage to the gauge, an exclusion area with a radius of 5 meters
around the gauge shall be maintained until the extent of source damage (if any) is determined.
If a vehicle is involved, it must be stopped and remain stopped until the extent of
contamination hazard (if any) is determined. If visual examination of the instrument and
source indicates damage to the source, including fracture of the weld, the appropriate
authorities and the manufacturers should be notified. The instrument may be removed from
the site by using a shovel or other long handled instrument and placed in a suitable container
such as a metal drum.

2. In the event of source leakage or separation (real or suspected) of a source from its normal
containment, the 5 meter exclusion area shall be maintained until the arrival of the appropriate
authorities.

F. TRANSPORTATION BY PRIVATE MOTOR VEHICLE

The device shall be locked and its container placed in a portion of the vehicle which can be
locked. When not in transit the equipment shall be stored in a secured area.

G. LEAK TESTS

Tests for leakage shall be performed utilizing an approved Leak Test Kit.

9.3.5. Registry of gauging devices

Once satisfied that all safety requirements and regulations have been addressed, the regulatory
agency issues a document called "Registry of Radioactive Sealed Sources and Devices", which is
distributed to all other regulatory agencies. The Registry Sheet contains a summary of the information
submitted by the licensee, in addition to any parameters and/or restrictions of use for the user.
Clearly, this process is a direct function of the knowledge and talent of the individual reviewer.

In the USA, one parameter of use is whether the device is eligible for General License
distribution or must be Specifically Licensed. In order for a device to be eligible for General License
distribution, it should, in theory, be safe for a virtually untrained user to receive the device and use
it for its intended purpose safely. The labeling and the manual should describe all the operating
conditions for safe use. The potential for inadvertent personnel exposure should be precluded by the
design and instructions furnished with the device.
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Experience has shown that this is not a workable system. Of all industrial devices, the
Generally Licensed gauge is subject to the most abuse because regulatory agencies rarely inspect
Generally Licensed individuals, and there is no efficient record keeping of these devices. These are
the devices that invariably end up in scrap yards where forces sufficient to damage the source
encapsulation may be applied. The problem is that no one knows where the device is, and no one
really has any responsibility for it. A strong suggestion would be that a comparable licensing system
not be instituted. A device should either be able to be possessed and used for its intended purpose
and be exempt from regulatory concern, or there should be a document and an inventory required.

9.4. SAFETY IN RESEARCH AND TRACER USE

9.4.1. Technology of radioactive sources for use in research and tracer studies

The principle of a tracer investigation is to label a part of a system, whether it be an industrial
process or a biological function, and then either to use sensitive detectors to trace the labelled item
through the system or to carry out a quantitative assay of a sample taken from the system. The basic
requirements of a tracer are:

(a) It should behave in the same manner as the material under investigation.
(b) It should be easily and unambiguously detectable at low concentrations.
(c) Injection, detection and/or sampling should be achieved without disturbing the system.
(d) The residual concentration of tracers should not be unduly deleterious to the system.

Radioisotope tracers readily meet these requirements subject to appropriate choice of, and
sometimes compromise between, half-life, specific activity, type and energy of radiation emitted, and
chemical and physical form. Typical industrial applications include:

Ventilation - flow rates, filtration efficiency
Mixing - of fluids, powders, slurries, gases
Flow - velocity in pipes, material transport, phase change (e.g. from liquid to gas)
Leakage - from process plants, detection in underground pips, testing of gas filled

cables,
Wear - rate of engine wear, corrosion in process plant.

The isotopes in common use include 3H, 14C, 24Ra, 32P, 35S, 41Ar, 45Cd, 46Sc, 68Ga, 76As, 82Br,
85Kr, 133Xe, 140La, 198Au and 203Hg. The activity depends upon the application. Typical research
applications may be closely allied to the above or may be more directly compared with medical
applications, e.g. radiopharmaceutical research.

Once a tracer investigation is in progress il is unlikely that anything more than small quantities
of radioactive materials will be manipulated. However, it is possible that an external radiation hazard
may be present at the outset, if quite large quantities of gamma emitters are handled, for example in
a large industrial investigation. In many cases good housekeeping plus safeguards to prevent cross-
contamination (which could invalidate the investigation) will suffice lo ensure adequate radiological
control.

9.4.2. Radiation safety programme - tracer studies

Procedures should be established to ensure compliance with the provisions of the competent
authority. The procedures should be specific and adequate to provide protection against potential
radiation hazards associated with the use of radioactive materials during tracer studies in well-logging
activities. As a minimum, each of the following elements should be described in the application.

Survey programme. Competent Authority regulations typically require that surveys be made
to determine if radiation hazards exist during the use of radioactive material. A survey means an
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evaluation of the radiation hazards incident to the use, release, disposal, or presence of radioactive
materials. When appropriate, this evaluation includes a physical survey of the location of radiation or
concentration of radioactive materials present.

Radiation surveys must be made and recorded at the jobsite or well-head for each tracer
operation. These surveys shall include measurements of radiation levels before and after the operation.
Survey records should be maintained for inspection by the competent authority.

For operations involving tracer use of radioactive material, a survey programme should include
monitoring, with an appropriate survey meter, of personnel (hands, feet, clothing) and all tools,
equipment, and facilities at job sites for contamination and effectiveness of clean up. Such surveys can
be made with a thin-window (less than 2 mg/cm2) GM detector. Procedures should be established to
minimize the chance for inadvertent spread of contamination by the contamination survey or other
activities to be performed, and to determine which areas require greater attention during
decontamination. Reasonable efforts should be made to remove all residual contamination. Acceptable
levels of residual contamination should be established.

Short half-life wastes that are stored to allow physical decay to background levels should be
surveyed with an appropriate instrument before discarding with normal trash. Any radioactive labeling
should be defaced or destroyed before disposal. If this method of disposal is used, records must be
maintained to meet the requirements of the pertinent local regulations.

Operations with tracers may require surveys to evaluate the adequacy of storage facility
shielding to determine if restricted areas must be established and posted. Competent Authority
regulations specify radiation levels for unrestricted areas. Any accessible external surface of the storage
facility or enclosure must meet the requirements for an unrestricted area.

Quarterly inventory. Each licensee or registrant should conduct a quarterly physical inventory
to account for all sources of radiation. Records must be maintained for inspection and should include
the quantities and kinds of sources of radiation, the location where sources of radiation are assigned,
the date of the inventory, and the name of the individual conducting the inventory.

Utilization records. Each licensee should maintain current records, which would be kept
available for inspection by the Division, showing the following information for each source of
radiation:

(a) a description of each source of radiation used;
(b) the identity of the well-logging supervisor or field unit to whom assigned;
(c) locations where used and dates of use; and
(d) in the case of tracer materials and radioactive markers, the utilization record should indicate

the radionuclide and activity used in a particular well.

The word 'record' has been used instead of 'log' so as not to imply a requirement that a
specific log be maintained. Other records normally kept on sources of radiation would appear to be
adequate if they contain the information required.

Inspection and maintenance. Each licensee should conduct, at a six month interval, a
programme of inspection and maintenance of logging tools, source handling tools, storage containers,
transport containers, and injection tools to assure proper labeling and physical condition. Records of
inspection and maintenance shall be maintained for inspection.

If any inspection conducted reveals damage to labeling or components critical to radiation
safety, the device must be removed from service until repairs have been made.
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Records management programme. Provisions for maintenance and management review of
utilization logs and records of surveys, inventories, personnel exposures, leak tests and employee
training should be established. Job log sheets or other standard forms would facilitate keeping records
on field operations. Procedures for ordering or shipping materials, for receipt of materials, and for
notification of responsible persons upon receipt should also be established. Management control of
operations with tracers should include procedures to avoid injection into fresh water zones and to
evaluate expected concentrations of radioactivity in water, oil, gas, or air released for unrestricted use.

Methods for establishing, posting, and controlling access to restricted areas. The applicant
should establish and describe procedures for posting and controlling access to all work areas including
injection sample preparation area and field sites to comply with competent authority regulations. When
radiation levels are created that exceed 20 fiSv/h the applicant should establish and describe methods
for controlling access to all operational areas. All unnecessary personnel should be restricted from the
areas. During each logging operation, the logging supervisor or other designated employee should
maintain direct surveillance of the operation to protect against unauthorized and/or unnecessary entry
into a restricted area. A restricted area usually exists for only a relatively short period of time, i.e.,
during the tracer sample preparation and injection into the hole. 'Caution - Radiation Area' signs
should be posted when radiation levels will exceed 50 ^Sv/h.

Transportation of radioactive material. The transport of radioactive materials over public
roads by licensees is subject to the regulations of the IAEA. The IAEA regulations cover, among other
things, radiation levels at package surfaces (not to exceed 0.1 mSv/h at 1 meter from any surface and
2 mSv/h at the surface of containers); contents, construction, and labeling of packages; placarding of
vehicles; and accident reporting. Procedures established to assure safe transport and should include
at least the following:

(a) methods for securing radioactive materials in vehicles to prevent shifting or unauthorized
removal during transport,

(b) a survey programme including determination that radiation levels in the passenger
compartment do not exceed 2 mR/h, and

(c) placarding vehicles on all four sides with 'Radioactive' when 'Radioactive Yellow-HI' labeled
packages are being transported.

When vehicles are used for temporary storage, the requirements in the competent authority
regulations are applicable. Security for unauthorized removal, posting with 'Caution - Radioactive
Material,' and radiation levels (verified by surveys) not exceeding IAEA limits are acceptable
practices.

Operating and emergency procedures. Written standard operating and emergency procedures
for operating personnel should be developed for the specific operations that will be performed. The
procedures may be incorporated into check off type sheets or other forms used onsite to keep records.
Copies should be supplied to all employees who are responsible for job site use of materials and
should be submitted as part of the application. Management should institute review procedures to
assure that the established radiation safety programme is followed.

Instruction covering tracer operations should be specific for each different type of study and
should include at least the following:

(a) Procedures for handling samples, including sample preparation, and injection methods. The
instructions should also include methods for establishing, posting, and controlling access to
the area; prevention of contamination of site, equipment, and personnel; and tools and
protective clothes and equipment to be used in performing the tracer study.
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(b) General safety equipment. Protective gloves and other appropriate protective clothing and
equipment shall be used by all personnel handling radioactive tracer material. Precautions shall
be taken to avoid ingestion or inhalation of radioactive material. A description of protective
clothing (such as rubber gloves, coveralls, respirators, and face shields), auxiliary shielding,
absorbent materials, injection equipment, secondary containers, plastic bags for storing
contaminated clothing, tissue, handling tools, etc. that will be available at well sites should be
submitted.

(c) Survey programmes. The required frequency and methods of surveys, instruments to be used,
records to be kept and contamination limits to be observed should be covered.

(d) Decontamination procedures. These procedures should cover cleaning up spills, using
protective clothing and equipment, and decontaminating personnel and equipment, including
acceptable contamination limits.

(e) Procedures to be used for picking up, receiving, and opening packages containing radioactive
material.

(f) Waste disposal procedures. The disposal methods to be used, surveys to be made and records
to be kept should be included in the procedures.

(g) Emergency procedures. Procedures to be followed in case of vehicle accidents, fire or
explosion, personnel contamination or overexposures, or similar emergency situations should
be explained. These instructions should describe immediate action to be taken to prevent
contamination of work areas and personnel, the need for restricting and/or evacuating the area,
and indicate procedures for containment of the spills. The instructions should specifically state
the names and telephone numbers of responsible persons (owners, management, and the
Division) to be notified in case of an emergency. Competent Authority regulations contain a
number of specific requirements for the occasions and methods for reporting incidents.

9.5. SAFETY OF WELL LOGGING DEVICES

9.5.1. Technology of radioactive sources for use in well logging

A valuable technique used in several industries today is well logging. Using a portable
laboratory, truck-mounted for land platform and permanently mounted on an offshore drilling platform,
the well loggers lower a device called a logging tool into the oil well or gas well on a wireline. The
logging tools are lowered all the way to the bottom and then slowly reeled back up. As the tools come
back up the hole, they are able to measure the properties of the formations they pass.

Electric logs measure and search natural and induced electricity in formations. Oil well logs
measure the amount of various kinds of elements in the surrounding area by a method of irradiation
and detection. Figure 9.26 shows a simulated photo of the radioactive particles coming out of the
source S (typically a AmBe source of between 0.5-15 Ci), and the detector D, which receives and
accumulates the information on interactions with material in the surrounding well. Figure 9.27 shows
a gamma ray/neutron log as it records the information from the detector. Figure 9.28 illustrates the
thermal neutron density for a point source of neutrons in an infinite formation.

The largest potential for an accident with well-logging sources are to lose the sources down
a well. In the event of a loss down hole, every reasonable effort should be made to recover it.
Notification of owners, management and the local competent authorities should be made. A
recommended procedure in the event of such an incident is covered in Section 9.5.2.

9.5.2. Radiation safety programme - well logging

Procedures should be established to ensure compliance with the Provisions of the national
competent authority regulations. The procedures should be specific and adequate to provide protection
against potential radiation hazards associated with the use of sealed sources in well-logging activities.
As a minimum each of the following elements should be described in the application.
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FIG. 9.26. Simulated photo of the radioactive particles coming out of the source.

Survey programme. Competent authority regulations require that surveys be made to
determine if radiation hazards exist during the use of radioactive material. A survey means an
evaluation of the radiation hazards incident to the use, release, disposal, or presence of radioactive
materials. When appropriate, this evaluation includes a physical survey of the location of radiation or
concentrations of radioactive materials present.

For operations involving sealed sources, a survey programme should include evaluation and/or
measurements of gamma and/or neutron radiation levels for both storage and use of sealed sources.
Surveys for evaluating the adequacy of shielding, dose rates during leak testing of sources, the need
for personnel dosimeters, or changes in operating procedures may be appropriate. Preparation of
shipping labels, posting and establishing restricted areas, limiting work times, locating lost or dropped
sources, and monitoring during any down-hole recovery operations are activities that will require
surveys.

The logging tool and well site should be surveyed for contamination when logging tools are
removed from the hole and after the source has been removed from the logging tool. The survey may
be performed with a survey meter or a logging tool (after the source has been removed). Leak test
wipes should be surveyed with a low-range survey meter for gross contamination to determine safe
handling before mailing or otherwise forwarding for assay. Such surveys can be made with a thin-
window (less than 2 mg/cm2) detector held close to a dry smear sample immediately after it is taken
in the work area.

Quarterly inventory. Each licensee or registrant should conduct a quarterly physical inventory
to account for all sources of radiation. Records must be maintained for inspection and should include
the quantities and kinds of sources of radiation, the location where sources of radiation are assigned,
the date of the inventory, and the name of the individual conducting the inventory.
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FIG. 9.27. Gamma ray/neutron log.

Utilization records. Each licensee should maintain current records, which would be kept
available for inspection, showing the following information for each source of radiation:

(a) make, model number, and a serial number of each source of radiation used;
(b) the identity of the well-logging supervisor or field unit to whom assigned; and
(c) locations where used and dates of use.

The word 'record' has been used instead of 'log' so as not to imply a requirement that a
specific log be maintained. Other records normally kept on sources of radiation would appear to be
adequate if they contain the information required.
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FIG. 9.28. Thermal neutron density for point source of neutrons in an infinite formation.
These curves are qualitative guides only.

Inspection and maintenance. Each licensee should conduct, at a six-month interval, a
programme of inspection and maintenance of source holders, logging tools, source handling tools,
storage containers, and transport containers to assure proper labeling and physical condition. Records
of inspection and maintenance shall be maintained for inspection. If any inspection conducted reveals
damage to labeling or components critical to radiation safety, the device must be removed from service
until repairs have been made.

Each source, source holder, or logging tool containing radioactive material shall bear a
durable, legible, and clearly visible marking or label, which has, as a minimum, the standard radiation
caution symbol, without the conventional color requirement. This labeling should be on the smallest
component transported as a separate piece of equipment.

Records management programme. Provisions for maintenance and management review of
utilization records and records of surveys, quarterly inventories, personnel exposures, leak tests and
employee training should be established. Job log sheets or other standard forms that facilitate
recordkeeping of field operations should be submitted. Procedures for ordering or shipping materials,
for receipt of materials, and for notification of responsible persons upon receipt should also be
established.
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Methods for establishing, posting, and controlling access to restricted areas. Procedures
for posting and controlling access to work, areas that comply with the pertinent regulations should be
established. When radiation levels that exceed 20 (iSv/h are created, methods for controlling access
to operational areas should be established. All unnecessary personnel should be restricted from the
areas. During each logging operation, the logging supervisor or other designated employee shall
maintain direct surveillance of the operation to protect against unauthorized and/or unnecessary entry
into a restricted area. A restricted area usually exists for only a relatively short period of time, i.e.,
during the loading of the tool and insertion into the hole. 'Caution - Radiation Area' signs should be
posted when radiation levels exceed 50 uSv in any one hour. Physical surveys or established distances
from sources may be used to establish radiation areas and the need for personnel monitoring in a
particular area.

Transportation of radioactive material. The transport of radioactive materials over public
roads by is subject to the regulations of the IAEA and competent authorities. These regulations cover,
among other things, radiation levels at package surfaces (not to exceed 0.1 mSv at 1 meter from any
surface and 2 mSv/h at the surface of containers) contents, construction, and labeling of packages;
permissible radiation levels around a vehicle, placarding of vehicles; and accident reporting.

Procedures should be established to assure safe transport and include at least the following:

(a) method for securing radioactive materials in vehicles to prevent shifting or unauthorized
removal during transport;

(b) a survey programme including determination that radiation levels in the passenger
compartment do not exceed 20 u.Gy/h; and

(c) placarding vehicles on all four sides.

When vehicles are used for temporary storage, the requirements of the local competent
authority are applicable. Security from unauthorized removal, posting with 'Caution - Radioactive
Material' signs, and radiation levels (verified by surveys) not exceeding regulatory limits are
acceptable practices.

Operating and emergency procedures. Written standard operating and emergency procedures
for operating personnel should be developed for the specific operations that will be performed. The
procedures may be incorporated into check off type sheets or other forms used onsite to keep records.
Copies should be supplied to all employees who are responsible for job site use of materials.
Management should institute review procedures to assure that the established radiation safety
programme is followed.

Procedures for operations with sealed sources should include at least the following:

(a) Storage precautions. Each source of radiation must be provided with a storage and/or
transport container. The container shall be provided with a lock, or tamper seal for calibration
sources, to prevent unauthorized removal of, or exposure to, the source of radiation. Failure
to lock transport and storage containers is a common cause of unnecessary exposure to
personnel and/or the loss or theft of these sources. Tamper seals may be used instead of locks
for calibration sources. The requirement that transport and/or storage containers be locked
should reduce risks without imposing undue restrictions.

(b) Procedures for transporting sources to job and well sites and for storing sources in transit
and onsite. Transport containers should be physically secured to the transporting vehicle to
prevent accidental loss, tampering or unauthorized removal. Surveys of radiation levels around
vehicles and storage sites securing and positioning sources and containers, inspection of
equipment, posting, and records to be kept should be covered.

(c) Precautionary procedures for loading the logging tool, placing the tool in the well,
removing the tool from the well and unloading the source. The use of handling tools, logging
tool orientation, establishing, posting, and controlling access to restricted areas; minimum
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times and distances to be observed during handling of sources; and instructions for dealing
with equipment malfunction including lost or dropped sources should be covered.

(d) The number, type, and length of handling tools. The company must provide and require
the use of tools that will assure remote handling of sealed sources other than low-activity
calibration sources. Drawings or sketches showing general design and provisions for attaching
to or gripping sources should be submitted.

WELL-LOGGING SOURCES MUST NEVER BE HANDLED DIRECTLY BY HAND!

(e) Personnel monitoring provisions. Instructions covering the occasions for using of personnel
monitoring devices, the location on the body where the devices are to be worn, frequency st
which they should be changed, records to be kept and care of devices should be covered. Any
personnel monitoring device, such as a film or TLD badge, should be assigned to a specific
person; i.e., these devices are not to be worn by different individuals during the period of
issuance by the monitoring service company.

(f) Survey programme. The occasions for surveys, frequency and methods, instrument to be
used, and records to be kept should be covered.

(g) Precautionary procedures to be followed to assure the recovery to sealed sources in
shallow, uncased holes. The procedures should include the means for preventing possible
contamination of potable aquifers during logging operations.

(h) Procedures to be followed in the event a source is lost down hole. The well-logging
company should not perform wireline service operations with a sealed source unless, prior to
commencement of the operation, they have a written agreement with the well operator, well
owner, drilling contractor, or land owner that in the event a sealed source is lodged downhole,
a reasonable effort at recovery will be made. Instructions should cover notification of owners,
management, and the competent authority. Prevention of damage to the source during retrieval
efforts, monitoring at the surface for the presence of radioactive contamination with a radiation
survey instrument or logging tool during logging tool recovery operations, notification of the
local competent authority immediately by telephone if radioactive contamination is detected
at the surface or if the source appears to be damaged, provisions for controlling exposures,
personnel monitoring, provisions for permanently sealing the source in place, the setting of
a whipstock or other deflection device and permanently marking the well when the source
cannot be recovered should be included.

(i) Emergency procedures. These instructions should cover procedures to follow in case of
vehicle accidents, fire or explosion, ruptured sources, or similar emergency situations. The
instructions should describe immediate actions to be taken to prevent further contamination
of personnel, equipment, and facilities and evacuation of the area. The instructions should
specifically state the names and telephone number of responsible persons to be notified in case
of an emergency (owners, management, and the authorities.

If a sealed source becomes lodged in a well, and when it becomes apparent that efforts to
recover the sealed source will not be successful, the licensee shall:

1. Notify the appropriate competent authorities by telephone of the circumstances that resulted
in the inability to retrieve the source and obtain approval to implement abandonment
procedures; and

2. Advise the well owner or operator, as appropriate, of the abandonment procedures.

3. Either ensure that abandonment procedures are implemented within 30 days after the sealed
source has been classified as irretrievable or request an extension of time if unable to complete
the abandonment procedures.

4. The licensee should within 30 days after a sealed source has been classified as irretrievable,
make a report in writing to the appropriate competent authority. The licensee shall send a copy
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of the report to each appropriate State or Federal agency that issued permits or otherwise
approved of the drilling operation. The report must contain the following information:

(1) Date of occurrence;
(2) A description of the irretrievable well logging source involved including the

radionuclide and its quantity, chemical, and physical form;
(3) Surface location and identification of the well;
(4) Results of efforts to immobilize and seal the source in place;
(5) A brief description of the attempted recovery effort;
(6) Depth of the source;
(7) Depth of the top of the cement plug;
(8) Depth of the well
(9) Any other information, such as a warning statement, contained on the

permanent identification plaque; and
(10) State and Federal agencies receiving copy of this report.

RADIATION INCIDENT

Called bv

Company Name

Well Name

County and State

Location

TD

Casing Depth
Depth of Fish
Source Type
Tool String
Date and Time Stuck
Hole Conditions
Fishing Attempts

Date Time

Hole size Hole Deviation

Casing Size

Source Strength

Abandonment Plans: Cement Plug
Whip Stock Shoe
Production
GR Logs, Etc.
Other

Notified Competent Authority

Notified State/local officials:

Comments:

: Name:
Date:
Time:

Name:
Date:
Time:

Figure 9.29 illustrates a recommendation of a form to use in case of incident.
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Sealed source leak testing. Well-logging sealed sources (and any sealed calibration sources)
must be tested for leakage and contamination at intervals not to exceed six (6) months. When the
supplier does not certify that such tests have been performed within six months, the sources should
not be used until tested. The test must be capable of detecting the presence of 185 Bq (5 nCi)
removable contamination. The test sample should be taken from the source or from accessible surfaces
of the device in which the sealed source is mounted or stored where contamination is likely if the
source is leaking. Records of leak test results must be maintained for inspection by the regional
competent authority. Leaking sources must be withdrawn from use.

If a test reveals the presence of 185 Bq (5 nCi) or more of removable contamination, a report
shall be filed with local competent authority.

9.5.3. Licensing and inspection

The applicant should, in addition to complying with the requirements set forth in the
competent authority regulations, make every reasonable effort to maintain radiation exposures, and
radioactive material effluents to unrestricted areas, As Low As Reasonably Achievable (ALARA).
Applicants should give consideration to the ALARA philosophy in the development of operating
procedures and in the training of personnel using radioactive material.

Some of the items that should be considered to help maintain radiation exposures as low as
reasonably achievable are discussed below. The discussion is not intended to be all inclusive, but
should be used as a guide in establishing an operating philosophy for maintaining occupational
radiation exposures as low as reasonably achievable.

The most important single item is the routine use of survey meters to ensure that radioactive
sources have been returned to the storage container after each log operation. The necessity of
performing adequate surveys should be emphasized during initial classroom training, on-the-job
training and refresher training of personnel.

The habit of taking advantage of available shielding at temporary jobsites also contributes to
maintaining low occupational exposures. Again, this practice can and should be addressed during initial
training, on-the-job training, and refresher training.

In addition to the practices mentioned above, taking advantage of the full length of the
handling devices, using as long a handling tool as possible, and properly storing radioactive material
as soon as possible after use can all contribute to maintaining occupational exposures as low as
reasonably achievable.

In addition to providing for items such as those listed above, the necessity of using the safety
equipment that is provided should be emphasized during initial training of radiation workers.

Management can also contribute to maintaining low occupational exposures by spreading the
workload among personnel so that the same person does not always receive the assignment that
involves the highest exposure. Management should review personnel monitoring records to identify
those individuals who have exposures higher than the average and to try to establish and correct the
cause.

Filing an application. A license application for radioactive material should be submitted on
the appropriate forms of the licensing agency. Since the space on forms is usually not sufficient to
contain all of the required information, additional sheets should be appended. Each separate sheet or
document submitted with the application should be clearly identified by a heading indicating the
appropriate item number.
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The application should be completed in duplicate.Since the license will usually require, as a
condition, that the licensee follow the statements and representations set forth in the application and
any supplements to it, one copy of the application with all attachments should be retained by the
applicant, the original should be sent to the licensing agency.

Upon completion, the application form must be signed and dated by an official representative
of the applicant, e.g., President, Department or Division Head, or other person authorized to sign
official documents to certify that the application contains information that is true and correct to the
best of the applicant's knowledge and belief. Applications that are unsigned will be returned for proper
signature.

Contents of application. The following discussion deals with specific items on the
application forms. Any section of the application which is not applicable should be so designated.
Materials submitted on a separate attachment should be clearly identified.

(1) Address. Enter the name of the firm applying for the license, the mailing address and
telephone number.If the mailing address is a P.O. Box or if different from the location where
radioactive material will be primarily stored, then list the street address where the radioactive
material will be primarily stored and/or used. State if offshore work or out-of-state work will
be performed in addition to work at temporary job sites in the country. In an attachment,
please give precise directions to the location of your storage facility in your province or
country.

(2) Radiation programme personnel. A qualified individual should be designated the
responsibility for radiation protection. The individual designated as Radiation Safety Officer
(RPO) is normally an individual user, supervisor, or other individual who will maintain the
license and have overall responsibility for the radiation protection programme. The applicant
should detail the named individual's duties and responsibilities. The RPO is expected to
coordinate the safe use of the radioactive material and to ensure compliance with the
requirements of the Louisiana Radiation Regulations.

Typical duties of the RPO should include the following:

(a) To ensure that radioactive materials that are possessed or used by the applicant are
limited to those materials specified in the license.

(b) To ensure that the radioactive materials are used only by those individuals authorized
by the license.

(c) To ensure that all users wear personnel monitoring equipment, such as film badges or
thermoluminescent dosimeters (TLDs).

(d) To ensure that radioactive material is properly secured against unauthorized removal
at all times.

(e) To supervise leak testing of sealed sources and instrument calibrations.
(f) To develop operating and emergency procedures and to assist in personnel training

and orientation in these procedures.
(g) To conduct a quarterly physical inventory to account for all sources of radiation,
(h) To conduct a programme of inspection and maintenance of equipment and containers

to assure proper labeling and physical condition.
(i) To serve as a point of contact and give assistance in case of emergency (well-logging

tool damage, theft of radioactive materials, fire, etc.) and to ensure that proper
authorities, for example, local police and competent authority personnel, are notified
promptly in case of accident or other incident that may involve the release of
radioactive material.

(j) To ensure that the terms and conditions of the license, such as periodic leak tests, are
met and that the required records, such as personnel exposure records, leak test
records, etc., are periodically reviewed for compliance with the regulations, applicant
license conditions and applicant submissions to the Division.
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(k) To conduct radiation safety inspections of licensed activities periodically to ensure
compliance with the regulations, license conditions and company operating procedures.

The individuals who will use or supervise the use of radioactive materials should be listed, and
the qualifications and training of /these individuals along with a brief resume of their
experience with radioactive materials and formal training should be entered in the application.

(3) Personnel monitoring. The types of personnel monitoring employed should be adequately
described. Please specify the type of radiation detected by the film badges and in addition,
indicate what company supplies the film badge service. State at what intervals the film badges
will be exchanged and where personnel generally clip the badges.

Film badges or TLD personnel monitoring devices are required for well-logging operations.
Use of these devices with monthly evaluations is an acceptable practice.

If the use of pocket dosimeters is proposed, the applicant should provide the name of the
manufacturer, type, model number and range (mR), and frequency of reading and recording.

During tracer studies, bioassays (thyroid checks, urinalyses, etc.) may be required when
individuals work with murti-millicurie quantities of iodine-131, depending on the type of
work, equipment used, and procedures followed. For example, if an individual handles 2 GBq
of iodine-131 per week in noncontained form, thyroid checks should be made. Such criteria
to be used in determining the need for bioassays and the type of bioassays that will be
performed should be described. If a commercial bioassay service is to be used, the name and
address of the firm should be provided.

(4) Contamination surveys. Please describe in detail the procedure used for determining if
contamination is present on the logging tool after the completion of each log. The logging tool
and well site must be surveyed for contamination when logging tools are removed from the
hole and after the source has been removed from the logging tool. The survey may be
performed with a survey meter or by energizing the logging tool after the source has been
removed. Methods and instruments used in surface contamination surveys should be
sufficiently sensitive to detect the nuclides being monitored. Records of contamination surveys
must be maintained for inspection by the competent authority.

Sometimes the regulations do not specify limits for surface contamination. Each applicant may
propose and justify the levels of removable surface contamination that will be allowable before
decontamination must be performed. These limits should be based on the need to avoid
transfer to significant amounts of contamination to unrestricted areas and to maintain
exposures as low as is reasonably achievable. Emergency instructions should be established
in case contamination is detected. Decontamination procedures should be provided by the
applicant.

(5) Radiation area surveys. Please indicate in detail the methods and occasions for conducting
radiation surveys. Detail the procedures employed to assure that personnel exposure is kept
to a minimum during source handling. Indicate in detail the procedure employed to assure that
the source has been returned to its storage container after use for a log. In addition, indicate
what records are maintained for this survey. Please submit the format used for these records.

Describe the procedure, the frequency of the procedure, and the instrument used for
performing surveys for the purpose of determining radiation levels at the storage location and
what quantities of radioactive material are used. Specify what records will be maintained.

(6) Environmental surveys. Environmental surveys are not applicable with the use of sealed
radioactive sources. Environmental surveys are required if radioactive tracer materials are
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used. In the event of a spill or a well-head ejection of radioactive material, detailed procedures
should be on hand for clean-up, decontamination, and environmental and follow-up surveys.
The applicant should submit these procedures with or as a part of their Health Physics
Programme.

(7) Leak test. A leak test of sealed radioactive sources used for well logging is usually required
at six (6) month intervals. If the tests will be performed using a commercial 'kit', the name
of the kit manufacturer or distributor and the kit model designation must be given. If the
applicant intends to perform in-house leak tests without the use of an approved commercial
leak-test kit, the following information must be submitted:
(a) The name and qualification of each individual who will perform the leak tests.
(b) Procedures and materials to be used in collecting test samples.
(c) The type, manufacturer's name, model number, and radiation detection and

measurement characteristics of the instrument to be used for assaying the test samples.
Determination and periodic verification of the counting efficiency of the instrument
should be included in the measurement characteristics of the instrument.

(d) Instrument calibration procedures, including the name of the manufacturer and model
number of each standard source to be used, the step-by-step calibration procedures to
be followed, and the name, experience, and training of each individual who will
perform the calibrations. In providing information about the standard sources used in
the calibrations, applicants should provide information concerning the accuracy of
each source used. Each source should be, as a minimum, ± 5% of the stated value and
traceable to a primary standard, such as that maintained by the National Bureau of
Standards.

(e) The method, including a sample calculation, used to convert instrument readings to
units of activity, e.g., microcuries.

(8) Waste disposal. The applicant should describe the procedures for disposing of radioactive
material. Sealed sources containing radioactive material should be returned to the
manufacturer or transferred to another licensee authorized to possess the specific quantity and
form being transferred. Please note that the loss and subsequent abandonment of a radioactive
source down-hole constitutes disposal, and must be indicated in disposal records.

(9) Health physics programme. The applicant should describe the radiation protection
programme that will be implemented to ensure safe use of radioactive materials. The applicant
should submit a copy of the operating and emergency procedures that individuals will follow
in the use of radioactive material. Section 9.6.2 describes the elements of an acceptable
radiation protection programme for the use of sealed sources.

(10) Physical facilities. The applicant should describe the facilities to be used to ensure security
and safe storage of materials. Sources of radiation must be stored in a manner which will
minimize danger from explosion and/or fire. This provision is considered necessary to reduce
the probability of damage to sources of radiation stored in the proximity of explosives
frequently used in well-logging operations, and in the event of fire. IAEA regulations prohibit
the storage and transportation of radioactive materials with Class A and other specified
explosives.

In describing available facilities, the applicant should submit the information requested in the
following; subitem (a) for sealed source programmes, and/or subitem (b) for tracer studies
programmes.

(a) Sealed Source Programmes.
Storage and other facilities. The description of field office, site or vehicular storage
containers and facilities should include drawings or sketches. The design dimensions,
thickness of shielding, type of shielding materials (concrete, steel, lead, etc.), and
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means for securing sources from unauthorized removal should be described. The
expected radiation levels at the surface of containers and accessible areas of storage
facilities should be given. Laboratories or field office facilities that are to be
maintained as restricted areas for survey instrument and logging tool calibration and
repairs should be described.

(b) Tracer Operations

(i) Facilities and equipment for sample preparation. If tracer samples are not to
be purchased in ready to use form, laboratory or field office facilities that are
to be maintained as restricted areas for sample preparation should be
described. Sketches are helpful. Hoods, sinks, trays with absorbent materials,
remote handling tools, rubber gloves, etc. that will be available at these
laboratory sites should also be described.

(ii) Storage provisions. The description of storage facilities should include
drawings or sketches of the rooms, buildings, pits, etc. showing shielding
materials (concrete, steel, lead, earth, etc.), and means for securing materials
from unauthorized removal. Storage facilities should be designed and
materials positioned so that radiation levels do not normally exceed 20 |aSv/h
at from the exterior surface of the storage facility in order to meet the criteria
for an unrestricted area.

In addition to the permanent storage facility, please provide a detailed description of
the precautions that will be taken for storage of material at temporary jobsites. This
should include the following:

(a) A detail of the storage vault or container that is provided on transporting vehicles,
including dimensions and shielding information.

(b) Posting of temporary storage facilities.
(c) Precautions that will be taken to prevent unauthorized removal of radioactive material

from temporary storage facilities.
(d) Precautions that will be taken during transport. Transport containers shall be

physically secured to the transporting vehicle to prevent accidental loss, tampering,
or unauthorized removal.

(11) Health physics instrumentation. A radiation survey instrument is required for all oil well
logging operations. Each radiation survey instrument should be calibrated at intervals not to
exceed 6 months and after each instrument servicing.

Instrumentation and survey methods used during tracer studies should be sufficiently sensitive
to detect the radioisotopes being monitored. A thin-window (less than 2 mg/cm2) GM detector
must be used for beta-emitting radioisotope tracer contamination surveys.

The applicant should specify for each type of radiation detection instrument available to the
programme the manufacturer's name and model numbers, the number of instruments available,
the type of radiation detected (alpha, beta, gamma, and/or neutron), and the sensitivity range
in milliroentgens per hour or counts per minute. For instruments to be used for surveys, the
instrument must have a capability of measuring a minimum of l|j.Sv/hr.

The applicant should submit details if the use of a logging tool as a survey instrument is
proposed, including the radiation detected and the sensitivity range.

Instrument calibration provisions should be detailed in the application. The applicant should
state the calibration frequency, and describe the methods and procedures for calibration of
survey and monitoring instruments as well as any other instruments and systems used in the
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(12)

(13)

radiation protection programme such as measuring instruments used for assay, bioassay and/or
sealed-source leak-test samples.

If instrument calibration will be performed by an organization other than the applicant, the
name of the organization and the calibration frequency should be included in the application.

If an applicant wishes to calibrate instruments, the following information should be submitted:

(a) The type (radioisotope, manufacturer and model number) and activity of the source
to be used and the manufacturer and model number of the device.

(b) The specific procedures to be used for calibration, including radiation safety
procedures to be followed for use of the source. These procedures should include
sample calculations to demonstrate an understanding of how to establish the exposure
rate at a given distance and sample calculations to demonstrate an understanding of
how to correct for source decay.

(c) The name and pertinent experience of each individual who will perform instrument
calibration.

General instrumentation. List any other radiation detection instruments available which are
not routinely used for health physics surveys or monitoring.

Completing application. If a representative of another company assisted the applicant in
completing the application, the name and company affiliation should be listed.

THE APPLICATION MUST BE SIGNED AND DATED.

The application must be signed and dated by an official representative of the applicant, e.g.,
President, Department or Division Head, or other person authorized to sign official documents
to certify that the application contains information that is true and correct to the best of the
applicant's knowledge and belief. Applications that are unsigned will usually be returned for
proper signature.

(14) Schedule example. Complete the required information under this schedule for all
radioisotopes to be possessed and used in studies performed by the applicant.

Example:

Element

1

l i

Mass no.

131

192

Maximum
possession

activity

1.1 GBq

2.2 GBq

Chemical
form

Nal

Physical state

Sand

Use

Channel location

Perforation markers

Attachment

B.3.a

D.l.b

Complete the required information under sealed source(s) and device(s) for all radiation
devices to be possessed at your facility.

Example:

Element

Cs

Mass no.

137

Number of
sources

5.5 GBq

Maximum
activity

150 mCi

Source
mfg./model

Isotopes Inc.
Model P-10

Device
mfg./modei

XYZ Corp.
Model 7492-B

Use

Well
logging

250



(15) Radiological qualifications and training. A resume of the training and experience of each
person who will supervise the use of radioactive material, who will use radioactive material
without supervision, or who will have responsibilities for radiation safety should be submitted.
User qualifications should include instructions in radiation safety practices appropriate for
activities to be performed, and in company requirements, manuals and standard operating
procedures, and radiation regulations, and on-the-job experience actually handling comparable
materials. Descriptions of on-the-job training should include the degree of independent use,
the types and quantities of materials handled, the company or other employer where the
experience was gained, and the length of time over which the training occurred.

In addition, the qualifications of the Radiation Protection Officer should include familiarity
with the competent authority regulations and company requirements and procedures, general
training in basic radionuclide handling techniques and safety practices, and on-the-job
experience actually handling comparable materials. Descriptions of on-the-job experience
should include aspects such as the degree of independent use of radioactive materials, the
types and quantities of radioactive materials handled, the types of surveys and other radiation
safety duties performed, the name and address of the company or other employer where the
experience was gained, and the length of time over which the experience was obtained.

9.6. OVERVIEW OF MISCELLANEOUS SOURCES

There are many different types of miscellaneous sealed sources throughout the world today.
In many countries, these sources may or may not be licensable (regulated) radioactive material. In the
USA, for example, these types of sources are divided up into four separate categories to determine if
they are licensable or not. The following is an outline of one type of programme (USA) for ensuring
the safety of various miscellaneous sources.

General concepts of licensing and types of licenses in the USA:

(1) Specific licenses. Special facilities, equipment and training are required to ensure the safety
of the radiation workers.
Inspection: Persons holding a specific license are inspected at regular intervals.

(2) General license. No special radiation safety training is required for users because there are
special restrictions concerning manufacture, access to the radioactive source, and its disposal.
[Note: A specific license is required for a company to distribute these devices.]
Inspection: Persons using generally-licensed devices are usually not inspected unless a known
or suspected problem occurs which could pose a safety hazard. For this reason, manufacturers
must report the names and addresses of all persons who purchase a generally-licensed device.
(Sometimes routine inspections are conducted, but at much lower frequencies than other types
of licenses.)

(3) Exempt. No special precautions necessary for radiation safety. The requirements for
manufacture are stringent, and the quantities of material in exempt sources are low enough to
pose no significant radiation hazard. [Note: A specific license from the US Nuclear Regulatory
Commission is required for a company to initially distribute these sources.]
Inspection: No inspections are performed.

(4) Unregulated. This category covers all material for which there is no specific regulatory
authority. Naturally Occurring and Accelerator-Produced Radiation (NARM) oftentimes falls
under this category. In the USA, each state has authority to regulate this material, which leads
to confusion, because not every state has regulations covering this material.

In general, all manufacture and distribution of radioactive material is performed under a
specific license.
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9.6.1.Types and uses of miscellaneous sealed sources

Dental products. Since the early 1940s, small amounts of uranium oxide have been added
to artificial porcelain teeth and porcelain powders used in the construction of dental prostheses in order
to impart a fluorescent quality similar to the natural fluorescent appearance of normal teeth. The result
has been a cosmetic benefit to the users of the dental prostheses.

In 1977, approximately 40 million porcelain teeth were distributed in the U. S. The average
tooth weight was about 0.6 grams, of which 0.03% by weight is uranium. This is equivalent to about
ten pounds of depleted uranium. The risks to the individual who elects to wear dental porcelain
prostheses are difficult to determine. The radiation dose rate to the basal mucosa from one porcelain
tooth containing 300 ppm of uranium was found to be about one rem per year. It appears the
probability of cancer induction from natural factors is much higher-than from the potential dose from
uranium in dental porcelain.

Electron tubes. Radioactive materials are currently in widespread use in many electronic
applications. Faster and more reliable operation is achieved through preionization of the gases encased
in electron tubes. Among the most common uses of electron tubes are voltage regulation, current surge
protection, and as indicator lights. Indicator lights are provided in many appliances on the market, such
as clothes washers and dryers, stereos, coffee makers, and pinball machines. Such lights typically
contain tritium or Kr-85 with activities in the range of 37-185 kBq ( 1 - 5 mCi)per unit. The other
electron tube applications use radionuclides including Cs-137, Ni-63, Co-60, Pm-147, and Kr-85. The
activities per unit are usually below 37 kBq. Several hundreds of millions of indicator lights have
been distributed in the last few years. Several million of the other electron tubes are distributed
annually.

The level of risk associated with the normal use and disposal of electron tubes and with
accidents is very low. Since some degree of benefit is gained by incorporation of radionuclides into
electron tubes, and since this benefit is not achieved at a large increase in cost, these products are
considered to be acceptable from both a cost- and risk-effectiveness point of view.

Fluorescent lamp starters. A fluorescent lamp starter is a device which functions to preheat
the filaments of a fluorescent lamp. When fluorescent lighting was first designed and marketed, there
were no fluorescent starters in their circuit and the functional life of these lamps was a few hundred
hours. The design of circuitry, which includes some method of preheating the filaments of the
fluorescent lamps, has managed to extend the functional life of a fluorescent lamp to 7 000 hours or
more. In the later 1940s and early 1950s, uranium was used in some of the more popular models of
fluorescent lamp starters. In the mid 1950s, the industry switched to thorium in place uranium.

Ten to 15 years ago, the USA fluorescent lamp starter market amounted to an annual volume
of 75 to 80 million units. In 1978, the annual USA sales volume for fluorescent lamp starters was 18.4
million. This drop in sales volume is the reflection of functional changes in fluorescent lamp circuitry.
Today the consumer market is the main area of use for the 40 watt fluorescent lamp and it is this
device that still requires the aid of starter circuitry.

No major environmental impacts were found for any manufacturing, distribution, use, or
disposal operation related to thoriated fluorescent lamp starters.

Gas chromatography devices. These devices are used to analyze different organic chemical
compounds. An ionization source of H-3 or Ni-63 (low energy beta emitters) is plated on a foil
contained in a detector cell. The source maintains a standing current with a stream of pure argon gas.
When material with a high electron affinity enters the chamber, the ion current falls, and this change
in current is displayed.
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Glassware and ceramic tableware. Uranium compounds have been used for many decades
to produce pigmented glazes for glassware and ceramic pottery and tableware. Examples of products
containing uranium compounds are platters, pitchers, tumblers, vases, mugs, and bowls. Sodium uranyl
carbonate was commonly used to produce fluorescent and iridescent glass in the past. Uranium oxides
and sodium uranite were use, in ceramic glazes, with concentrations ranging from one to 20% by
weight.

Today, no manufacturer is known to use uranium as a glaze material for dinnerware, though
the manufacture and distribution of decorative glassware containing U3O8 still takes place.
Approximately 480 000 glassware pieces were distributed in 1978. As recently as 1972, drinking
glasses containing uranium were distributed.

In the case of both decorative glassware and glazed ceramic products, some exposure of the
public to ionizing radiation will result. In some instances, these exposures may be significant. Since
the use of uranium in these products results in little or no benefit in terms of the health or well-being
of the public, and since suitable substitutes for uranium exist, it is concluded that the exposures
incurred as a result of product distribution and use, while low in most cases, are unnecessary and
unwarranted.

Incandescent gas mantles. The use of thorium in gas mantles began in 1885 when the
Austrian Baron Carl Auer von Welsbach began investigating the properties of rare earth minerals.
Since then incandescent lighting utilizing mantles has been used for home lighting, street lighting,
automobile lighting, and for other outdoor lighting. Today, the mantles are used primarily for outdoor
lighting, particularly camping, and some home use.

Incandescent mantles are used primarily in gas-fired lanterns and operate in a relatively simple
manner. A vortex passes gas from a supply to the mantle. The mantle resembles a fine screen or wire
mesh which surrounds the vortex. The gas flame produced from the vortex heats the mantle causing
heat energy to transfer into light which is emitted from the mantle. The thorium in the mantle
increases the emissivity of the mantle and the evenness of light produced. Typical mantles contain
between 250 to 400 mg of thorium as oxide.

As of 1980 it was estimated that 25 million mantles are distributed annually. Approximately
82% are used in portable lanterns and 12% are used for residential lighting. The health hazards or risks
due to thorium mantles are of two types. The first is due to the radioactive nature of Th-232 and its
progeny. The second is due to the use of beryllium in mantles and the potential for the development
of beryllium disease. The largest impact due to the radioactive nature is from use by campers and their
families. The mechanisms most responsible for exposure are mantle replacement by campers and
radon-220 (Rn-220) emanation from lanterns used by campers and their families. Accidents with
mantles were found to be potential health hazards, but were not found to be excessive.

Ophthalmic lenses. The base material in ophthalmic glass is silica. Other materials are added
to adjust the density and refractive index of the glass. Various oxides are used including zinc oxide.
Thorium and uranium are natural contaminants of both silica and zinc. Manufactures of ophthalmic
lenses have indicated that no thorium, uranium, or other radioactive materials are intentionally added
to their products. An Ophthalmic Glass Radiological Standard has been published by the Optical
Manufacturers Association to establish a uniform maximum level for radiological emissions from
ophthalmic glass.

Currently about 30 million ophthalmic lenses are distributed annually. This corresponds to
about 55% of all ophthalmic lenses in distribution. The other 45% consists of plastic lenses. The 1977
population of people wearing eyeglasses was 96 million.

Alpha particles are emitted from glass ophthalmic lenses. The alpha dose to the corneal
germinal layer of the eye of a wearer was estimated to be about four rem per year. However, the
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overall environmental impact due to glass ophthalmic lenses containing thorium and uranium is found
not to be significant.

Radioluminous timepieces. The principle of radioluminescence has been used since about
1910 for the purpose of illuminating the hands and dials of timepieces. Radium-225 (Ra-226) was used
initially, but in recent years, tritium (H-3) and promethium-147 (Pm-147) have become the principal
radionuclides used in radioluminescent products.

Until recently, these radionuclides were used with phosphorescent paints which were applied
to the various timepiece components. An application which has become popular in recent years is the
gaseous tritium light source (GTLS). These sources consist of small borosilicate glass tubes whose
inside surfaces are coated with zinc sulfide. The tubes are filled with gaseous tritium and sealed. The
main consumer use of the GTLSs has been as backlight sources for liquid crystal display (LCD)
watches.

In 1977, the annual distribution of timepieces containing radioluminous paint was about seven
million with H-3, about two million with Pm-147, and about 200 000 with Ra-226. In 1978, about two
million watches containing GTLSs were distributed.

Analysis of the radiological impacts due to the life span of radioluminous timepieces from
manufacture to disposal indicates that there is a small but positive health risk associated with the total
number of radioluminous timepieces currently in distribution. When compared to the current cancer
mortality rate, the radiological impact of radioluminous timepiece use appears to be very low, if not
completely insignificant.

Smoke detectors. The ionization-type smoke detector usually uses microcurie quantities of
Am-241 rolled into a very thin foil. Up to 3.7 megabecquerels (100 microcuries) of Am-241 may be
used in commercial systems, while smoke detectors found in most homes use from 18.5 to 37
kilobecquerels (0.5 to 1 microcurie). Some very old systems use up to 37 kilobecquerels (1 microcurie)
of Ra-226.

The device operates by allowing alpha particles from the source to ionize the air between two
electrodes, thus allowing a current to flow when a potential is applied. Smoke particles, if present,
attach to the ions in the air and reduce the current. This reduction in current triggers an alarm.

Static eliminators. These devices are used to remove static charges and maintain dust-free
conditions. They are used in the food packaging (plastics), electronics, and plastics manufacturing
industries, and are commonly used to eliminate static charges on records and photographic film. The
most commonly used nuclide in the USA is Po-210, an alpha emitter with a 138 day half-life. The Po-
210 is typically incorporated into ceramic microspheres (approximately 40 micrometers in diameter),
and affixed to an aluminum backing with epoxy cement.

The emitted alpha particles ionize the air within a five centimeters of the source. The resulting
ions neutralize the charge on the record or film and thus reduce the accumulation of dust.

Tritium luminous signs and markers. Exit signs, deck markers and gun sights typically
contain H-3 mixed with a phosphor, which emits a green light. Problems: Consumers are usually
unaware that H-3 exit signs contain radioactive material, and often return the devices to the
manufacturer when they discover this fact.

Thoriated tungsten welding rods. Several different welding processes are currently used by
industry, including arc welding. Arc welding produces coalescence of two metal objects by heating
the work metal with an electric arc or arcs. Arc welding equipment uses two kinds of electrodes,
carbon or metal. One type of metal electrode is the tungsten electrode, which can be pure or alloyed
with thorium oxide or zirconium oxide. The weight percent of thorium oxide in electrodes ranges from
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0.35 to 2.2. The addition of thorium in tungsten electrodes increases electron emissivity, allows greater
current carrying capacity, increases life, and offers greater resistance to contamination compared to
pure tungsten.

Information on thoriated tungsten electrode distribution is not available from published
references. It is estimated that 5.2 million electrodes are produced and used annually in the U. S. This
corresponds to an annual use of about 3 000 pounds of thorium oxide.

The radiological health implications of thoriated tungsten welding electrode usage are found
to be low and within acceptable levels, considering the important benefits achieved through their use.
Virtually all of the health risk associated with the electrodes is from the inhalation of thorium released
during normal use.

X ray fluorescence (XRF) devices. These devices are used to analyze material containing
various elements such as lead or sulphur. The radiation from the source excites atoms of the elements
present in the sample, and removes electrons from the sub-shells surrounding the nucleus. When
electrons from outer shells move to fill the gaps in the sub-shells, they emit radiation at energies
characteristic of that material. The source of radiation used depends on the elements the user wants
to detect. For example, Co-57 is commonly used to detect lead in paint. Other radionuclides, such as
Cd-109, Am-241 and Fe-55 can be used to detect other elements.

Other sources. There are many other uses for radioactive material. Ra-226 has been mixed
with a scintillator (ZnS) to make various radioluminescent materials, including clock dials, pull chains
on light bulbs, fishing lures, aircraft instrument markers and telephone dials. Uranium oxides and
sodium uranite have been used to produce black, brown, green, yellow, orange and red glazes for
ceramics.

There are also actual 'sources' containing very small quantities of radioactive material used
as calibration and reference check sources at hospitals, research institutions and nuclear power plants.

9.6.2. Licensing

The following information is an outline of what would be needed in order to apply for a
license for any of the devices /sources discussed in section 9.7.1.

General - Name, address, and location of use.

A. The radioisotope.
B. The manufacturer and model number of the foil source, plated source, or sealed source.
C. The amount of radioactive material in each source.
D. It is not necessary to designate the number of sources that they may want to possess at any

one time.
E. The manufacturer and model number of the detector cell used in the gas chromatography

device or the manufacturer and model number of the X ray fluorescence analyzer.
F. The purpose for which the device will be used.
G. The name of the individuals who will be responsible for the radiation safety programme.
H. If they do not propose to perform any maintenance or repair on the gas chromatography

device or X ray fluorescence analyzer, no specific training and experience in the use and
handling of radioactive materials is necessary for individuals who will use it or supervise its
use. No special training or experience is needed to perform leak tests using a leak test kit or
to clean detector cells used in gas chromatography devices provided the source or foil is not
removed from the detector cell.

If they propose to perform any operations that involve removal of sources from the device or
maintenance and repair of a device that involves the source, only a 'responsible individual'
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may perform these operations. This 'responsible individual' must have received instruction and
training in the principles and practices of radiation safety, the use of radiation detection
instruments, and the performance of these operations. Such training may normally be
accomplished in one or two days.

They should provide the name of each 'responsible individual' who will perform the
operations and an outline of the instruction and training each 'responsible individual' has
received in the principles and practices of radiation safety, the use of radiation detection
instruments, and the operations that will be performed, including actual practice in performing
the operations. The amount of time spent on each topic in the training should be specified as
should the name and affiliation of the person who provided the instruction and training and
this person's qualifications to conduct the operations.

I. Persons who will only use the device do not need any special training in the use and handling
of radioactive material; follow the users manual.

J. The room, laboratory, or area in which the device is located should be accessible only to
persons authorized to use the device and locked when an authorized person is not physically
present.

K. For normal operation for the intended purpose, of gas chromatography devices or X ray
fluorescence analyzers, the users do not need to use personnel monitoring devices, nor do they
need to use them in the maintenance and repair operations if the radiation source in the gas
chromatography device or X ray fluorescence analyzer is in gaseous form or is nickel-63.

If their programme includes maintenance and repair operations that involve the sealed source,
personnel monitoring devices should be used by persons performing these operations. They
should state that personnel-will be provided with either film badges or thermoluminescent
dosimeters (TLDs) for use while performing service operations, state the frequency of change
for the personnel monitoring devices.

L. They do not need to have a survey meter for routine use of gas chromatography devices or
X ray fluorescence analyzers, nor do they need to have one if they perform maintenance and
repair operations if the radiation source is gaseous or nickel-63.

If they wish to perform the maintenance and repair operations that involve a sealed source,
other than gaseous or nickel-63 they should have a survey meter that can measure the radiation
levels to which personnel would be subjected during these operations.

In order to perform appropriate surveys, instruments must be operable and calibrated with an
appropriate radiation source. The survey meter should:

(1) be calibrated so that the readings are ±20 % of the actual values over the range of the
instrument,

(2) have a calibration chart or graph that shows the results of the calibration, the date of
the last calibration, and the due date for the next calibration affixed to it, and

(3) be calibrated at intervals not to exceed one year and after servicing. Identify who will
calibrate the instrument. If the person or firm is not a licensee, provide a copy of the
procedure used for instrument calibration.

For detailed information on survey instrument calibration, refer to ANSI N323-1978,
"Radiation Protection Instrument Test and Calibration." Copies may be obtained from the
American National Standards Institute, 1430 Broadway, New York, NY 10018.
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M. It is necessary for tests to be made to determine whether or not there is any leakage from the
radioactive source. Some source/device combinations have Jeak test intervals up to three years.
Unless a specific request for the three year leak test interval is included in the application, a
6-month interval is specified in licenses. Tests to determine whether there is any leakage are
not required for sources containing radioactive material in gaseous form. The measurement
of the leak test sample should be quantitative and should be sufficiently sensitive to detect 185
becquerels (0.005 microcurie) of radioactivity. The options for leak testing are:

(1) Engage the services of a consultant or commercial facility to take samples, evaluate the
samples, and report the results to you.

(2) Use a commercial leak test kit. You take the smear and send it to the kit supplier, who reports
the results to you.

(3) You perform the entire leak test sequence yourself, including taking the smears and making
the measurements.

For option (1) specify the name, address, and license number of the consultant or commercial
organization.

For option (2) specify the kit model number and the name, address, and license number of the
kit supplier. They should state that the test samples will be taken by the individual who is
responsible for the safety programme.

For option (3) specify how and by whom the test sample will be taken, the instrument that
will be used for measurement, and the individual who will make the measurement and his or
her qualifications. An instrument capable for making quantitative measurements should be
used. Hand-held survey meters will not normally be considered adequate for measurements.
A sample calculation for conversion of the measurement data to becquerels (microcuries)
should be included.

N. If they requested authorization to perform the maintenance and repair operations, they should
state that they will follow the written procedures provided by the device manufacturer for each
such operation requested. If they will follow a procedure other than that provided by the
device manufacturer, they should submit the procedure proposed to be used for each operation
requested.

O. Because of the nature of the licensed material contained in the devices, the only option for
disposal is to transfer the material to an authorized recipient. They should state that disposal
will be by transfer of the radioactive material to a licensee specifically authorized to possess
it, such as the original supplier of the device, a commercial firm licensed to accept radioactive
waste from other persons, or another specific licensee authorized to possess the licensed
material.

9.6.3. Safety experience

The use of radioactive materials in products intended for use by consumers must be regulated
in order to protect consumers from potential harm. It is obvious that products intended for ingestion,
inhalation, or human application (e.g., foodstuffs, beverages, and cosmetics) should not contain
radionuclides that are added intentionally, however, other products that achieve benefits ranging in
nature from convenience to life-saving may contain intentionally-added radionuclides if the addition
of the radionuclide permits the particular benefit to be realized.

Only very few instance have occurred when there has been a problem with any of these small
sources. In the USA, problems arose out of 3M-brand static eliminators. There were no significant
problems with human ingestion or inhalation exposure to the microspheres. The microspheres are so
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large that they do not stay airborne long enough to be inhaled. The problem was caused by use of the
device in harsher environments than those indicated in the manufacturer's literature. In this case, the
devices were being used in environments that were unsuitable for them. Consequently, all 3M-brand
static eliminators were recalled in 1988. Overall, these radioactive products have a good safety and
provide a wide range of valuable services to the customers as intended.
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10. ORGANIZATION AND IMPLEMENTATION OF A
NATIONAL RADIATION CONTROL PROGRAMME

Virtually, all Member States of the IAEA utilize radioisotopes in research, medicine and
industry. The extent to which radioisotope practices are employed in Member States varies
considerably, depending largely upon social and economic conditions and the level of technical skills
available. All Member States do, or should, seek to achieve a level of safety for the use of
radioisotopes which is at least comparable to the safety implied in the IAEA's Basic Safety Standards
for Radiation Protection. How this can be accomplished in a cost effective manner depends on a
variety of factors including the scope and size of radioisotope practices employed, the number of
personnel and depth of skills available to operate a regulatory programme and available budget.
Depending on these factors, there are a number of options available to formulate a cost effective
regulatory programme which achieves safety goals in a manner compatible with national resources and
needs.

10.1. ELEMENTS OF A REGULATORY PROGRAMME INFRASTRUCTURE

10.1.1. Basic elements of a regulatory programme infrastructure

For purposes of this section it is assumed that Member States have enacted legislation which
establishes authority to conduct a regulatory programme governing the safe use of radioisotopes.
Starting this point, an adequate regulatory programme must include four basic elements: regulations,
licensing or notification/registration, inspection and enforcement.

10.1.1.1. Regulations

Regulations define the basis upon which persons may be authorized to use radioisotopes and
the safety criteria which must be met during the course of such use. As employed in this guide, a
person can be an individual or an organization.

10.1.1.2. Licensing, registration, notification

Licensing grants authority to a person to use radioisotopes within the parameters specified in
the license. Licenses are normally granted only after the regulatory authority reviews a written
proposal (application) submitted by a person planning to use radioisotopes. The application should
demonstrate that the proposed use is likely to be conducted safely and in compliance with applicable
regulations. Notification/registration (hereafter referred to as registration) is less rigorous than
licensing. Basically, it tells the authority who is using radioisotopes, what radioisotopes are being used
and the purpose of their use. It identifies radioisotope users for inspection purposes and enables the
regulatory authority to establish a priority system for inspection depending on the nature of the
practice and the radioisotopes involved.

10.1.1.3. Inspection

Inspection conducted by the regulatory authority is the on-site examination of radioisotope
operations to determine that radioisotopes are being used safely and in compliance with the regulations
and license requirements.

10.1.1.4. Enforcement

Enforcement is the action taken by the authority to affect correction of unsafe conditions or
noncompliance with regulations. It typically includes combinations of on-site instructions by the
inspectors to correct problems, formal notifications to users which identify deficiencies or violations
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and demanding a reply regarding corrective actions, orders requiring corrective actions and, in extreme
cases, orders which revoke the users' authority to use radioisotopes. Such actions may be
accompanied by civil penalties or fines to further emphasize the serious nature with which the
authority views violations. In extreme instances criminal penalties might also be invoked.

10.1.2. Balancing regulatory programme elements

Depending on the extent to which radioisotope practices are utilized within a Member State
and the resources available to regulate their safe use, there are trade-offs in the formulation of the
programme elements of regulation, licensing/registration and inspection in order to optimize
programmatic effectiveness.

10.1.2.1. Performance Regulations vs Prescriptive Regulations

Regulations can be characterized as being either predominately performance oriented or
prescriptive oriented. A performance oriented regulation specifies operational parameters and
requirements. A prescriptive oriented regulation specifies how to achieve safety. A simplified
example of a performance oriented regulation would be one which requires that occupational exposure
remain within a 20 mSv per year dose limit averaged over five consecutive years; that the user
conducts such surveys and personnel monitoring as may be necessary to assure dose remains within
limits; and that records of surveys and personnel dosimetry be maintained to demonstrate compliance.
A prescriptive regulation, for example, one applicable to industrial radiography, would specify the type
of survey meter to be used, when to conduct surveys, how to keep records, etc., all aimed at
maintaining dose within limits and preventing accidents.

Performance oriented regulations have an advantage in that they are relatively simple to
develop, particularly since there is broad IAEA guidance available. They are usually broadly
applicable to a variety of radioisotope practices and do not need to be changed frequently to keep up
to date with changing radioisotope technology. They do, however, require interpretation as applied
to specific types of practices to determine by virtue of the radioisotope users training, facilities and
equipment and operating procedures that the objectives of the performance regulations will or are
being met. This places an increased burden on the time and skills of the licensing and inspection staff.

Prescriptive regulations, by their very nature, are practice specific. They have the advantage
of informing both the regulatory staff and the user more exactly about what is required to conduct a
specific radioisotope practice. They reduce the time and skills necessary to perform a licensing review
or conduct an inspection.

The use of prescriptive regulations often enables the licensing and inspection process to be
reduced to a 'checklist' type of review. They are best suited for practices where procedures and
equipment employed are very similar from one licensee to another and there are a large number of
licensees engaged in the practice, e.g., industrial radiography.

Prescriptive regulations have disadvantages in that they are more difficult to prepare, requiring
an individual with expert knowledge of the specific practice in question as well as knowledge of
applied radiation safety. They are narrowly applicable to a specific practice. Also, they may need
to be amended more frequently than broad performance regulations to keep pace with technology
changes within a specific practice.

As a practical matter, most regulatory authorities will need an overall performance regulation
governing radiation protection, such as that embodied in the IAEA's Basic Safety Standards for
Protection ageinst Ionizing Radiation and for the Safety of Radiation Sources (Safety Series No. 115-1),
and develop more prescriptive regulations directed at meeting the broad requirements for those
radioisotope practices that have a high volume of use. This will enable the regulatory body to use its
more scarce, highly skilled personnel for preparation of regulations, and to conduct licensing and
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inspection of infrequently used practices against performance regulations. Lesser skilled persons can
utilize the more precise prescriptive regulations in the licensing and inspection process.

When considering the balance between performance and prescriptive regulations it should be
borne in mind that there is no bright line to distinguish between the two. Most regulations contain
elements of both. The issue is one of general orientation or dominate characteristic of the regulations,
i.e., performance or prescriptive.

10.1.2.2. Licensing vs registration

Licensing is a more positive safety control procedure than registration. It enables the authority
to review and reach conclusions about the safety of the proposed radioisotope use before operations
commence. It is resource intensive and requires review by personnel that have technical training; the
level of training being dependent in part on the mix of performance and prescriptive regulations
against which the application is evaluated. Registration is less resource intensive and ordinarily
requires only clerical staff to properly record and document the registration. However,registration does
not offer the advantage of a pre-operational safety review as does licensing.

Registration tends to place a greater burden for assurance of safety on inspection than does
the case for licensing. However, there are certain types of practices where little is to be gained by
issuing individual licenses and registration can accomplish what is needed. A typical candidate for
registration is one where safety is almost completely dependent on the nature of the equipment in
which the radioisotope is used, with little emphasis, if any, on specialized safety training and operating
procedures, and the volume of use is high. Practices such as those associated with the use of
radioisotopes in industrial gauging devices is an example. Here, the safety of the device can be
evaluated and a few simple instructions and prohibitions formulated prior to permitting a vendor to
market the device. Therefore, little is to be gained by licensing evaluation of each proposed user of
the device. It is, however, useful to know who is using such devices so that they can be inspected,
usually on a statistical sampling bases or on a relatively low priority. This can be accomplished
through registration.

10.1.2.3. Revalidation of licenses and registration

Licenses and registration might or might not have an expiration date. If the license or
registration is valid only for a specified period, the user must re-apply or re-register for continued use.
The advantage of setting an expiration date for licenses is that it provides an opportunity for the
authority to reassess licensed programmes against current regulations, changes that might have
occurred in the user's programme, and inspection findings. The renewal process for both licenses and
registrations also helps to keep the authority up to date on where and how radioisotopes are being
used. Finally, it draws attention to the users that they have regulatory safety obligations to meet. This
type of contact with the regulatory authority is particularly helpful where inspections are conducted
infrequently because of resource limitations. The disadvantage of renewal of licenses or re-registration
is that it requires additional resources, much more so for licensing than registration. Typically,
licenses are issued for periods ranging from 1 to 10 years. Registration can be made to cover short
periods, often annually, because resource requirements are much less. Considerations which bear on
the length of period to be covered by a license or registration include the frequency of inspection,
safety record within a practice, likelihood of changes within the user's operation and the frequency
of regulatory changes governing the practice.

10.1.2.4. Inspection

Inspection is the component of the regulatory infrastructure that provides the most positive
assurance that radiation safety requirements are being met, or if not being met, provides the
oppo tunity to enforce corrective actions. It involves the on-site observation of operations and is very
often the only mechanism through which the regulatory authorities come in direct personal contact
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with users. Because it is the component of the regulatory regime closest to actual operations, it is
normally where the bulk of regulatory resources should be spent.

Most regulatory bodies are resource limited in two ways; the number of people that can be
employed and the skill level in radiation protection and radioisotope technology available for
employment. The latter may be particularly limiting for small programmes, such as those of
developing nations. When making decisions about what regulations to issue, (performance vs
prescriptive) and what licensing or registration procedure to follow, it is important to take into account
the number and types of resources available for inspection. Performance regulations place a burden
on the inspector to interpret the regulations as they apply to a particular operation in order to assess
compliance and safety. It generally requires a very good knowledge of radiation protection principles
and practices as well as a good understanding of the radioisotope operation being inspected.
Prescriptive regulations allows much of the inspection to be reduced to a 'checklist' i.e., the inspector
observes whether or not the licensee has facilities, equipment, records, etc., prescribed by regulations
and the license, and that the records reflect safe operation. The more extensive the training of
inspectors, the greater the confidence of authorities that poor safety conditions will be detected.
However, reasonable confidence can be obtained by using technician level personnel, with basic
training in radiation safety and isotope technology, inspecting against a prescriptive regulations reduced
to a checklist. Prescriptive regulations coupled with checklist inspections are particularly suitable for
operations such as industrial radiography, well-logging, industrial gauging and nuclear medicine where
there are usually a larger number of such licensees and, within any practice, operations are very similar
from one licensee to another.

The priority and frequency of inspection will also be influenced by whether the operation is
licensed or registered. In general, pre-operational safety review for licensing somewhat reduces the
priority and frequency of inspection. The greatest influence on inspection priority and frequency,
however, will depend on the type and frequency of violations found during inspections. In order to
establish a priority system therefore, it is necessary to compile statistical data on performance within
practices to establish priorities.

10.1.2.5. Enforcement

A strong and effective enforcement programme is a key component of the regulatory
infrastructure for assuring the success of regulatory objectives.

The regulatory body must have sufficient authority to impose sanctions that will deter
deliberate or careless deviations from the regulatory standards. Voluntary compliance with safety
standards is normally quite high but, pressures of time, economic competition, or worker
dissatisfaction, can result in serious violations of regulatory standards and harm or risk of harm to
radiation workers. Training and high qualification criteria are unfortunately not sufficient to deter
bypassing of safety systems. Serious accidents have occurred because of decisions by well educated
and highly experienced scientists and managers. Thus the deterrence provided by a credible
enforcement policy is a necessary component of the regulatory programme.

Enforcement is an activity which demands a high priority and dedicated effort. It can only
be accomplished by instilling an enforcement attitude with the regulatory body. Enforcement
mechanisms were identified in paragraph 2.3. The battery of enforcement mechanisms selected by
individual nations will vary depending on how it enforces its other laws and regulations. However,
establishing a published enforcement policy will put radioisotope users on notice about the possible
sanctions and penalties for failure to comply with regulatory requirements. A published policy also
benefits the regulatory staff by providing guidance and justification for enforcing the standards and
requiring prompt and effective corrective actions. This is particularly true when prescriptive standards
have been violated but there has been no apparent harm to radiation workers. Such standards are
preventive and may be intended to reduce the risk of accidents which might already have a fairly low
probability of occurrence. If the regulatory staff, by not taking enforcement action because no harm
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was done, sends the message that ignoring the standard is acceptable, there will be a gradual erosion
of the margin of safety provided by the regulations. A published policy, therefore, assures that any
decision not to enforce a regulatory standard will be reviewed and either accepted or rejected by
responsible individuals at an appropriate level of authority in the management of the regulatory
programme.

The methods by which safety is achieved in a radioisotope practice has bearing on the
formulation and balancing of the regulatory structure governing the practice. Safety is achieved in all
practices through some combination of facilities and equipment, operating procedures and training of
personnel. For purposes of this guide these are termed safety elements. However, the relative
importance of each of these safety elements varies depending on the practice. Each safety element
will have a bearing on the safety of a practice, but because of the particular characteristics of a
practice, i.e., the radioisotopes involved, where and how they are used, the level of technical
knowledge that can reasonably be expected on the part of the user, etc., one or two of the safety
elements usually has more importance in assuring safety than do the others. These safety elements
must be weighed and balanced to assure safety. In order to reduce human error, it is preferable, in
general, to have safety achieved mainly through reliance on the design of equipment and facilities
where feasible. Second most important are very specific, step by step operating procedures where the
nature of the operations are reducible to such procedures. If high confidence in safety cannot be
realized through some combination of these two, then it is necessary to require users to be highly
skilled and trained in radioisotope technology, particularly as it relates to safety. Examples of the
relative role of safety elements can be illustrated by the following practices:

In the case of most industrial gauging, safety is almost completely dependent on the safety
design of the gauging device itself, coupled with very simple operating instructions and very
little, if any, training of personnel.

In the case of industrial field radiography, while the design of the device is important, the
operation involves removal of the source from the shielded device for radiographic exposures
and there is significant potential for acute exposure of personnel. Also, radiographers are
largely drawn from the unskilled labour pool. It, therefore, cannot be expected to train such
persons to a level where they can make independent evaluations about safety conditions and
take actions on those decisions. Consequently, safety is mainly assured by requiring
radiographers to follow a simple set of step by step operating procedures and assuring that
they are trained to follow such procedures.

At the other end of the spectrum, research practices employing radioisotopes involves
day-to-day changes in the activities being conducted. While it is possible to specify some
basic equipment necessary to operate safely and to establish some generally applicable safety
procedures to be followed, day-to-day safety is largely dependent on the researchers, or an
appointed radiation safety officer in the research establishment, having sufficient training and
experience to understand the safety significance of their particular operation and determine
what equipment and procedures are necessary to assure safety.

Balancing safety elements related to specific practices with regulatory framework

The relative importance of the three safety elements as applied to a specific practice may be
taken into account in the following ways for the formulation of a regulatory framework:

If the number of users is large within a practice and

Safety is almost entirely dependent upon device design; consider combination of prescriptive
regulation and registration.
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Safety is very dependent on facilities and equipment and highly dependent on following very
specific operating procedures; consider prescriptive regulation along with licensing in order
to pre-evaluate operating procedures as well as facilities and equipment.

Safety is very dependent on the ability of the user to evaluate radiation safety conditions and
make safety decisions; consider performance regulations and licensing in order to pre-evaluate
the ability of user to perform safely.

If the number of users is small, general performance regulations are usually sufficient if
coupled with licensing so that safety can be evaluated against the performance regulations prior to
operation. The use of licensing guides and standard review plans as described in Chapter 5, can
facilitate the licensing process.

Examples of dominate safety elements governing practices

In Table 10.1 the relative importance of safety elements for some of the more common types
of radioisotope practices is shown.

10.1.3. Basic procedures to assess and assure programme effectiveness

10.1.3.1. Management

In order to assure radiation safety, it is important to have mechanisms to assess the
effectiveness of the regulatory programme. This is a continuing effort which demands constant
management attention. It has many facets, such as assuring that the regulatory body is properly staffed
and trained, conducting supervisory overview of the quality of licensing and inspection, assuring
effective enforcement action and assuring staff adherence to regulatory policies. Management will
often find it useful to have the quality of the programme periodically assessed by an outside
independent body. This helps management recognize problems or weaknesses not readily apparent
in the press of day to day activities. It also lends credibility and public confidence in the programme
if examined independently by recognized experts and, action taken on recommendations. A standing
regulatory advisory committee can often perform this task.

In situations where resources for an appropriate advisory committee are limited, the IAEA can
assist management with the assessment of programme effectiveness. The IAEA is prepared, upon
request, to organize a team of experts to conduct systematic assessments of radiation safety at facilities
engaged in the extensive use of radioisotopes. The effectiveness of regulatory control over safety of
facility operators is part of the assessment. An IAEA assessment also provides an opportunity for
inspectors in developing programmes to observe the inspection techniques utilized by experienced
personnel on the IAEA team.

10.1.3.2. Analysis of programmatic data

Statistical data about the type and frequency of non-compliance found during inspections
should be compiled and analyzed. Findings might indicate a need for more clear or more prescriptive
regulations; more in depth review during the licensing phase; or additional requirements placed on the
regulated practice. Such data can also provide useful feedback for establishing inspection priorities.

Analysis of accidents or events that occur at authorized operations to determine if there are
generic implications for others involved in the same type of practice is also essential. This can involve
analysis of problems related to equipment design, operating procedures, or quality assurance, where
corrections might be accomplished at the source of the problem, e.g., equipment manufacturers, rather
than at the user level. If it is determined that there is a generic problem, follow-up action is necessary
and may take a variety of forms. For example, it may involve notification of licenses of a particular
type of potential problem to which they should be alert; withdrawing a particular type of device from
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TABLE 10.1. VERIFICATION OF THE RELATIVE IMPORTANCE OF SAFETY ELEMENTS FOR SOME OF
THE MORE COMMON TYPES OF RADIOISOTOPE PRACTICES*

Practice Facilities and equipment Detailed operating
procedures

Level of training and experience
to make radiation safety decisions

Medical**

Radiopharmaceutical
diagnostics and therapy

Teletherapy

Brachytherapy

In vitro tests

Medium

High

Medium

Low

High

High

High

High

Medium

Medium

Medium

Medium

Industrial sealed sources

Fixed gauges and control
devices

Portable gauges and
measuring systems

Field radiography

Fixed facility radiography

Well logging

Commercial product
irradiators

High

High

Medium

High

Medium

Low

Medium

Very high

High

High

Low

Low

Medium

Low

Medium

Other industrial

Field tracer studies

Radiopharmaceutical

Manufacturing
radioisotope

Processing and sealed
source manufacturing

Low

High

High

High

High

High

Medium

Medium

Medium

Research and laboratory analysis

Research utilizing
unsealed radioisotopes

Analytical instruments
utilizing sealed sources

Research irradiators

Medium

High

High

Low

Low

High

Very high

Low

Low

Services

Leak testing

Instrument calibration

Radioactive waste
processing and packaging

Equipment maintenance
and source chance (e.g.
teletherapy units)

Low

Medium

High

High

High

High

Medium

High

Low

Low

Low

Medium

Relative importance applies only to comparison of importance within a practice; not from one practice to another.

Regulation of nuclear medicine and radioisotope therapy can be a particularly difficult area for a regulatory authority
because there is no bright line between radiation safety of workers and the public (including patients) and the practice
of medicine where physicians must necessarily make medical decisions about what is appropriate for patient treatment
and management. Skill level requirements for physician qualifications to diagnose and prescribe treatment are
excluded from consideration in this chart.
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service; requiring modifications by a device manufacturer; or modifications of the regulations or
licenses authorizing uses. In order to accomplish this type of activity it is necessary to have reporting
requirements about accidents and events in the regulations.

10.1.3.3. Feedback to radioisotope users

A useful supplement to the analysis of inspection data, accidents and enforcement actions is
to provide periodic information to licensees about findings. This keeps users alert to problems they
may encounter and the consequences if not properly addressed. Information can be exchanged in
meetings or by mailing notices of significant findings (see Annex I for examples of information
notices).

10.1.4. Regulatory staff training and experience

The training requirements for a regulatory staff to operate an adequate programme are difficult
to prescribe specifically because of the many variables from one programme to another. (See Annex
III for an outline of training requirements for inspectors of radioisotope licensees utilized in a large
national regulatory programme.) These variables include the options in the regulatory structure as
described in this guide, the size and scope of practices subject to regulation and, most important, the
general level of skills available for recruitment by authorities into the programme. Needless to say,
the higher the level of skills within the regulatory staff, the better the programme is likely to be.
However, it is unrealistic to expect that any nation will be able to recruit a staff with the exact balance
of skills necessary to accomplish its radiation protection mission. Training to enhance and maintain
proficiency in the discharge of the regulatory programme is a continuing task. With this in mind, the
following observations and suggestions are made:

The staff should be organized around a core group, or in smaller programmes a single
individual, with an undergraduate or graduate degrees in radiation protection theory coupled
with practical experience. The core group might also consist of individuals with scientific or
engineering degrees coupled with broad training and practical experience in radiation
protection.

More junior staff with scientific or engineering degrees can be trained in basic radiation skills
through short courses usually lasting a few weeks to several months. Such courses are
sponsored by the IAEA or available at universities in a number of countries. These skills can
be enhanced by on the job training at locations where radioisotopes are used or by temporary
assignments in regulatory programmes of countries where the programme is well matured.

Technician level personnel should have highly specific tasks assigned and then trained in those
tasks. This can usually be accomplished by 'in house' training provided by the core group.

All levels of staff should be trained in and have a thorough understanding of the regulations
which they administer as well as any guides, standard review plans and inspection manuals
employed in the administration of the regulations.

If the volume of use for certain practices is high, members of the staff can be assigned to
specialize in such practices. This narrows the scope of training needed while it enhances the
level of skill as related to specific practices.

A cost effective training technique that has worked well in some regulatory programmes to
assign a preceptor or mentor to a new employee. This involves assigning a new employee to
work under the general guidance of a more senior member of the staff, preferably not a person
responsible for programme management. Working relationships should be established whereby
the preceptor has overview responsibility for the new employees work in an atmosphere where
the new employee feels quite free to ask questions, no matter how basic. It works best if the
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preceptor relationship is established outside the management chain since it avoids some
communication barriers between staff and management, and the new employees do not feel
they are constantly being judged by their actions or questions.

10.1.5. Integration of regulatory operations

As previously discussed, there are four elements of a regulatory programme to which personnel
must be assigned duties; development of regulations, licensing, inspection and enforcement.
Assignment of personnel to these tasks, based on required skill levels, also has been discussed. There
are, however, further considerations for assignment and distribution of duties. Basically, an objective
should be to achieve a well integrated programme by assuring that the work undertaken in one
programme element is not conducted in isolation of the other programme elements. A system of
feedback or cross fertilization is needed to assure efficiency and effectiveness. This is accomplished
in part by careful distribution of duties. For small programmes this is relatively straight forward since
single individuals will, of necessity, be assigned duties in more than one programme element. For
larger programmes, duties are sometimes compartmentalized for efficiency. However, feedback from
one element to another is important for effectiveness. Therefore, when making assignments,
programme management may wish to bear in mind the following:

Development of regulations governing a specific practice should have the benefit of review
at an early stage by those who have experience with the licensing and inspection of the
practice to better assure that all matters important to safety are adequately covered and that
the requirements are clear and unambiguous. Another approach to accomplishing this
objective is to have an individual who specializes in the licensing and inspection of a practice
initiate the drafting of an appropriate regulation.

Licensing and inspection should be a closely coupled activity. Licensing is a 'paper' analysis
conducted before operations begin. The person reviewing the license must be able to visualize
the activity being licensed to reach decisions and prepare the license in a way that both the
licensee and the inspector understand what is required. Experience gained through conducting
inspections can enhance the quality of licensing. Such experience can be gained in two ways.

Licensing and inspection duties can be rotated periodically or a staff member can be assigned
dual responsibilities for both licensing and inspection. Should this latter approach be selected, it is
preferable, if feasible, to avoid having the person who issues a license inspect the same licensee.
Having different persons license and inspect a particular licensee better assures that safety problems
will be identified. It also avoids biased inspection findings which might result from having the
inspector previously responsible for the licensing analysis.

Another useful procedure, particularly for complex licenses where some of the requirements
are tailored to the operation by specifications in the license itself, is to have inspection and
enforcement staff review the license conditions for clarity and enforceability before the license
is issued.

Enforcement often involves some combination of technical and legal skills. The technical part
of an enforcement action is to properly characterize the safety significance of regulatory
violators and corrective action needed. While many violations, particularly those of a minor
nature, may be corrected through action by the inspector while in the field, those of a more
serious nature are often subject to a higher level of review. To assure that the safety
significance of violations are properly characterized and corrective actions specified, it is
important to have those familiar with the practice participate in the process. Involvement of
knowledgeable technical staff is particularly important when decisions must be made about
whether or not operations should be allowed to continue while corrections of substantial safety
problems are being undertaken. Persons with licensing and inspection experience would
ordinarily be important contributors to such decisions.
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10.2. SYSTEMATIC APPROACH TO OPERATIONAL RADIATION PROTECTION

At an operational level the control of radiation sources can be ensured by the development and
detailed implementation of a comprehensive operational radiation protection programme. This
section develops such a programme, which has universal applicability over the wide range of uses of
radiation sources in industry, medicine, research and teaching. Very many factors are necessary for
such a universal programme and its depiction is greatly facilitated by employment of the analytical
tree technique.

Once in place, an operational radiation protection programme must be subject to evaluation
and ongoing surveillance. The section describes a systematic seven-stage framework to achieve this.

Finally, a description is given of the elements of a regulatory programme for ensuring the
safe use of radiation sources including recommendations for an inspection and enforcement regime
based on the potential hazards associated with the various uses of radiation sources.

10.2.1. The analytical tree technique in radiation protection

The analytical tree technique is a means of graphically displaying a large and complex system
or programme. It identifies all the elements in the programme and the interrelationships that must be
considered to prevent oversights or omissions. Unlike a 'flow chart' there does not have to be any
sequential relationships between the elements. A tree is developed by breaking down each top event
into the constituents that are necessary to achieve that top event, and subsequently breaking down each
of the constituents in a similar manner. Each stage takes the tree to a greater level of detail and the
tree can be terminated at any stage depending upon the complexity of the system being depicted or
the degree of detail that is relevant to the particular application.

The logic of the analytical tree is that any event cannot be achieved until all its associated
constituents have been considered. The success of a tree depends upon its constructor identifying all
constituents that may be relevant to the system or programme being depicted. The value of the
technique is that all individual constituents are initially considered and a positive decision has to be
taken to discard any of them in any specific application.

Within the context of this lecture the technique is used to depict a large and relatively complex
operational radiation protection programme that has universal applicability to the many and various
uses of radiation sources in industry, medicine, research and teaching. This universal programme
should then be applied to a particular use of radiation sources in which case it will probably be found
that very many of the individual constituents can be discarded as irrelevant to the use under
consideration. The resultant programme will be more simple and will be generic to the particular use
of radiation sources. This generic programme will apply to any organization with this particular use
of radiation sources. The generic programme can be applied to a specific company or even a specific
site to identify those components that are of specific relevance.

The strength of this approach is that all the constituents of the universal programme should
have been positively considered even though in some circumstances the majority may eventually have
been discarded in the development of the specific operational radiation protection programme.

This step-by-step development of a specific programme is depicted in Figure 10.1.

10.2.2. Operational radiation programme

The universal programme is depicted in figures 10.2-10.7. For presentational reasons only the
upper branches of each 'tree' are shown, and the reader is referred to the associated IAEA document
(Safety Series No. 101) for full details.
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Step Application

UNIVERSAL programme All uses of radiation sources in industry, medicine, research and
teaching.
GENERIC programme A particular use of radiation sources, e.g. industrial radiography.
SPECIFIC programme A specific company or a specific site.

FIG. 10.1. Step-by-step development of specific programmes.

An explanation of some of the symbols used in analytical trees is as follows:

\ A rectangle encloses a general event or a condition, which results from a logical combination
of a contributory set of events situated below it in the tree.

o A circle encloses a terminal event, item or condition which requires no further development.

v A diamond encloses an undeveloped terminal event which is not developed for lack of
information, or to avoid redundancy.

A —> This transfers a sub-structure to another location on the same page, in the

direction of the arrow.

A <- This shows the transfer of a sub-structure from another location on the same

page.

n This is an 'AND gate' that requires all items below it to be achieved before the event above
it can be achieved.

UNIVERSAL PROGRAMME:

Figure 10.2 The five major constituents of the programme.
Figure 10.3 Organization and management committed to safety and to the optimization of radiation

protection (ALARA).
Figure 10.4 Successful personnel selection and training.
Figure 10.5(a) Effective occupational radiation control - optimized control of external and internal

doses.
Figure 10.5(b) Effective occupational radiation control adequate control standards.
Figure 10.5(c) Effective occupational radiation control - effective surveillance programme.
Figure 10.6 Effective public radiation control.
Figure 10.7 Effective emergency planning and preparedness.

To illustrate the complete procedure, figures 10.8(a) and 10.8(b) develop one branch of figure
10.5(a) to the point where specific forms of electromechanical devices are specified to provide routine
control of access as a part of the control of external radiation doses.

This inevitably gives an appearance of complexity. However, detailed consideration will
indicate that each successive branching of the tree is merely a breaking down of a particular
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FIG. 10.2. Universal operational radiation protection programme.
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FIG. 10.3. Organization and management committed to safety and ALARA.
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FIG. 10.4. Personnel selection and training.
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FIG. 10.5(a). Effective occupational radiation control:
optimized control of external and internal doses.
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FIG. 10.5(b). Effective occupational radiation control: adequate control standards.
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FIG. 10.5(c). Effective occupational radiation control: effective surveillance programme.
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FIG. 10.6. Effective public radiation control.
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FIG. 10.8(a). Detailed development of universal programme.

ACCESS

CONTROL

ADMINISTRATIVE

PROCEDURES

ELECTRO-MECHANICAL

DEVICES

MECHANICAL

GUARDS

ROUTINE

OPERATION

AUTOMATIC or MANUAL

FAILURE / BACK-UP SYSTEMS

FAIL-SAFE

INTERLOCKS

LIGHT BEAM

DEVICES

KEY-OPERATED

LOCKS / SWITCHES

FIG. 10.8(b). Detailed development of universal programme (cont.).
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requirement into its essential components. The branching relies upon no more than the basic principles
of good radiation protection, established practices and sound common sense. The reader is encouraged
to regard the universal tree as an essentially easily understood graphical representation of a complete
programme that would otherwise be relatively difficult to comprehend in its entirety.

The following sections describe some of the principles upon which the various parts of the
universal programme are based.

Organization and Management Committed to Safety and to the Optimization of Radiation
Protection ('ALARA')

The scale of the operations being considered in this lecture varies very widely, extending from
a single person offering a specialist industrial radiography service, to a large complex organization
employing many different radionuclide techniques. Attention must be paid to an effective management
structure at all corporate and site levels. Radiation safety considerations should be isolated from the
pressures of production schedules. In the context of the many smaller users of radiation sources this
could be achieved by obtaining advice from an independent radiation protection consultant or possibly
from the Competent Authority either of which should also be able to assist in meeting legislative
requirements imposed by regulatory bodies.

Industrial users of radiation sources are often small organizations, where there can be a
reluctance to adhere to the organizational and management structures depicted in Figure 10.3 since
such formal arrangements may be regarded as superfluous. However, to achieve good standards of
radiation protection it is essential that the factors shown in the figure are considered and either adopted
or rejected as appropriate. This systematic approach is important as it can result in cost savings which
would otherwise have been obscured by the lack of a structured approach. For example, many
organizations arbitrarily require all employees, even if only peripherally involved in the work with
radiation sources, to be subject to medical surveillance and personal dosimetry. This inevitably leads
to other unnecessary provisions such as the accumulation of the associated records. The significant
ongoing cost could be reduced by alternative, less costly, arrangements, which would become apparent
from formal consideration of the full programme depicted in Figures 10.2 to 10.7.

Successful personnel selection and training

The detailed elements contained in Figure 10.4 are largely self-explanatory, requiring only to
be specifically applied to each individual organization in relation to its identified use(s) of radiation
sources. Attention is drawn to two points:

(a) the positive advantage of formally recording each person's training achievements, if
only to be able to demonstrate compliance with regulatory requirements,

(b) the need for a formal review procedure to identify ongoing training requirements for
employees in established positions.

Effective occupational radiation control

(a) Control of external and internal doses

(1) Adequate control of source. The number and activities of sources of radioactive material
should always be minimized and, in particular, old or redundant sources should be sent for
proper disposal as soon as it is recognized that they are no longer needed. This is especially
relevant in hospitals and teaching establishments where there is a marked tendency to retain
radioactive materials 'in case they again become useful'. Very old sealed sources may have
been stored for years, without regular leakage testing, and could present a significant hazard
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if the capsule has failed during the intervening period. Under normal circumstances sources
should be held for no longer than three years if they are not being used.

Users are strongly advised to observe manufacturers' statements in respect of the
recommended working life of sealed sources, bearing in mind the uses to which they are put.

The number of actual workstations where radioactive materials are manipulated should also
be minimized. In this way control measures can be more easily and cheaply implemented.

Radioactive materials should be properly stored in areas that have been put aside solely for
that specific purpose. Stores should be provided with appropriate shielding and with a high
degree of security. Special attention should be paid to the security of sources used for field
investigations or site radiography. There are a number of areas of particular concern within
the scope of this training course, including:

(a) Failure to recognize, or possibly disclose, the loss of large medical and industrial
radiography sources has already caused several deaths and injuries in different parts
of the world. Secure storage facilities backed up by a rigidly implemented audit
procedure should minimize the probability of such accidents.

(b) Many biological preparations containing radioactive materials require cold storage.
Audit procedures are almost impossible to implement unless the radioactive materials
are kept in specially designated refrigerators or freezers, or at least only in demarcated
and labelled areas within general purpose cabinets. It is essential that foodstuffs are
not stored in the same refrigerators or freezers as radioactive materials.

(2) Provision of physical barriers. Protection has to be provided to limit exposure to external
radiation and intakes of radioactive material. Figure 10.5(a) is developed in considerable
detail. Much of it should be self-explanatory. Wherever possible, but consistent with the cost
and with the degree and probability of hazard, protection should be achieved by good
engineering controls rather than by reliance upon procedural measures. Well designed,
mechanical controls are often more effective and reliable than electrical systems based on
safety switches. The aim should be to ensure that all forms of engineering control are designed
to 'fail to safety'. Some of the more quantitative aids to determine optimization of protection,
such as cost-benefit analysis, have a particular application in aiding decision making in this
area. Such techniques can be used to evaluate the relative merits of different engineering
controls or procedural measures, each of which might afford a different degree of safety.

(3) Provision of administrative controls. A good radiation protection programme requires careful
administration. This includes the designation of working areas and the control of persons
working in them. Once set up a programme should be subject to continuing surveillance and
review at appropriate intervals.

(b) Adequate control standards

The considerations depicted in Figure 10.5(b) provide the formal basis against which the
whole of the radiation protection programme will be measured. It is important that clear
decisions are reached and properly documented. For example, reference levels should be
chosen in advance of their being required and the basis for the choice should be recorded.
Primary dose limits, and probably also most derived limits, will have been determined by
regulatory requirements. However, reference levels may need to be chosen for the purposes
of local control. For example, they might specify levels above which some form of
investigation is required. Such reference levels are important aspects of an effective radiation
protection programme.
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(c) Effective surveillance programme

An occupational radiation control programme cannot be wholly effective unless it is subject
to comprehensive surveillance. Figure 10.5(c) depicts an effective surveillance programme
which comprises five main components:

(1) adequate monitoring of the workplace;
(2) appropriate personal dosimetry;
(3) complete assessment of data;
(4) maintenance of good procedures;
(5) implementation of a quality assurance programme.

Sufficient detail is shown for the programme to again be self-explanatory.An important feature
of the surveillance is the use of predetermined schedules and the rigid adherence to regular reviews
or appraisals. The schedule should ensure that only necessary dose rate measurements are undertaken
at appropriate intervals. This should prevent the direction of valuable resources into the taking and
recording of large numbers of unwarranted measurements.

Another feature of the surveillance of an effective occupational control programme is that
decisions, even apparently trivial ones, are recorded and are therefore attributable. This enables the
decisions to be easily reviewed should circumstances alter. A good example concerns the widespread
but often unnecessary provision of personal dosimeters to large numbers of staff who have little
contact with radiation and regularly record doses below the detection limit of the dosimeter. There are
often no sound reasons for continuing the issue of these dosimeters but without appropriate review this
may not be obvious. Radiological protection considerations would indicate that personal dosimeters
need only be worn by persons who work in 'controlled' or 'supervised' areas.

The surveillance programme requires that all measurements forming a part of the programme
be subject to quality assurance (QA) procedures. In the case of a large organization this could include
the formal tracing back to national standards, for example, by its dosimetry and calibration services.
In the case of smaller organizations it merely requires that such services be obtained from approved
laboratories, who are themselves traceable to approved standards.

Effective public radiation control

This section is concerned with the control of public exposure arising out of routine operations.
Uses of radiation sources in industry, medicine,research and teaching will normally not present a
significant potential for exposure of the general public, provided certain basic precautions are taken.
These precautions mainly involve good security for the radionuclides and a well-controlled programme
for the disposal of radioactive waste. A complete control programme is depicted in Figure 10.6.

Effective emergency planning and preparedness

This section is concerned with the control, as far as is possible, of the exposure of workers
and the public in an emergency or accident situation. The doses from accidents can be minimized by
the preparation of appropriate contingency plans. These should be based on the proper identification
and evaluation of potential accident situations. Depending upon the severity of potential accidents, the
contingency plans should be tested in greater or lesser detail at appropriate intervals. They should also
be reviewed at intervals, probably not less frequently than annually. They may, for example, be a
standard agenda item for an annual meeting of the organization's radiation safety committee. A full
programme is depicted in Figure 10.7.
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10.2.3. Evaluation and continuing surveillance of an operational radiation protection programme

Seven-stage framework. The following seven-stage framework provides a systematic
approach to the evaluation and continuing surveillance of a radiation protection programme that is
already in operational use. In the case of a new facility the analytical tree technique would be used
to draw up an initial programme that would be put into operational use when the facility was
commissioned. The full seven-stage framework would be applied after a suitable period of operation.

Stage I: Development of an unbiased, specific radiation protection programme

The essential starting point is a radiation protection programme that completely reflects the
establishment's requirements. It must include all the components that are relevant to the
establishment's operational use of radiation sources, but must not introduce any bias reflecting the
establishment's existing provisions. A generic operational radiation protection programme appropriate
to the establishment's use of radiation provides the basis for the programme. Any modifications, to
incorporate possible special features at the establishment, should be undertaken with care. In particular,
all relevant components of the generic programme must be retained whether they appear either to be
trivial or to be of the utmost importance. It is the systematic and thorough nature of this approach that
will facilitate the eventual discovery of oversights, omissions and redundancies in the establishment's
actual programme.

On completion of this stage the appraiser should have constructed a radiation protection
programme that is 'ideally' suited to the specific establishment being appraised.

Stage II: Examination of existing situation

The establishment's actual provisions for radiation protection should be examined in detail and
compared to the 'ideal' programme developed at stage I. Various methods can be employed to make
this comparison; for example:

(1) The most rigorous method involves a detailed questionnaire designed to identify the presence,
quality or omission of each and every component of the 'ideal' programme. This method
incorporates in-built redundancies which should ensure that nothing is missed and is
particularly recommended for larger or more complex establishments.

(2) The 'ideal' programme can be used as a check-list against which the establishment's actual
provisions can be directly compared. Care must be taken to ensure that this less rigorous
method does not affect the quality of the appraisal.

On completion of this stage the appraiser should have discovered all the significant differences
between the 'ideal' and the actual programmes. In particular, all oversights, omissions and
redundancies should be tabulated.

Stage III: Information evaluation and recommendations

The information gained at stage IJ is analyzed and compared against those provisions, actions
and decisions that are most likely to optimize the radiation protection programme. In the most simple
terms, omissions have to be rectified and existing emphases modified, so that resources are put to
optimum advantage; unnecessary components must be eliminated.

In practical terms, the effective optimization of each of the component parts of the programme
involves different processes. In many cases confirmation of the existence and correct operation of a
component is all that is necessary, and it is the systematic and thorough identification of all such
components that contributes to the optimization of the programme. Decisions in this area rely heavily
upon statutory requirements and upon the sound professional judgement of the appraiser. The
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elimination of redundant components contributes to the overall optimization of the programme. The
sophistication of the appraisal of the programme of an establishment will depend to some extent on
its size. In some situations the appraisal may identify that a formal analysis of the protection
alternatives may be required involving the use of quantitative techniques. An example would be the
need for additional shielding where different available options might be resolved by a relatively
simple, but informative, cost-benefit analysis.

The outcome of stage III is a series of recommendations based entirely upon the requirement
to optimize radiation protection.

Stage IV: Decisions

At this stage, the recommendations deriving from stage HI will be presented to the
management responsible for the overall operation of the facility who will also need to take account
of economic, social and political factors. Appropriate resources should be made available for the
implementation of the decisions taken. In practice this stage may often be combined with stage III but
it should be realized that, conceptually, it is a necessary and separate part of the decision- making
process.

Stage V: Identification of a data base for future appraisals

The foregoing stages of the appraisal process may have been hampered either by lack of
information, or by information having been recorded in an inconvenient manner. The opportunity
should be taken in this stage to establish a data base that will be suitable for future appraisals, e.g.
definition of survey results required, dose records, task specific doses, collective dose per unit product,
time spent to fulfil a specific task, etc.

This stage is particularly important since it greatly assists subsequent appraisals on the same
or similar facilities.

Stage VI: Regular radiation safety appraisals

If the standard of operational radiation protection is to approach or remain close to that which
is considered to be optimized, the situation must be subject to periodic appraisals. These should consist
of a full appraisal of all aspects of the radiation protection programme, an evaluation of options for
dose saving, the making of recommendations and the implementation of subsequent decisions (i.e.,
away a combination of stages II, III and IV above, but with the advantage of a more suitable data
base).

The frequency of such appraisals will depend on:

(1) the potential for further dose savings,
(2) the potential for significant exposure, possibly under accident conditions,
(3) the time that has elapsed since the previous appraisal, because a gradual deterioration in

standards can otherwise go unnoticed over a long period of time,
(4) the implementation of any major changes that significantly affect individual or collective

doses,
(5) the reaching of some predetermined reference level that has been chosen to reflect optimized

radiation protection.

Stage VII: Feedback proposals

An essential feature to conclude the appraisal of a complete operational system, is a feedback
mechanism which ensures that the lessons learned and experience gained are documented and
positively reflected in any subsequent optimization studies. At this stage a link with design becomes
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apparent, in so far as much of this information can also be taken into account in subsequent design
studies.

10.2.4. Regulatory programme for ensuring safe use of radiation sources

Responsibilities of the users and the competent authorities. The use of radiation sources
is generally regulated by competent authorities. The basic goal of the users and the competent
authority is the same; namely, the safe use of the radiation sources. However, the responsibilities for
each are different. Using the techniques described in the previous sections, users of radiation sources
must establish and conduct their operations such that they are safe and compliance is achieved with
all the requirements of the competent authority, these programmes apply to everyone.

The competent authority is responsible for establishing a framework of control by defining
standards and taking enforcement action as appropriate. The competent authority must also concern
itself with the cumulative impact of all regulated activities on public health and safety. Therefore, it
is necessary for the competent authority to monitor the regulated industries or activities both
individually and as a whole. The information and techniques described in the previous sections provide
the basis for a regulatory package.

Elements of a regulatory programme. A comprehensive regulatory programme administered
by the competent authority will consists of:

(a) an authorization programme,
(b) a set of regulations concerning the use of radiation sources. These will codify policy,

administrative requirements, radiation safety standards and general principles of good radiation
safety practice,

(c) a monitoring, inspection and enforcement programme in respect of the regulations,
(d) an emergency response capability.

An authorization programme. The competent authority should maintain a system for
granting authorizations to possess radioactive material and to accumulate and dispose of radioactive
waste. Such a system will include

(a) a procedure by which persons can apply for authorizations, and
(b) a review process by which requests are evaluated and licenses granted, and
(c) an appraisal procedure to maintain standards.

To implement this programme, the authority will have a staff of persons trained in uses of
radioactive material, potential hazards, and safety procedures. The depth of review for each application
depends on the hazard involved.

A set of regulations. These will specify detailed requirements governing the use of radiation
sources (including electrically generated ionizing radiation as well as the use of radionuclides). Topics
for inclusion in the regulations are covered in the following paragraphs.

(a) Basic radiation protection policy. IAEA Basic Safety Standards No. 115-1 provides the basis
on which a protection policy can be developed. The policy should be to regulate the uses of
radiation for beneficial purposes with a view to protecting against undue risk of harmful
effects to man and the environment.

(b) Administrative requirements. The competent authority should specify the administrative
requirements for conducting its regulatory programme, namely:

(i) Notification, registration and licensing. Uses of radiation sources should be subject
to a system of notification, registration or licensing. Notification and registration
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requirements are applied to uses of radiation involving relatively low potential
hazards. Notification requires merely informing the competent authority; registration
involves acknowledgement from the competent authority. Licensing requirements may
be imposed in cases were applicants must demonstrate to the competent authority in
advance that they can conduct their operations safely. The regulations should specify
which activities require notification, registration, or licensing, and how persons can
comply with the various requirements.

(ii) Exemptions. The regulations may specify that certain radiation sources and uses are
exempt from the requirements or can be exempted by the competent authority. IAEA
Safety Series No. 9 provides general principles for establishing such exemptions. More
information is provided in IAEA Safety Series No. 89.

(iii) Enforcement policy. The regulations should specify that users of radiation sources are
subject to regulation and inspection by the competent authority, and that violators are
subject to appropriate enforcement sanctions.

(c) Radiation protection standards. Radiation protection standards are stated in terms of various
limits and reference levels. These concepts are explained in detail in the IAEA Basic Safety
Standards. The limits and reference levels include:

(i) Primary dose limits. Radiation dose limits must be specified for workers and
members of the general public. These limits should not be exceeded under any normal
circumstances. Primary dose limits are typically specified for effective dose equivalent
and for dose equivalent to individual organs and tissues.

(ii) Secondary limits. Secondary limits should be specified for cases where primary limits
cannot be applied directly. For example, annual limits on intake are specified to limit
internal exposure from inhalation or ingestion of radionuclides.

(iii) Derived limits. Derived limits are related to the primary limits by a defined model
of the situation and are intended to reflect the basic limits. Derived limits may be set
for quantities such as dose-equivalent rate in a workplace, contamination of air,
contamination of surfaces and contamination of environmental materials. The accuracy
of the link between derived limits and basic limits depends on the realism of the
model used in the derivation.

(iv) Reference levels and the ALARA principle. Certain levels of various quantities, such
as dose or dose rate may be used to determine a particular course of action, even if
a limit is not reached. The regulations may specify such reference levels which
indicate the need for recording or investigation.

A widely recognized principle of radiation protection is that exposures should be 'as low as
reasonably achievable (ALARA)'. The ALARA principle applies to exposures below
applicable limits. Most of the radiation sources within the scope of this training course are
capable of being used such that the resulting radiation exposures to workers and the public are
only small fractions of applicable limits. Reference levels are particularly useful in determining
when further consideration should be given to the application of the ALARA principle in
operational situations. When such reference levels are exceeded, an investigation may be
carried out to determine if doses can be reduced at reasonable cost.

(d) General principles of good radiation safety practice. The regulations will need to contain
considerable practical details that lay down a broad set of operational requirements designed
to achieve good standards of radiation protection. In this respect the regulations may be
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supported by other subsidiary documents that provide detailed advice on the means of
achieving such standards. The following topics will need to be included:

(1) Principles for restricting exposure, including engineering controls, and safety and
warning systems.

(2) Designation of areas and designation of workers.
(3) Appointment of officers to assist in the implementation of the regulations.
(4) Requirements for written working procedures.
(5) Information, instruction and training.
(6) Dosimetry and record keeping.
(7) Medical surveillance.
(8) Control of radioactive materials, including storage, inventory, quality assurance.
(9) Provision of safety equipment.
(10) Requirements for monitoring the workplace.
(11) Hazard assessments and contingency plans.
(12) Investigations and notifications of occurrences to the competent authority.
(13) Duties on manufacturers, suppliers, installers, etc. of items that incorporate radiation

sources.

The universal radiation protection programme depicted in Figures 10.2 to 10.7 provides the
basis for the topics that are included in the above list. Furthermore, considerable extra detail
will be available from the series of lectures, within the training course, that describe the
regulations in force in a number of different countries.

Monitoring, inspection, and enforcement. A monitoring, inspection, and enforcement
programme must be conducted by the competent authority to assure compliance with its regulations.

(a) Monitoring. The authority monitors activities involving radiation sources by reviewing
notifications, registrations, and other reports for any indication of a potential hazard. These
reviews may be followed up by actual site visits and radiation surveys to confirm whether a
violation or hazard exists.

(b) Inspection and enforcement

(1) Purpose of inspections. Users of radiation sources should be inspected for the purpose
of a safety appraisal to ensure that they are complying with regulations and other
relevant requirements. Inspections are intended to:

ensure that equipment, facilities, systems, buildings and operational
procedures correspond to the regulations (by means of observation or
measurement);
check the validity of operational documents,instructions and warning notices;
confirm the qualifications, training and suitability of staff;
discover unknown deficiencies and problems not previously identified;
check on actions resulting from previous inspections.

(2) Content of inspections. Inspections can involve one or more of the following:

examination of operational or other documents, especially records of personal
exposures, external radiation measurements, contamination measurements or release
of radioactive effluents to the environment;
interviews and/or consultation with management or staff; - visual examination of
working practices;
routine checks of specific items related to safety, such as operation of safety and
warning systems;
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(3)

(4)

independent measurements of external radiation, airborne radioactivity or
contamination.

Scope of inspections. The scope and depth of the investigation will be determined by
many factors, such as:

the potential for significant exposure;
the reliability of the user, derived by assessment of equipment standards,
qualification level, and experience gathered during former inspections;
resources of the competent authority.

Frequency of inspections. It is recommended that users be categorized as follows, and
be routinely inspected within the corresponding time intervals:

Category A
Category B
Category C

high safety risk :
medium safety risk
low safety risk :

every 1-3 years
every 3-5 years
every 5-10 years

The uses of radiation sources most commonly encountered in industry, medicine, research and
teaching are listed in Table 10.2 together with the suggested risk category.

TABLE 10.2. USES OF RADIATION SOURCES AND RISK CATEGORY

Use of radiation source

Industrial gamma-radiography
- on site
- fixed installation

X ray fluorescence
Electron capture
Neutron capture and activation analysis

Transmission gauge (beta and photon)
Beta backscatter gauge
Gamma backscatter gauge
X ray fluorescence gauge
Photon switching (level gauge)
Gamma scattering
Thermalization of neutrons

Radiation beam therapy
Brachytherapy
Radiation sterlization, etc.
Food preservation

Radioisotope tracer techniques
Therapeutic uses of radionuclides
Self-luminuous devices (manufacturing)
Enhancement of electrical discharge (manufacturing)
Uses of thorium (manufacturing)

Static eliminators
Smoke detectors (manufacturing)
Dewpoint meters (manufacturing)

Risk category

A
B

C
C
C

B
B
C
C
B
B
B

A
A
A
A

B
A
A
B
A

C
B
B

NOTES
(1)

(2)

The category should be shifted towards the next category of higher risk, if:
- the activity used is higher than average or the number of sources in use is large;
- alpha-emitters of significant activity are used;
The advice given above refers only to the frequency of routine inspections. Additional inspections may be necessary,
for example following an accident or incident, or following significant changes in key personnel.

283



Emergency response capability. The competent authority should maintain the capability to
conduct effective surveillance in response to an accident or other immediate hazard involving
radioactive material. In many cases, the licensee or other authorized user may be capable of providing
an adequate response to the situation. However, in other cases, the competent authority may also need
to be involved in the response. The response may include an assessment of the hazard, protection
actions to contain radioactive material and prevent exposures, elimination of the hazard, and removal
and disposal of any hazardous material or contamination. The following are essential elements of an
emergency response capability:

(1) A written procedure to be followed by the competent authority once notified of an incident
situation;

(2) Persons available and trained to respond to radiation emergencies;
(3) Suitable equipment available for immediate use (e.g. monitoring instruments, recovery

equipment, warning notices and barriers, protective clothing;
(4) Means of transportation;
(5) A suitable communications network;
(6) Identification of experts in other organizations who may be called upon to assist in an

emergency;
(7) Identification of the responsibilities and functions of the competent authority, licensee, and

third parties in responding to an emergency.

10.2.5. Conclusions

The information and ideas presented in these section notes provide a formal basis for a system
of control of the use of radiation sources and for the ongoing surveillance of that control. Ultimately,
use of this system should provide an operational radiation protection programme that facilitates the
implementation of the principle of optimization of protection.

The depiction of an operational programme by means of analytical trees is valuable and their
use must be a dynamic, ongoing process. The programme should represent the best collective
operational experience at the time and should be continually reviewed and updated in the light of new
ideas and as new techniques and equipment become available. This graphical depiction of the best
currently available principles of operational radiation protection provides a sound formal structure
within which fairly inexperienced staff can be economically trained to undertake appraisals of
relatively complex situations.

10.3. THE ROLE OF THE IAEA IN RADIATION SAFETY

When the International Atomic Energy Agency was established more than 30 years ago, it was
mandated to accelerate and enlarge the contribution of atomic energy to peace, health and prosperity
throughout the world. This mandate carries with it a concomitant responsibility for the protection of
individual human beings, their progeny and mankind as a whole, as well as their environment, from
any harmful effects of ionizing radiation arising from nuclear activities.

Article III/A/6 of the IAEA's Statute inter alia specifies that "The Agency is authorized: ...
to establish or adopt, ... standards ... for protection of health and minimization of danger to life and
property ... and to provide for the application of these standards ..., at the request of a State, to any
of that State's activities in the field of atomic energy ..." From the very beginning, therefore, radiation
protection has been an integral part of the IAEA's programme. Radiation protection is involved in
practically all IAEA activities: in the nuclear fuel cycle, in nuclear medicine, in food and agriculture,
in industry and also in safeguards.

Activities of the IAEA in the area of radiation protection are based on its statutory obligations.
The IAEA's activities are described in detail in its programme which is annually presented in a
standard format to the General Conference for approval. The following is an overview of the IAEA's
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programme and activities in the various thematic areas of radiation protection. The following are
statutory functions of the IAEA:

establishing standards,
fostering the exchange of scientific information,
encouraging and supporting research and development work,
performing services,
providing technical co-operation and assistance, and promoting training.

10.3.1. Radiation protection standards and guidance documents

One of the main functions of the IAEA is to establish, in collaboration with the specialized
Agencies concerned, standards of safety for the protection of health and minimization of danger to life,
including such standards for working conditions. The IAEA must also provide for the application of
these standards not only to the operations under its control, but also - at the request of a State - to any
of that State's activities in the field of atomic energy. The IAEA has from the beginning of its
existence formulated basic safety standards for radiation protection. The safety standards and
complementary guides express the IAEA's general policy in radiation protection and safety.

The IAEA has issued a number of safety publications which are intended to provide guidance
to Member States in applying radiation protection and safety measures in their national practices.
There are several groups of safety documents comprising safety standards and supplementary
documents. The objective of the standards is to provide guidance for the protection of man from undue
risks of the harmful effects of ionizing radiation, while still allowing beneficial practices involving
exposure to radiation.

IAEA safety standards are issued under the authority of the IAEA's Board of Governors, and
are mandatory for the IAEA's own operations and for IAEA-assisted operations. Such standards
comprise the IAEA's basic safety standards, the IAEA's specialized regulations and the IAEA's codes
of practice. Supplementary documents contain general recommendations on safety practices and
techniques pertaining to safety matters and recommended procedures that might be followed in
implementing the standards.

Basic Safety Standards. The main radiation safety document is entitled International Basic
Safety Standards for Protection against Ionizing Radiation and for the Safety of Radiation Sources
(BSS). The Standards are jointly sponsered by the Food and Agriculture Organization (FAO), the
International Atomic Energy Agency (IAEA), the International Labour Organisation (ILO), the Nuclear
Energy Agency (NEA) of the OECD, the Pan American Health Organization (PAHO) and the World
Health Organization (WHO). The Basic Safety Standards are based upon recommendations of the
International Commission on Radiological Protection (ICRP) and are intended for use by the
appropriate competent authorities in the Member States of the sponsoring organizations.

In 1994, a revised edition of the BSS was issued as IAEA Safety Series No. 115-1 by the
sponsoring Organizations.

The main aim of the IAEA's programme on nuclear safety and radiation protection is to
implement the IAEA's policy in radiation protection and to promote a universal common
understanding on this policy. Efforts are made to encourage the application of the principles of the
dose limitation system not only in situations where exposure can be controlled but also for hypothetical
abnormal situations when the radiation source is not under control and intervention actions are to be
taken.

The 1995/1996 IAEA programme of work covers the following thematic areas:

strengthening of radiation safety,
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occupational radiation protection,
radiation protection of the public and the environment,
emergency preparedness,
safety of radiation sources,
radiation safety services.

The programme also continues to cover the radiation safety aspects of the transport of
radioactive material, an area in which the IAEA's authority is recognized worldwide. The latest edition
of the Regulations for the Safe Transport of Radioactive Material is the 1985 Edition (as amended
1990).

The IAEA organized and still organizes meetings of Advisory Groups, Technical Committees
and Expert Groups, to provide supplementary guidance on specific topics. Many manuals of guidance
on radiation protection prepared through such meetings have been issued by the IAEA in its Safety
Series and Technical Reports Series.

In September 1988 the IAEA organized a Technical Committee meeting to advise the IAEA
on programmes for the "Control, Safe Use and Disposal of Radiation Sources Used in Industry,
Medicine, Research and Teaching". Experts from 26 Member States participated in the Committee
which considered it to be timely and appropriate for the IAEA to systematically enhance its activities
directed at the safe use of radiation sources, with special emphasis on practical control and
management. The Committee considered the various ways in which the IAEA, together with Member
States, can help to reduce the potential for accidents involving sealed sources and to provide advice
by developing relevant documents, by information exchange, by supporting research and development,
and by training courses and technical assistance projects.

Guidance on safety of radiation sources. The guidance which the IAEA can provide to
Member States in the control of radiation sources is aiming at regulatory authorities and senior
management as well as at users of radiation sources to ensure that workers, patients and members of
the public are adequately protected while sources are in use.

Guidance with emphasis on the regulatory aspects of radiation source control. Three
publications have already been issued in this area, namely:

(a) Recommendations for the Safe Use and Regulation of Radiation Sources in Industry,
Medicine, Research and Teaching (Safety Series No. 102).

(b) Safe Handling of Tritium (Technical Reports Series No. 324).
(c) Emergency Planning and Preparedness for Accidents Involving Radioactive Materials Used

in Medicine, Industry, Research and Teaching (Safety Series No. 91).
(d) Radiation Safety of Gamma and Electron Irradiation Facilities (Safety Series No. 107).

Further documents are under development which give specific guidance on how to achieve
control of radiation sources aimed at regulatory authorities, senior management and policy makers.
This will result in a new Safety Series document on "Oranization and Operation of a National
Regulatory Infrastructure governing Radiation Protection and Safety of Sources". All radiation sources
with activities above a minimum threshold should be registered, licensed and inspected on a routine
basis by a central authority.

Guidance with emphasis on the technical aspects of radiation source control. Worldwide,
more and more irradiation facilities are going to be operated. In many Member States, sterilization of
medical supplies, polymerization of plastics or food preservation is already routinely performed. Safety
features, both in design and operations of these facilities, must prevent incidents such as loss of control
of sources due to defective source capsules, defective source transport mechanisms or inadvertent
exposure of operators or other persons due to inadequate access control.
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Users of radiation sources need technical guidance on procedures for ensuring that workers,
patients and members of the public are adequately protected while sources are in use. This should
include advice of a general nature on procedures and techniques for the safe handling of radiation
sources but also more specific advice in the form of manuals and codes of practice, based on
experience obtained in their use, relating to the more important radiation source applications. Therefore
manuals on the safe use of particular types of sources for specific applications were developed for the
benefit of the users and published in 1992.

These manuals include preparation of specific technical guidance on safe operating practices
of various uses of radiation sources. The documents are short and can be easily understood by the
users themselves who in some situations may have limited technical training in radiation protection.
Examples of the topics to be covered by this series of documents are:

Industrial radiography
Shielded enclosures
Nuclear gauges
High energy teletherapy
Brachytherapy
Therapeutic use of 1-131
Self-contained Gamma Irradiators (Categories I and III)
Panoramic Gamma Initiators (Categories II and IV)

In addition the joint IAEA, WHO, ILO "Manuals on Radiation Protection in Hospitals and
General Practice" from 1974/75 was reviewed and updated in the light of more sophisticated
equipment used in the medical field which involves the application of ionizing radiation and the
worldwide efforts in establishing quality assurance programmes and treatment, part of which should
be the optimization of radiation protection and an appropriate cost benefit analysis.

A review meeting was organized on the Goiania Accident that had occurred in Brazil in
September 1987 in order to evaluate the accident so that the lessons learned can be shared by a wider
community. The resulting report was published by the IAEA in 1988. This was the first publication
of a series of accident reports, followed by a report on the radiological accident that had occurred in
February 1989 at a gamma irradiation facility which was used for sterilization of medical equipment
in San Salvador, El Salvador, a report on the radiological accident at the irradiator in Soreq, Israel,
at the irradiation facility in Nesvizh, Belarus, and at an electron accelerator in Hanoi, Vietnam. A
technical report on the radiation accident in Estonia is in preparation. These types of accident reports
are very useful in helping to avoid similar events. In parallel an international reporting system of
unusual events with radiation sources is under preparation.

In addition to these activities an International Database on Major Radiation Sources was developed
and will be published soon.

10.3.2. Research and development work

The IAEA is authorized to encourage and assist research on, and develop practical application
of atomic energy including uses of ionizing radiation, throughout the world. Under its research contract
programme the IAEA provides support for research work on radiation protection topics in the form
of research contracts or research agreements.

Support of research work is preferably performed by the IAEA in the form of so called co-
ordinated research programmes in which research institutes from various Member States, typically 10
to 15, participate with research contracts or agreements. Research progress is regularly exchanged
among the scientists participating in these programmes and results are made available to all Member
States in published form. Co-ordinated research programmes (CRPs) generally are active for a period
of 3-5 years.

In the past years, several such CRPs on radiation protection were supported: One on "Carbon-
14 from Nuclear Facilities", with scientists from 12 Member States; one on "Use of Chromosomal
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Aberration Analysis in Lymphocytes for Estimating Radiation Dose", with scientists from 15 Member
States; and one on "Use of a Realistic Chest Phantom for Calibration of Chest Monitoring Equipment
for the Assessment of Intake of Transuranium Elements", with scientists from 10 Member States.

A co-ordinated research programme on Radiation Doses in Diagnostic Radiology and Methods
for Reduction was carreid out successfully in the last years. Scientists from 15 Member States are
participating in this programme, carried out jointly with the Commission of the European Communities
(CEC).

Most sealed sources bear no identifying marks and might be mistaken for normal stainless steel
objects. Consideration will be given to the possibility of introducing a standardized international
marking system for sealed sources. The following research contracts or agreements will be taken into
consideration:

(a) Research contract (or agreement) on improvement of safety through improving design of
radiation sources or devices incorporating sources;

(b) Research contract (or agreement) on the creation of individual country data bases (e.g., source
register, accident (- and causes of accidents) register).

The potential advantage of international co-operation in nuclear safety research through shared
technical and budgetary resources is obvious. Co-operation also opens the door for small countries to
participate in research which they could not normally undertake.

10.3.3. Radiation protection services

Almost two thirds of the IAEA's Member States are developing countries. A large majority
of them have the most urgent needs to establish or to improve their radiation protection practices and
services. To better meet the requirements of such a large group of countries, the IAEA offers various
services in the area of radiation protection.

Emergency assistance services. Safety problems can more easily be identified and solved
if there is international co-operation. This is particularly the case for emergency preparedness, where
countries must work together because a radiation release would not respect national boundaries. It is
clear that adequate emergency preparedness is an important part of radiation protection.

A major nuclear power plant accident would require a substantial response effort that could
tax the resources of any country and be beyond the national capabilities of some. There are special
concerns in connection with plants located in border areas, particularly in cases where the neighboring
countries do not have nuclear installations. Thus, while national planning is basic, bilateral and
multilateral agreements for mutual assistance are indispensable.

Since 1958, the IAEA has been active in promoting the establishment of international
arrangements through which countries could render mutual assistance in the event of a nuclear accident
or radiological emergency. These efforts culminated, in 1986, in the adoption of two legal instruments:
the Convention on Early Notification of a Nuclear Accident (Early Notification Convention), and the
Convention on Assistance in the Case of a Nuclear Accident or Radiological Emergency (Emergency
Assistance Convention). As of 22 September 1989, there were 72 Signatories (42 Parties) of the Early
Notification Convention and 70 Signatories (37 Parties) of the Emergency Assistance Convention.

The emergency response capability needed in the IAEA and in Member States to make the
Conventions really operative in a contingency is being build up. The IAEA had maintained its own
Radiation Emergency Assistance Plan and Programme since 1959, under which to arrange for the
provision of assistance at the request of any Member State in which an accident has occurred involving
exposure to ionizing radiation. After the Chernobyl accident, the IAEA established an emergency
response unit to better fulfill its obligations. In this connection two main types of capabilities are
required :

(i) receiving and disseminating information provided or requested by Member States during the
acute stages of a nuclear accident or radiological emergency; and
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(ii) providing or obtaining assistance in response to requests from Member States.

Extended arrangements were made to enable the IAEA to quickly channel requests for, and
offers of, assistance to a Member State in the event of a serious nuclear accident or radiological
emergency.

It is recognized that requests for external assistance could probably not be met within the first
few days of an accident occurring and it is important, therefore, that countries ensure, to as great an
extent as possible, that they have their own capability to respond during this early accident phase.
Upon request by a Member State, the IAEA is prepared to assist with the development and
improvement of emergency plans and preparedness arrangements, to advise on the adequacy of
existing arrangements, and to provide assistance in testing these plans through the observation and
evaluation of emergency preparedness exercises.

Following the radiological accident in 1987 in Goiania, Brazil, the Brazilian Government
approached the IAEA with a request for assistance within the framework of the Emergency Assistance
Convention - the first time that the Convention had been invoked by a Member State.

The IAEA arranged for the provision of assistance by two medical experts from the USA. It
also arranged for expert assistance and the supply of dosimeters through its technical co-operation
programme and for the provision of other monitoring instruments by Member States: within a few
days, a variety of radiation monitoring equipment had been provided by France, the Federal Republic
of Germany, Hungary, Israel, the Netherlands and the United Kingdom. Several countries, including
Argentina, France, the Federal Republic of Germany, the Soviet Union, the United Kingdom and the
USA also provided assistance in the form of experts and radiation protection equipment direct to
Brazil.

Data bases. Another area to which the IAEA is currently devoting particular attention is the
establishment of a computerized radiation protection data base as an additional service for Member
States. Under main consideration is the compilation of occupational exposure related data. However,
an expansion of this data base to include sources related data in order to assist Member States in
controlling radiation sources and devices is envisaged.

Radiation protection laboratory services. A central responsibility of the IAEA's Radiation
Safety Services Section is to ensure that, during operations at IAEA premises, the health and safety
of workers, as well as of individuals of the public, are maintained. IAEA radiation protection rules and
procedures or other pertinent safety documentation supports the achievement of this task through the
provision of radiation protection services, including personnel monitoring services. These personnel
monitoring services (using the thermoluminescence dosimetry) are also provided on request to those
developing Member States which either do not yet have their own service or to those which require
specific dosimeters (extremity dosimeters, neutron dosimeters, etc.).

Advisory services. The IAEA advisory services in radiation protection include expert
missions on various topics: implementation of the Basic Safety Standards for Radiation Protection,
creation of radiation protection infrastructure, legislation (including laws and regulations, codes of
practice, rules and procedures), internal and external personnel monitoring, occupational radiation
protection, radiation protection in specific activities such as mining and milling, handling of radiation
sources, radiation protection aspects of radioactive wastes, radiation protection of the general public
and the environment, transport of radioactive material, planning and preparedness for radiological
emergencies, and early diagnosis and handling of overexposed individuals.

Advisory services are performed either by the IAEA's staff or by recruited qualified external
experts. Although many advisory missions have been performed by IAEA staff, the majority were
undertaken by external experts. In such cases, the IAEA's technical staff is consulted to identify duties
and select the most appropriate expert for a given project; it also takes part in briefing and debriefing
before and after expert missions.
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Advisory services are also available regarding safe operation of nuclear research reactors,
accelerators, multi-purpose irradiation facilities, mining and milling of radioactive ores, waste
management and food contamination control. Other types of advisory services include assisting
Member States to prepare a programme for radiation protection activities, advising the competent
authority on required actions in a specific practice, assisting in the implementation of a project and
providing individual training on the use or operation of e.g. radiation measuring instruments.

Radiation Protection Advisory Team (RAPAT) missions. In 1984 the IAEA established
a special programme to assist developing countries in reviewing and assessing their radiation protection
activities, identifying priorities, and recommending a long-term radiation protection programme in co-
operation with the IAEA. Under this special programme the IAEA offers to send to requesting
Member States a Radiation Protection Advisory Team (RAPAT) composed of typically three to four
highly qualified experts with extensive and broad experience in radiation protection. During the
mission, the team visits competent national authorities and institutions where radiation protection
activities exist or are needed, and convenes discussions with senior officers of top governmental offices
such as Ministries.

The purpose of the RAPAT mission programme is to help assess the national radiation
protection status, identify needs and priorities of the country visited and propose directions of a long-
term dvelopment programme on radiation safety control.

The general findings of RAPAT missions indicate a certain lack of national radiation
protection programmes, of effective national authorities, of regulations and regulatory practices, of
laboratory techniques for radioactivity determination and of manpower.

It became evident that assistance in the form of expert missions and fellowship awards is much
more needed than assistance in the form of equipment, although in many of the visited developing
countries, the missions found insufficient radiation measuring equipment as well.

A systematic assessment of national activities in the area of radiation protection is most
valuable for adjusting the IAEA's programme and technical co-operation activities to better meet the
needs of Member States. Systematically collected information not only facilitates setting priorities in
radiation protection work but contributes to better selection of topics for various regional activities.

The mission of the RAPAT in no way constitutes an intrusion into the internal affairs of a
Member State, nor does it attempt to investigate deficiencies in a national system. It operates only at
the request of a Member State, and in response to the-national authorities' need for assistance in
applying standards to meet that State's particular needs.

It is already clear that the RAPAT scheme of missions, to a great extent, enhances systematic
long-term technical co-operation planning in radiation protection.

10.3.4. Technical co-operation and assistance

The Division of Nuclear Safety, as other technical divisions of the IAEA, is intimately
involved in technical co-operation activities by provision of technical advice and support for TC
projects. The share of activities under the technical assistance programme for improving radiation
protection capabilities in developing Member States is significant.

Within in-country, regional and interregional TC projects the IAEA provides assistance in the
form of experts, fellowships and equipment. Emphasis on radiation protection activities within
regional projects is increasing. In addition, interregional activities are being supported which mainly
comprise training courses but also execution of the RAPAT programme. In 1990 the IAEA's involve-
ment in current technical co-operation projects on safety amounted to more than 160 projects in some
65 Member States.

290



The objective of the technical co-operation programme on radiological safety is to generally
enhance the level of safety in the various operations that involve the use of radioactive material and
radiation sources in developing countries. Activities supported range from establishment of national
regulatory frameworks for radiation protection and implementation of means to ensure compliance with
such regulations, to strengthening of technical capabilities such as radiation protection equipment
resources.

Generally the IAEA's programme on technical co-operation for nuclear safety is, to a great
extent, responsive in character and the IAEA's response tailored to the needs identified by developing
countries. Project proposals are formulated by developing Member States and examined by the IAEA.

Any sound technical co-operation programme must aim at and respond to the priority needs
of Member States as perceived by them. This principle precludes any predetermination of the content
of the technical co-operation programme of the IAEA, but it does not preclude a dialogue for finding
common denominators between national and international priorities. An intensive appraisal process and
dialogue with Member States is essential and is pursued.

The IAEA's assistance alone is not sufficient: technical co-operation can only be successful
and most effective when there is also a strong input from the counterpart of a particular project.
National Governments' commitment is fundamental to the success of a project. Technical co-operation
is most fruitful if the IAEA's assistance capabilities and the recipient country's co-operation
capabilities match.

Although modes of co-operation comprise mainly single projects hosted in individual
institutions of a country, several regional and interregional projects in which more than one country
co-operate are already underway for a number of years. Current regional programmes comprise one
in the Latin America Region known by the acronym ARCAL, one in the Region of South East Asia
and the Pacific known by the acronym RCA, one in the region of the Middle East (RER) and one in
Africa (RAF).

10.3.5. Training on the safe use of radiation sources

Adequate infrastructure and staffing to run national radiation protection activities are necessary
for the creation, organization, and implementation of any effective nuclear development programme.
Manpower development is one of the most important needs in developing countries. Highly aware of
these needs, the IAEA offers various types of training activities and assistance in this field. The IAEA
has also published a technical report entitled "Training in Radiation Protection" covering training
strategy and course syllabi (IAEA Technical Reports Series No. 280).

Most IAEA training activities are initiated following direct requests by Member States. Apart
from interregional training courses which are typically aimed to train the trainers, most training
activities are of short duration and directed at selected topics or techniques. Through its technical co-
operation programme, the IAEA organizes training courses in all areas of radiation protection. Yet
most training activities are in the hands of national authorities and IAEA can assist in the preparation
of the syllabus and through the provision of outside lecturers for a course. In countries without an
adequate infrastructure for radiation protection, training activities may be organized within the
framework of a technical assistance project. Since needs for training are increasing, action for a
systematic approach to radiation protection training has been undertaken by the IAEA.

Training programmes are an effective means of promoting an awareness amongst users,
regulators and safety officers of the hazards of radiation sources and of the procedures which should
be followed for providing protection against them. Therefore interregional, regional and national
training courses are held on a regular basis.
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11. SAFETY IN PACKAGING AND TRANSPORT OF RADIATION SOURCES

11.1. IAEA TRANSPORT REGULATIONS

The purpose of this chapter is to logically and sequentially explain the terms necessary to
provide a general understanding of the radioactive material transport regulations.

11.1.1. Terminology

Special form radioactive material is either an indispersible solid radioactive material or a
sealed capsule containing radioactive material. This means that the material has a very high degree
of physical integrity so that if the material were released from the package in an accident, while there
might be a radiation hazard, it is highly unlikely that there would be any contamination hazard.
Therefore, larger quantities can typically be shipped in any given package. The qualification test
criteria for special form are very stringent, and are defined in the IAEA Safety Series No. 6, paras
502-504. Material which has not been demonstrated to meet the special form requirements is in some
countries called normal form.

A, and A2. A, and A2 are quantities of radioactivity which are used in the Regulations to
determine such things as the type of packaging necessary for a particular radioactive material
shipment. A, applies to special form and A2 applies to other than special form radioactive material.
For example, A, is the maximum activity of special form material which is permitted in a Type A
package, and A2 is the maximum activity of other than special form radioactive material which is
permitted in a Type A package. A, and A2 values have been determined for most common radio-
nuclides and are listed in Safety Series No. 6, Table I. Fractions and multiples of A, and A2 are used
in specific criteria throughout the Regulations.

Excepted material. Excepted materials are very small quantities of radioactive material which
would present insignificant hazards in the event that they were released. Excepted materials are not
actually defined in the Regulations, but conditions are placed upon the material and the packaging to
allow the package to be transported as an excepted package. The basic limit for solid radioactive
material contents of an excepted package is 10"3 A, or A2. Table IV of Safety Series No. 6 shows the
detailed activity contents limits for excepted packages.

Low specific activity material. Low specific activity (LSA) material is radioactive material
which by its nature has a low activity per unit mass (specific activity). LSA material is divided into
three groups.

LSA-I. This material is intrinsically radiologically safe in that the radioactive concentration
is such that a person cannot physically breathe in enough of the material to give rise to significant
doses. LSA-I comprises unirradiated natural or depleted uranium and thorium compounds and ores,
and other radionuclides with unlimited A2 values.

LSA-II. LSA-II includes material for which the estimated specific activity does not exceed
10"4 A2/g for solids and gases and 10"5 A2/g for liquids. The activity must be distributed throughout
the material. For tritium the concentration limit is 0.8 TBq/L.

LSA-III. LSA-III comprises solids in which radioactive material is distributed throughout or
is essentially uniformly distributed in a solid binding agent such as concrete or bitumen. It must be
relatively insoluble with a leach rate of 0.1 A2, or less, per week and a specific activity not exceeding
2 x 10"3 A2/g.

Surface contaminated objects. A surface contaminated object (SCO) is a solid object which
is not itself radioactive but which has radioactive material distributed on its surfaces. SCO is divided
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into two categories SCO I and SCO II which are differentiated by the levels of fixed and non-fixed
contamination (see Safety Series No. 6, para. 144). SCO II has the higher allowed levels of
contamination.

Fissile Material. Fissile material is material that has the capability of undergoing nuclear
fission, and thus requires additional controls to assure nuclear criticality safety during transport. In
the Regulations fissile material is defined as 233U, 235U, 238Pu, 239Pu, 241Pu or any combination of these
radionuclides. Natural or depleted uranium which is unirradiated or has only been irradiated in
thermal reactors is not regarded as fissile material.

Consignment, consignor, consignee, carrier and conveyance. The consignment is the
package(s) or load of radioactive material which is presented for transport. The consignor is the
individual, organization or government which presents a consignment for transport, and the consignee
is the corresponding agent which receives the consignment.

A carrier is an individual, organization or government which undertakes the carriage of
radioactive material by any means of transport. Those who do this for hire or reward are known as
common or contract carriers in some countries, while the rest are called private carriers. A
conveyance is the means by which the package is transported, such as a vehicle, vessel or aircraft.

Exclusive use. When the consignor has more direct control of a shipment, then the Regulations
can generally be less restrictive. Hence the use of exclusive use shipments. Exclusive use means that
a single consignor has sole use of the conveyance (or large freight container), such that all loading and
unloading is carried out in accordance with the directions of the consignor or consignee.

Packaging and containment. Packaging is the assembly of components necessary to enclose
the radioactive material contents, and can include such things as absorbent materials, spacing
structures, shielding material, service equipment, shock absorbing devices, handling and tie-down
capability, and insulation. Together, the packaging and radioactive contents make up the package.
A containment system is defined as that part of the packaging intended to retain the radioactive
material during transport. More detail on packages is given in later sections of this course material.

Excepted packages. Excepted packages may only contain quantities of radioactive material
which are so small that the potential radiological hazards which might pertain during transport are
insignificant. There are no test requirements for excepted packages and therefore it must be assumed
that in any form of accident the package may fail completely and that the contents may be dispersed.
The radiation level at any point on the surface of an excepted package cannot exceed 5 |j.Sv/h to
ensure that any radiation dose to members of the public would be insignificant and that any sensitive
photographic material in close proximity would not be damaged.

Industrial packages. Industrial packages are used to transport LSA and SCO materials. There
are three types of industrial packages (IP-1, IP-2, IP-3) which are used for LSA and SCO shipments
according to the schedule in Table V of Safety Series No. 6. The requirements which packages have
to meet to be classed as IP-1, IP-2, or IP-3 are given in Safety Series No. 6, para. 134 (b); but these
are not demanding. Many normal packages used in industry, such as steel drums or bins, could meet
the requirements.

Type A packages. Type A packages are intended to provide a safe and economical means of
transporting relatively small, but significant, quantities of radioactive material. A total quantity of up
to A, special form radioactive material, or up to A2 if not special form, may be transported in a Type
A container.They are required to maintain their integrity under the kind of abuse or mishandling which
may be encountered in normal transport, for example: falling from vehicles, being dropped during
manual handling, being exposed to the weather, being struck by a sharp object, or having other
packages or cargo stacked on top. The specific tests required for Type A packages simulate such
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events and are detailed in Safety Series No. 6, paras 524-540 and discussed in later sections of this
course material.

Type B packages. The concept of a Type B package is that it should be capable of
withstanding most accident conditions, without breach of its containment or an increase in radiation
to a level which would endanger the general public and those involved in rescue or clean-up
operations. In other words the package could be safely recovered, but would not necessarily be
capable of being reused. While a Type B package is never required to withstand more than one
accident, the design criteria imposed by the Regulations subjects the package to a series of mechanical
and thermal tests with accumulative effects, each of which must cause the maximum damage.

In theory, a Type B container may contain any quantity of any type of radioactive material
provided that it has been designed to comply with all of the applicable requirements of the
Regulations. The requirements of the Regulations impose additional necessary design constraints over
and above those imposed on containers which meet normal conditions of transport, and the outcome
of these constraints is to dictate greater structural integrity, more careful consideration of containment
features and the ability to protect from elevated temperatures.

Type B packages may either be unilaterally approved (B(U)), or multilaterally approved
(B(M)). Unilateral approval means that they are approved by the competent authority of the country
of origin of the design only, while multilateral approval means that they are also approved by the
competent authorities of the countries through, or into which, the consignment is to be transported.

Transport index. The transport index is a number which is assigned to a package, (or
overpack, tank, or freight container, or consignment) which is used to provide control over groups of
packages for the purposes of minimizing nuclear criticality and radiation exposure risks. For many
packages it is numerically equal to 100 times the dose rate in mSv/h (or equal to the dose rate in
mrem/h) at a distance of one meter. For fissile material the transport index may be determined by
criticality considerations.

Competent authority. A competent authority is a national or international authority, which
is designated or recognized as such. Practically, for most nations it is the government agency which
regulates the transport of radioactive material.

Special arrangement. Special arrangements are those provisions which allow for the transport
of consignments which do not satisfy all of the applicable regulations. These special arrangements
must be approved by the affected competent authorities.

11.2. IMPLEMENTATION OF TRANSPORTATION REGULATIONS FOR RADIATION SOURCES

All transport of radioactive sources shall comply with the requirements of IAEA Safety Series
No. 6 "Regulations for the Safe Transport of Radioactive Material" and any existing national
legislation.

Safety Series No. 6 requires Member States to establish provisions to ensure compliance with
the regulations through the appointment of a competent authority. The competent authority is required
to set up and execute a programme for monitoring the design, manufacturing, testing, inspection and
maintenance of packaging. It is also required to implement a system of documentation for the
handling and storage of packages containing radioactive material by consignors and carriers to provide
evidence that the provisions of the regulations are being met.

Operating organizations for gamma irradiation facilities may become consignors when spent
sources are removed from the facility i.e. when they themselves present the package to the carrier. If
another organization presents the package to the carrier then that organization becomes the consignor.
In either case appropriate documentation must be prepared and be available at the facility for
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inspection by the competent authority. Details of the requirements for the consignor are given in paras
446 to 459 of IAEA Safety Series No. 6. In practice there will need to be co-operation between the
source supplier and the operating organization as spent sources are usually transported in packages
provided by the supplier. The requirements for radioactive materials and for packaging and packages
are given in Section V of Safety Series No. 6.

In the event that a consignment of radioactive sources is involved in a transport accident, it
is likely that the consignor and consignee will be among the first to be informed because the
documentation accompanying the vehicle will show their names and addresses. Both organizations
should be fully aware of the arrangements for dealing with such accidents and, where appropriate,
provide or call for practical advice and assistance. It should be recognized that information about the
incident may be required by the press and the public in general and arrangements should be made for
handling such inquiries.

IAEA Safety Series No. 87 "Emergency Response Planning and Preparedness for Transport
Accidents Involving Radioactive Material" gives guidance and recommendations for dealing with
transport accidents and should be used as a guide in the preparation of the relevant parts of the
contingency plan. The most relevant sections of the document are as follows:

Section II - summarizes the Transport Regulations.
Section III - outlines the requirements for Emergency Plans.
Section V - describes the actions required in response to a transport accident and allocates the

responsibility for such actions.
Section VI - draws attention to the need to provide accurate and authoritative information to the

public.

Loading/unloading sources

These operations may expose persons to dose rates in excess of those experienced in normal
operation of the facility. Therefore an evaluation of procedures must be made beforehand to ensure
that the exposure of persons are kept as low as reasonably achievable (ALARA).

An assessment should also be carried out of any safety hazards associated with the
loading/unloading work. Any necessary contingency plans should be incorporated in the written
instructions for operations of the facility. It is imperative that the integrity of the safety control systems
are not compromised by the source loading/unloading procedures.

The loading and unloading of the radioactive source(s) on arrival at the facility or on despatch
from it are potentially hazardous operations and shall be undertaken under close radiation protection
supervision. Safety in these operations depends on co-operation between those responsible for
protection and the team appointed to load or unload the radioactive source. In many cases this will
be the supplier of the sources. Ultimately, however, responsibility for safety while the radioactive
source is on site resides with the operating organization.

Certain types of source flasks do not meet the requirements for type B(U) packages as given
in Safety Series No. 6. These flasks are transported in a special transport container. When the flasks
are removed from this container, precautions need to be taken to ensure that there is no highly
flammable material such as in petroleum fuelled vehicles or liquid petroleum gas storage vessels in
the immediate vicinity. Operating organizations should consult the supplier of the sources for
information on the need for such precautions.
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12. WASTE MANAGEMENT

12.1. HANDLING, CONDITIONING AND STORAGE OF SPENT SEALED RADIATION SOURCES

A large number of spent radiation sources exist all around the world. The largest number is
in the developed countries, but also in the developing countries there are thousands of spent sources.
The activity in each source varies from a few kilobecquerel (microcurie) in consumer products to
hundreds of petabecquerel (megacurie) in facilities for food preservation; the former sources are
harmless while the latter may cause lethal damage after a few seconds of exposure.

The problems of safety with spent radiation sources have been under IAEA consideration for
some years. They received increased attention after the tragic accident in Goiania, Brazil, in 1987,
which caused the death of four people and also caused extensive contamination of the city. As a result
the IAEA initiated a special project to identify and quantify the problem [12.1] and also prepared an
action plan to be implemented.

The preferred option is reduce the risks for accidents with spent radiation sources is their
conditioning including embedding in a matrix; usually cement molar.

This method, which is applicable to radiation sources with activities up to a few terabecquerel,
depending on the radionuclide, is used in both developed and developing countries. The method has
the advantage of using unsophisticated technology, material and equipment which is available in
almost every country and it gives a waste package which is stable for a long time under interim
storage conditions. With the use of additional shielding, e.g. lead, inside the drum, it is possible to
reduce the surface dose rates to such levels as to ensure that people will not get high doses even when
handling the packages without any precautions.

12.1.1. Storage of radiation sources

Long lived sealed radiation sources are usually kept in a specially protected safe or cabinet
as shown in Fig. 12.1. The isotope cabinet is provided with a safety lock system and fire protective
insulation, and is for that reason theft-proof and fire safe. A lead shielding with variable thickness
makes it also radiation safe. The cabinet door shall bear a sign indicating presence of radioactive
material.

Although it is simply advised to condition spent radiation sources as soon as possible once
they are identified as spent radiation sources, it may not always be possible to do so. It may for
example be necessary to collect more spent sources to be conditioned at the same time and that time
may be extended over a few months (and in extreme cases up to years). If the storage time will be
short, extending to a few weeks, temporary shielding can be arranged in a room using concrete blocks
as illustrated in Figure 12.2. Such temporary storage needs to be marked as such and should be
established only in rooms with controlled access. The door(s) to the room shall be kept locked, and
they shall be a sign indicating presence of radioactive material.

Storage for longer times should be done in facility or room specially constructed for storage
of radioactive waste. Interim storage of conditioned spent sources is discussed in Section 12.1.7. The
more general matter of storage of unconditioned and conditioned low and intermediate level wastes
is covered in a separate lecture.

12.1.2. Transporting sources to place of conditioning

Spent radiation sources are often stored at the place of use; hospitals, research institutes, or
industry, and must thus be transported to the place of conditioning. Such transports must, as all

296



J

I - " . •*

k
*. '-- ']

' '

•" . s

F/G. 72. i. Shielded cabinet for storage of radiation sources.

FIG. 12.2. Brick wall as temporary shielding for spent radiation sources.
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transports of radioactive material, be done in accordance with the internationally agreed transport
regulations, which are based on recommendations from the IAEA [12.2].

It is outside the scope of this lecture to discuss all details of the transport regulations which
are applicable to transport of unconditioned spent radiation sources, but a few comments can be made:

Small radiation sources can be transported as Type A packages. A Type A package is
designed to withstand normal conditions of transport, including mishaps. Activity limits
specific to each radionuclide apply.
Large radiation sources should be transported as Type B packages, which are designed to
withstand accident conditions. Type B packages require Competent Authority approval. (How
much can be transported as Type A and Type B packages is discussed in Section 12.1.4.4).
Type A and Type B packaging (in transport terminology a packaging is the enclosure of the
source which together with the source makes up a Type A or Type B package) are
commercially available at reasonable price. Every country should have a few for national use.
Equipment, for example industrial gauges, usually meet the requirements for a Type A
package, but not for a Type B package. Some transportable equipment; such as gamma
radiography equipment, are, however, also approved transport packages (Type B).
The National Competent Authority for transport of radioactive material should be consulted
prior to transport of spent sources. If there is no such authority established with adequate
expertise, assistance from the IAEA should be sought.

Before transport of a spent radiation source is done it is necessary to know if the source is
leaking of if its is contaminated on the outside. Normally leak-tests should regularly be done on all
sealed sources, but in reality that is not always done. Particularly for sources no longer in use leak
testing may often be forgotten. Another reasons for doing the leak test at the collection point is that
there normally is equipment and experienced personnel at the hospital for doing leak-tests of radium
sources. For transport of radium sources the inner containment of the packaging should be airtight to
prevent radon from escaping if the source should be damaged during transport.

On receipt at the conditioning facility, the packaging is unloaded and the external radiation and
surface contamination levels are checked again.

The transport regulations and their implementation for radioactive waste shipments is the subject
of a separate lecture.

12.1.3. Source candidates for conditioning

All spent radiation sources with an activity above the applicable exemption levels are
candidates for conditioning. For high activity sources (used for e.g. industrial sterilization and food
preservation) specialized facilities are required for handling and conditioning. The scope of these
lectures notes is limited to the much more frequently occurring spent sources of lower activity;
typically up to the TBq range.

Following conditioning of spent sources interim storage is necessary because of lack of
facilities for final disposal. This constraint results in inherent preference for conditioning options that
readily produce waste packages that can be conveniently and safely transported in full accordance with
the transport regulations. The above mentioned activity upper range has been accordingly determined.

Examples of types of sources which normally can be conditioned in 200 liter drums, or in
special concrete cubes, if the geometrical size of the equipment is too large, are:

Brachytherapy sources,
Calibration sources,
Industrial gauges,
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Soil-moisture and density-gauges,
Industrial radiography sources.

Even old teletherapy sources may have such activity that they cannot be transported as a Type
A package without special arrangement under the transport regulations, which facility must be
considered if a decision is taken into condition a spent teletherapy source. On the other hand spent
teletherapy sources do not represent a very large potential risk if they are not conditioned . Unless
adequate storage conditions exists, preferred action is to condition the source although special
arrangements may have to be made for the transport operations.

For short lived sealed sources, which will decay to exemption levels within a year, it may not
be an optimum solution to do the extra work necessary to condition the sources. Those sources may
be stored without conditioning, provided that a suitable interim storage is available. It must however
be recognized that unconditioned sources always represent a larger risk than conditioned and the
decision not to condition a source must include an analysis of those risks.

12.1.4. Planning for conditioning

Before any operation is carried out a detailed plan must be made to ensure that the whole
operation can be carried out in a safe way and without occurrences which cannot be dealt with in a
proper way. Regulatory requirements need to be taken into account at the planning stage . There are
several aspects of this matter - licensing requirements specific to the conditioning plant or operation,
criteria for acceptance of waste packages for final disposal and the transport regulations. This means
that the person in charge of the conditioning operation has to consider the following details.

Regulatory requirements;
Collection of information regarding the source;
Personnel request for doing the job;
Equipment which should be available;
Which activity can be immobilized in one package;
Which shielding is necessary;
Preparation of the container;
Considerations for radiation protection.

12.1.4.1. Regulatory requirements

Conditioning spent radiation sources is conceptually a nuclear activity for which operating
license requirements apply. These requirements define the scope for conditioning operations as well
as any specific rules that must be complied with. The conditioning operation is furthermore governed
by criteria for acceptance of waste packages for interim storage and, eventually, for final disposal.
Even if a final repository has not yet been established, repository acceptance criteria need to be
considered; at least in the form of guidance regarding suitable conditioning methods [12.3-12.5].
International experience has shown that the methodology here described is suitable for the conditioning
of spent radiation sources from both the interim storage and final disposal points of view. The final
set of requirements that need to be taken into account in the planning stage is the transport regulations.
It is essential that the person responsible for the conditioning operation ensures that any relevant
regulatory requirements are complied with.

12.1.4.2. Collection of information regarding the source

Before detailed planning is possible it is necessary to have all relevant facts about the sources
to be condition in order to:

Ensure that the conditioning method is compatible with the source and its characteristics.
Have the basic facts needed to plan the conditioning process.
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Have the basic facts needed to plan the radiation protection measures required during the
conditioning procedure.
Radionuclide, activity and date (e.g. 60Co, 20 GBq, 14 January 1988).
Physical and chemical form of radionuclide.
Producer of the source (e.g. Amersham, UK).
Source type including dimensions and shape.
Source serial number.
User of the source including name and address of person knowing details of the source
history.
Results of tests which have been done, for example leak tests.
If the source is included in an equipment or a shielding container, in that case details of the
equipment, i.e. dimensions, material, etc.
Measured dose rates (direct at the surface and at 1 m distance).

Normally this information will be available with the user of the sources, but it may be
necessary to search information with many users, national agents of the producer or the producer
himself.

All information should be collected and filed in a structured way to facilitate retrieval when
needed.

12.1.4.3. Personnel request for doing the job

The conditioning procedure requires skilled personnel with appropriate level of theoretical
knowledge and practical experience, self-discipline, and with a feeling of responsibility for high quality
of the work.

The number of persons needed is not prescribed, nevertheless the presence of at least two
persons is usually required during any operation with radioactive material. Below listed professions
should thus be understood as 'institutions' of responsibilities, knowledge and skills in different steps
of the conditioning procedure, where several of them may be delegated to one person.

One person should be responsible for the whole operation. He can be a radio-chemist or a
radio-physicist with a university degree and experience in the operation of sealed source
devices.
One person should supervise the radiation protection and safety of personnel during all active
operation. This person should be a health physicist and should have knowledge of:

Radiological protection regulations;
Activity measurements;
Dose rate and surface contamination measurement.

One person is required for driving a car and operate a forklift truck. He should also have
some experience in the handling of packages containing radioactive material. He must have
a driving license for a car and a forklift truck.

12.1.4.4. Which equipment and material should be available for conditioning?

When the details of the conditioning process are decided upon, all equipment required must
be collected. Although there might be some differences depending on exactly how the conditioning
is to be carried out, the following is usually required:

Spent sources;
Additional shielding containers required to meet dose rate criteria on the waste package 200
liter steel drums without any inside or outside corrosion and mechanical damages preferably
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with galvanized and/or painted surfaces;
Cement, sand and water according to the specified mixture;
Cement mixer or provisions for manual mixing;
Vibration device or provisions for manual compaction of cement mortar steel reinforcement
bars;
Tin-can, active carbon and araldite (for Ra sources);
Concrete blocks for shielding around the drum during the work;
Handling tools (e.g. long tongs);
Plastic sheets (to protect against contamination);
Personal dosimeters;
Dose rate meters and contamination monitor;
Transport labels;
Permanent markings (for the waste package);
Forklift truck.

12.1.4.5. Which activity can be immobilized in one package?

Conditioning of spent sealed sources with cement in a 200 liter drum or in another suitable
container gives a package which is suitable both for safe transport and storage. The 200 liter drum
containing the conditioned source, represent a Type A package according to the IAEA Transport
Regulations.

The limit on activity in a Type A package containing sealed sources, depends on the type of
radionuclide(s) contained in the source(s). Limits for some nuclides commonly used in sealed sources
are given in Table 12.1.

TABLE 12.1. A, A2 VALUES FOR FIVE FREQUENTLY USED RADIONUCLIDES

Nuclide

Co-60

Cs-137

Ir-192

Ra-226

Am-24

A,

TBq

0.4

2

1

0.3

2

(Ci)

(10)

(5)

(20)

(8)

(50)

a,

TBq

0.4

0.5

0.5

0.02

0.002

(Ci)

(10)

(10)

(10)

(0.5)

(0.005)

The A2 values represent the activity limit for a Type A package, if not special form radioactive
material. The A, values apply only for sealed sources which can be defined as special form
radioactive material.

'Special form radioactive material' means an indispensable solid radioactive material or a
sealed capsule containing radioactive material, and Competent Authority approval is required. It may
be expected that many sealed sources meet the requirements to be classified as 'special form
radioactive material'. These include dimensional limits, an impact test, a percussion test, a bending
test and a heat test. The IAEA transport regulations should be consulted for details of these tests and
other criteria. Even if it is known that a source is special form but there is no approval document to
prove it, the A2 value has to be used.

If the amount of activity in the package has to exceed A, a Type B package, which is much
more robust, must be used. Detailed requirements of this type of package are given in the IAEA
Transport Regulations.
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Another aspect of determining which spent sources can he conditioned in one package is
related to final disposal. There are several elements to this aspect, and they relate both to the activity
and radionuclide characteristics of the sources.

Spent sources with half-lives of more than about 30 years will usually need to be disposed of
in a deep geological repository. Radium is an obvious example of this category. For sources with
shorter half-lives shallow land disposal facilities are usually appropriate. Sources with half-lives less
than one year may, depending on activity, only need to be stored for decay to reach exemption limits,
or may be conditioned rather for convenience, but still with the intention of final disposal as
non-radioactive waste.

To ensure that these final disposal strategies can be adequately implemented only spent sources
belonging to one and the same group should be consolidated for conditioning in the same waste
package. Similarly, for sources belonging to the same group, there may be advantages at later handling
and transport stages if the activity of sources intended for the same package reasonably fall into the
same activity range. In this case transport arrangements may be simplified for the low source activity
range packages. Such activity segregation of course assumes that the number of sources warrant the
practice.

12.1.4.6. Which shielding is necessary?

For optimization of the conditioning of spent sealed sources with respect to the number of
packages, the surface dose rate and dose rate at one meter from the surface of the package should not
exceed 2 mSv/h and 0.1 mSv/h, respectively. It is necessary to make a calculation of the expected dose
rates prior to deciding what sources to be conditioned in the same drum. A rough estimation can be
done with the help of the gamma constant, the HVL (half-value layer) and the inverse square law.
Table 12.2 gives the constants for the five most common radionuclides.

TABLE 12.2. GAMMA CONSTANT AND HVL FOR FREQUENTLY USED RADIONUCLIDES

Nuclide

Co-60

Cs-137

Ir-192

Ra-226

Am-241

Gamma constant
(mSv/h at 1 m from

a 1 GBq source)

0.36

0.086

0.14

0.22

0.004

HVL concrete
(cm)

6.3

4.9

4.3

7.0

0.8

HVL lead
(cm)

1.2

0.6

0.55

1.4

0.02

Example: (Illustrated in Figure 12.3) Five sources, in total 20 GBq of Co-60 shall be
conditioned in one drum. In addition to the concrete there is a lead pot with 5 cm wall thickness. Will
that be enough?

From Table 12.2, it is seen that the dose rate at one meter from 20 GBq of unshielded Co-60
is:

20 x 0.36 = 7.2 mSv/h

The shortest distance from the outer wall to the source is 0.25 m. The inverse
square law gives the dose rate at the surface:

I 2

1 .2 x
0 . 2 5 2

= 115 rnSv/h
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FIG. 12.3. Shielding calculation example.

20 cm of normal concrete corresponds to 20/6.3 or around 3 HVL which gives a dose
reduction of

2 x 2 x 2 = 8

5 cm lead corresponds to 5/1.2 or around 4 HVL which gives a dose reduction of

2 x 2 x 2 x 2 = 16

The total reduction is

16 x 8 = 128

The surface dose rate will thus be

115
128

= 0.9 mSv/h

which is below 2.
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The dose rate at one meter from the drum can be estimated with the inverse square law

0 . 9 x ° ' 2 5 2 = 0 . 0 3 3 mSv/h
1 .32

Thus, it is likely that the dose rate criteria will be met. The above method is not very accurate
since it includes a number of simplifications. If close to the limits, more accurate calculations should
be done or additional shielding added.

The dimension of the sources must be known in order to ensure that there is enough space for
all sources planned to be conditioned in the same drum.

To increase the radiation shielding capacity of the concrete, gravel may be partially or fully
replaced by iron ores or small iron pieces, advantageously with different diameter ball shape. Similar
effects may be obtained by installation of metal bricks (lead, depleted uranium) in to the drum,
however, the gross weight of the package can exceed the acceptable level.

12.1.4.7. Preparation of the container

A 200 liter steel drum is adapted to form a consistent package (Figure 12.4). It must be able
to withstand corrosion and mechanical impacts for decades, to be safely transported after storage and
to be effective as a repository barrier for tens of years. Added concrete also serves as a radiation
shielding.

The advantage of using a 200 liter drum is that it is generally available all over the world and
it is suitable in size for most sources. When containing spent sources embedded in concrete, it also
normally meets the requirements for a Type A package.

If the volume of the equipment containing the spent source is larger than the 200 liter drum
volume capacity, a larger drum or prefabricated concrete cube as illustrated in Fig. 12.5 can be used.
Limits on external dose rate may similarly require the use of an alternative vessel large enough to
allow sufficient shielding material. It must however be remembered in those cases that the mass of
such packages will be large and the subsequent handling will require trucks and cranes. Features for
lifting should therefore be provided on the waste package.

Cement Mortar

Typically, 1 volume unit of cement, and 3 volume units of silica-sand and water to desired
consistency are used. The water volume should not exceed the volume of cement, the optimum
water/cement (w/c) ratio (weight) is about 0.4.

In order to get the requisite quality of the product, it is advisable to consult the national
experts on construction material. Also test samples should be prepared and tested in order to find the
best types of cement and sand and also to find the best mixture. This will assist in ensuring that the
concrete can meet requirements regarding mechanical strength and shielding.

Reinforcement

The reason to have reinforcement is to increase the mechanical strength of the waste package.
Also for this the national experts on construction should be consulted. Although a reinforcement net
gives the best results, it may be adequate to have only a few reinforcement bars with a diameter of
5-10 mm as illustrated in Fig. 12.6.
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12.1.4.8. Measures for radiation protection

The risk for contamination and need for internal dosimetry are correlated, and the contamina-
tion risk is dependent on the type of radioactive material handled. For most sealed radiation sources
there is no risk for spread of radioactive material and thus no need for internal dosimetry. But if the
source is known to be leaking, or it is not demonstrated that the source is leak-tight, as often can be
the case with spent radium sources, planning for internal dosimetry may have to be done. Special
ventilation systems will be required for handling of spent sources that are, or could be, leaking. A
separate lecture provides details on ventilation systems.

For proper contamination control it is, however, always necessary to have instruments available
(Figure 12.7) since there is always a risk for a source to be damaged during the work. Also
contamination monitoring shall be done after all work, and according to the transport regulations there
must be a surface contamination check of the packages to be transported.

Similarly, measures to control and monitor external radiation levels are necessary. They
include fixed or mobile shielding, such as lead or concrete. Suitable radiation monitoring instruments
should be used to determine radiation levels at the work place. They should also be used in more
critical operations; such as the handling of unknown, or poorly documented, sources and when
incidents or accidents occur in the process.

All persons engaged in the work should be provided with personal dosimeters that are
evaluated regularly (i.e. monthly) or at the end of a campaign.

12.1.5. Conditioning process

Conditioning of spent sources into steel drums with concrete is an effective and simple
method. It is limited mainly by activity content as was discussed in Section 12.1.4.4.

Conditioning is one component in the safe management of spent radiation sources. The
previous history of a source can influence the conditioning operation, e.g. a leaking source must be
enclosed in an extra container prior to conditioning in order to prevent contamination and must also
be handled with extra precautions. The conditioning may have an impact on the later steps in the
process. A source conditioned in a large concrete block will for example require mechanical tools for
transport. It is therefore important to consider always the whole chain of operations leading to final
disposal of a source whenever this is possible.

The principle for conditioning spent radiation sources in concrete is to place the sources, with
additional radiation shielding if necessary, in the center of a piece of concrete, where the concrete has
the objective to:

give additional radiation shielding;
give physical protection of the sources;
get a sufficient large waste package to ensure that people do not by mistake pick up the
package;
give the source an appearance which is not attractive for scavenging;
give possibility to apply a permanent and unambiguous marking on the waste package.

A 200 liter drum will in this connection mainly act as a form in which the concrete can be
moulded. The size is suitable for most normally occurring spent sources and also the size is such that
the waste package can be handled, but large enough to prevent people from taking the package by
mistake. Drums of this kind are available all over the world.

In case large equipment is to be conditioned, for example a radiation head from a teletherapy
unit including a spent source, the size of a 200 liter drum is not enough. For this case it may be
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(a) Dosimeter with dose rate and
accumulated dose alarm.

(c) Surface contamination monitor
with exchangeable probes.

(b) Dose rate meter with
analog display. (d) Scintillation monitor for

contamination control with
exchangeable probes.

FIG. 12.7. Instruments for dose rate and contamination.

appropriate to construct a larger waste package, for example a prefabricated cube of reinforced
concrete.

By proper conditioning a spent source in concrete, for example in a 200 liter drum, the source
is transformed into a form which cannot cause any large exposure even if the waste package is handled
without special precautions. A drum filled with concrete gives protection off the source as long as
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the concrete is intact. Furthermore, a drum filled with concrete does not give the impression of being
valuable and thus is less attractive for stealing.

12.1.5.1. Conditioning in a type A package

Before conditioning is carried out the person in charge should check that all equipment is
available and that the personnel have the necessary training. The 200 liter drum should be opened and
inspected for rust or other defects. Only drums which are free of defects should be used.

Before starting to place the concrete, the 200 liter drum is protected with polyethylene to
prevent external contamination from radioactivity or concrete splashes. It is important that any rubber-
sealing between lid and container-edge is maintained perfectly clean. Also the inside of the drum may
be covered with plastic since it can protect the drum against corrosion from the inside.

To reduce the external dose during conditioning temporary, shielding of concrete blocks or
lead bricks can be used for operator protection. A general rule for extra concrete shielding is that
6 cm thickness will at least halve the dose rate and correspondingly 40 cm thickness will reduce the
dose rate to one percent.

The concrete or mortar used for embedding should be a standard quality, homogeneous, with
prescribed cement/sand/water ratio as recommended by the national experts and tested. If a mixer as
shown in Figure 12.8 is used the mixing time should be long enough to assure homogenization of the
mixture. If no mixer is available, the mortar can be prepared by hand-mixing on a solid floor, but this
procedure needs more time.

FIG. 12.8. Simple concrete mixer.
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The shielding container with the spent sealed sources is placed on supporting rods in a
prescribed position. If encapsulation of more layers of spent sealed sources including shielded
containers is planned, i.e. utilizing the maximum activity load For Package A, special consideration
for the arrangement of the container should be made.

The remaining filling operation is carried out in two steps. Firstly the waste containers are
surrounded with mortar and it may be necessary to temporarily weight down the containers. The
mortar may be conveniently fed and distributed using a simple vee-shaped trough device. After the
next set, the remaining mortar charge is introduced filling the drum to the brim and the surface is
smoothed over. Mechanical or vibration compaction performed simultaneously ensures that the mortar
fills properly, which is necessary both to have the desired radiation shielding and the mechanical
strength of the waste package.

Before capping the rest of the void space, the package is filled with additional concrete. The
content level should be a few cm below the drum brim to facilitate placing a lid on it. After removing
the protecting tape from the lid-seal, the drum is left standing to allow for complete setting of the
mortar and for any bleed water to evaporate. Then the lid is fastened down, and in the example
shown, the drum is secured by bolts. These are tensioned using an electric wrench to a specific torque,
typically 15 kilogram meter. An alternative is to use a hand-operated torque wrench.

Normally, the lid on the drum does not have any important impact on the safe performance
of the waste package. It may slightly improve the mechanical strength and also it protects the concrete
surface. If a lid is not used, the drum should be filled up to the brim with concrete to avoid water
collecting on top of the concrete and enhance corrosion of the drum. Figure 12.9 illustrates the
principle steps of the conditioning of spent sealed sources in a 200 liter drum.

If a concrete cube, as shown in Figure 12.6, is used the principle conditioning steps for a large
spent radiation source are illustrated in Figure 12.10.

Conditioning in this way prevents unauthorized removal of the source because of the bulk,
weight and robust nature of the package and it also provides a barrier against loss of containment of
radioactive material. Such packages would have a weight of about 450 kg for a 200 liter drum and
2 tones for a 1 m3 concrete cube. Removal and transportation would require mechanical equipment,
e.g. a forklift truck.

Summary of procedure steps:

(a) Assemble all equipment and supplies required to proceed with the conditioning process as
listed in Section 12.1.4.3.

(b) Open and inspect the 200 liter drum for rust spots or other defects. Only use drums that are
inspected and found to be free of defects.

(c) Mix sufficient concrete to fill the drum to approximately half of its volume. The mixing step
can be performed in an automatic concrete mixer or by hand in a designated area where the
ingredients (water, cement, sand, etc.) can be well mixed.

(d) Place the concrete mixture in the drum whilst assuring that voids or air pockets do not form
in the concrete.

(e) Tap the outside of the drum with a metal or wooden rod to ensure that a homogeneous
mixture of concrete has formed.

(f) Cut three or more equal lengths from the 5-10 mm diameter, 650 mm long reinforcing bar
(rebar) steel.
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(g) Insert the three pieces or more of rebar steel into the concrete in the drum and let the concrete
begin to harden.

(h) Using appropriate radiation protection and handling procedures, place the source casket(s) into
the center of the drum and push it down into the concrete so that about 5 cm of the casket is
covered by the concrete. The rebar steel rods should serve to guide the placing of the casket
holders) into the center of the drum.

(i) Let the concrete set for several hours then prepare a sufficient amount of new concrete to fill
the drum to about 2,5 cm from the top (repeat of step c).

(j) Once the drum is filled, repeat step (e).

(k) Check the outside of the drum to ensure that no concrete has been spilled on the outside
surface. If it happens, clean the drum surface immediately. The best way is protection of the
drum by a polyethylene bag.

(1) Allow the concrete to set for 24 hours in a secure location.

(m) After the concrete has set, fill any void space at the top of the drum with an adsorbent
material (i.e. diatomaceous earth, clay material, cement, etc.) to adsorb free liquid.

(n) Install the drum lid and bolting.

(o) Tighten bolt ring by screwing the closure device, tapping the ring during tightening.

12.1.5.2. Conditioning in a type B package

The package shown in Figure 12.11 is fabricated of stainless steel. This comprises a length
of pipe with a plug welded to the bottom. The bottom is fitted with a source holder and the top has
a tapered stainless steel screw plug which is sealed to the pipe with a copper ring. This provides a
tight metal to metal seal. The conditioning method using this package is only suitable for alpha and
beta sources due to the low shielding properties of the package.

There are two options for embedding spent sources in such a package. The first uses Portland
cement as the matrix and the second employs a low melting point (65° C) lead-bismuth alloy. Several
low melting point alloys are available commercially.

The advantages of using the cement are low cost, easy handling and availability. However,
as cement is in the ultimate a porous material, containment of gases would depend entirely on the
mechanical seal of the package. The use of the alloy provides an additional barrier to gas leakage and
a contribution to the shielding properties of the package.

If a cement matrix is used in place of the alloy, the same procedure is followed with
substitution of a prepared cement/water mixture.

Such a package is a low volume secure containment for spent sources or it can serve as a
container for additional conditioning. If the surface dose rate on the package exceeds 200 mSv/h it
could be encapsulated in a cement matrix using a 200 liter steel drum.

Summary of procedure steps:

(a) Determine the number of sources and total activity to be contained in the package.

313



Torquing Lug w.Lifting Ring

Copper O-Ring to Provide
Metal to Metal Seal

Tapered Screw Plug Torqued.
to Prespecified Value

Optional Sealant to Provide
Leaktight Barrier

Low Melting Point Metal
To Completely Cover Source
Provides Radon Seal
and also <x/p shield

Nominal Source Or Sources

Lead Casket

Stainless Steel 400.1"
Nominal Diameter Pipe
w/Welded Plug in Bottom

Machined Slot to Allow Torquing

(b)

(c)

FIG. 12.11. Sealed source in a Type B package.

Place the spent source contained in its casket in the Type B package. All transfer operations
should be carried out in a ventilated environment from which the air is filtered.

In the case of alloy encapsulation, melt sufficient alloy (a water bath could be used) and half
fill the package ensuring that the source remains in a central position in its casket after the
alloy has been added.
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(d) Allow the alloy to cool and solidify thus securing the source in the desired position, and then
pour in the rest of the alloy to cover the source. Care should be taken not to overfill as space
must be left to allow the screw cap to be entered.

(e) After the package is cool lubricate the threads at the top of the package with a high
temperature sealing compound (eg. high temperature silicone gasket material).

(f) Place the package into a vice and secure.

(g) Insert the copper 0-ring and hand tighten.

(h) Screw down the cap with the torque wrench and allow the gasket material to set for at least
12 hours.

(i) Seal the cap with an epoxy resin or similar sealing material.

(j) Perform a wipe test on the outer surface of the package to check the absence of contamination.

12.1.5.3. Conditioning of radium needles

When conditioning radium sources extra precautions have to be taken because of the radon
problem. Radium has a half-life of 1 600 years which means that all radium sources will sooner or
later start to leak radon. In order to take care of the radon, the sources should preferably be placed
in an airtight inner container in the waste package (see Figure 12.12). The best way to do that is
probably to include the sources in a stainless steel inner container with a welded lid. This option,
however, requires access to special equipment for welding and a system to control the quality of the
weld. The sealed capsule is then embedded in concrete in a 200 liter drum.

The other approach is based on a two-step sequence which includes packaging of the radium
needles with the lead casket in a small can made of tin plate and the interim volume filled with
activated carbon followed by encapsulation of the sealed can with concrete inside of a 200 liter metal
drum or prefabricated concrete vessel. The procedural steps for this option for conditioning radium
needles are as follows:

(a) Select a metal can of tin plate that is capable of forming an air tight seal by welding, soldering
with a low melting alloy, screw torque turning or other acceptable closure methods. The size
of the can should be such that it only occupies a small fraction of the volume capacity of the
200 liter drum or the concrete vessel.

(b) Following established radiation protection procedures, place the casket of radium needles into
the can and add sufficient activated carbon to completely cover the needles and fill the can.

(c) Seal the cap to the can using an appropriate closure method (i.e. welding, soldering or
screw-type cap) that ensures an air tight seal.

(d) The sealed can containing radium needles including casket can now be conditioned with
concrete in a robust 200 liter steel drum as long as the radiation level at the surface of the
outer container does not exceed 2 mSv/h.

The tin can containing spent radium needles can be conditioned as described in Section
12.1.5.1 or 12.1.5.2.

Figure 12.13 illustrates the main conditioning steps of the radium needles.
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FIG. 12.12. Radium needles and activated carbon sealed in a tin can.

12.1.5.4. Labelling and marking of packages

To meet relevant requirements and to ensure that the waste package can be identified even
after long periods of time in interim storage, the waste packages have to be permanently marked. The
transport regulations give detailed specifications on how the packages should be labelled. These labels
(Figure 12.14) are required for transport safety purposes, and are additional to the permanent
identification mark.
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Conditioning of a sealed source should not result in any contamination on the outside of the
drum. If decontamination is necessary, the removable contamination on the external surface should be
reduced to levels as low as practicable. Limits of non-fixed contamination on surfaces, as published
in IAEA transport regulations [12.2], are:

4 Bq/cm2 of beta-gamma emitting radionuclides;
0.4 Bq/cm2 of alpha emitting radionuclides.

External radiation levels at the drum surface are restricted to 2 mSv/h and to 0.1 mSv/h at
1 meter distance.

To avoid unnecessary personnel doses, fastening of the permanent marker on the drum should
be done before the sources are conditioned. It might also be possible to fasten the permanent marking
on the lid. This is, however, not the best method since the lid will be put on later and when having
more drums the lid can be placed on the wrong drum.

To ensure that a waste package is possible to identify even after decades in an interim storage,
it is not enough with paper labelling e.g. labelling for transport. The label should be a metal plate,
which does not corrode. The plate should be permanently fixed to the drum. For example, a metal
plate can be fixed to the drum by long screws going into the concrete (could be emplaced before
concrete is added) to ensure it will be strongly fastened.

Another method which also has been used, when there is no lid on the drum, is to press a U-
shaped metal plate (Figure 12.15) into the wet top concrete.

It is important that the markings are positioned such that they are seen when the waste
packages are stored. As a supplement to the permanent marking, and to facilitate seeing from longer
distance, the identification number and trefoil symbol can be painted on the drums.

The permanent identification mark should at least include:

The trefoil symbol for radioactive material.
An identification number of the package (often the year of production together with a serial
number is used, e.g. 91-01. If waste packages are produced at more than one place also an
identification of the production place should be added).

1991-01
20G8q Co-60
1991 -01 -16

FIG. 12.15. U-shaped identification plate for insertion in wet cement.
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The content of the package and the date (e.g. 20 GBq of Cobalt-60 and 10 GBq of caesium-
137 dated 1991-01-15).

12.1.6. Quality assurance

The increasing awareness of quality assurance in the area of radwaste management requires
that an extensive set of data, defining the characteristics of each disposal package, will need to
accompany each package when sent for disposal. Virtually all of this data will be collected at the time
of waste processing and then stored until the package can be despatched to a depository. Data collected
should adequately respond to waste package acceptance criteria established in national regulations.
Similarly, other regulations, e.g. the transport regulations, establish requirements. Quality assurance
of operator's response to these regulations is also important. Two essential parts in the quality
assurance system will be described here briefly:

Conditioning process;
Documentation of conditioning.

12.1.6.1. Conditioning process

The final characteristics of the package containing the spent sources are determined at the time
of conditioning. Once a package has been prepared there are no readily available and reliable methods
- short of destructive analysis - to verify that the single package characteristics comply with established
requirements. If, for example, the drum used was not free from inside defects, this cannot be detected
by inspection, but can result in package deterioration whilst in interim storage.

In practice the only way to assure that the end product complies with specifications or
requirements is to apply appropriate quality assurance measures to each of the steps in the conditioning
process.

Such measures include documented procedures or requirements on:

Procurement and acceptance or raw material;
Identification and selection of spent sources, and their distribution in waste packages;
Immobilization process (recipes, instructions, check lists etc.);
Waste package identification marks and labels;
Equipment maintenance and repair;
Operation staff requirements; skills and training;
Record keeping.

12.1.6.2. Documentation of conditioning

An important part of quality assurance is the documentation of the conditioning. It shall be
done immediately after the work to ensure that correct information is registered. The information on
record should include the following:

Package identification mark;
Activity content;
Radionuclide(s) content;
Surface dose rate; date;
Dose rate at 1 m; date;
Contamination level; date;
Date and place of conditioning;
Conditioning method;
Responsible conditioner;
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Storage/disposal category (e.g. interim storage or storage for decay);
Number of sources conditioned.

Copies of all information previously collected on the individual sources which are conditioned
should also go into the information file. All information should be retrievable, even after many years,
and at least until the package is disposed of.

When conditioned waste packages are transferred to interim storage or final disposal they must
be accompanied by the corresponding files. Duplication of files for keeping at different locations may
need to be considered to ensure that information is not lost. However, normally only fully completed
files that will not be updated should be so duplicated. Duplication of files that are operationally
updated from time to time require carefully designed and adhered to routines to assure that files are
identical.

For documentation and in order to learn as much as possible of the work done, a report should
be written on the operation. In the report there should in addition to a description of the process also
be noted all problems which occurred during the work and all improvements to be done. The report
should be added to documentation of the conditioning operation.

12.1.7. Interim storage of conditioned spent sealed sources

After the waste has been immobilized, the waste packages are normally placed in an interim
storage facility for a period of months up to many years. The main reason for interim storage of the
wastes is usually because a repository site is not immediately available. Also, interim storage can be
used to take advantage of the activity decay with time, thereby facilitating later handling, transport and
disposal of the wastes. Until repositories are available, the national interim storage facility for
conditioned waste can be developed in several different ways.

A simple way especially for Member States not operating a complete nuclear fuel cycle, is the
application of a large transportable container normally used as a shipping container (Figure 12.16).

The container could be set up at a suitable place, i.e. at a centralized collection site, in a small
Nuclear Research Center, or in another area under appropriate government control. Depending on the
size, between 40 and 70 drums could be stored within a container serving as a barrier against
unauthorized contact with the waste. Later on when a repository is available, the container, including
waste drums, can be transported directly without additional reloading steps.

Naturally these containers can also be used for temporary storage of waste contaminated with
short-lived radioisotopes for decay or untreated waste waiting for further treatment.

Another solution for interim storage of unconditioned and conditioned waste, especially for
Member States having a small Nuclear Research Center, is the erection of a simple hall on the ground
surface with a steel construction and corrugated transit sheets covering the walls and the room (Figure
12.17). The storage hall should be built above ground water level and not be reached by a potential
flood or ground water. Where this is not possible, the building must be constructed with appropriate
protective systems to prevent the in-leakage of ground water.

For both approaches the capacity for the waste storage facility should be designed for a period
of 10 years. The possibility of capacity extension should be provided for in the design of the facility.

During interim storage surveillance and inspections are necessary. Surveillance is required to
verify continued adequacy of measures taken to protect against intrusion and possible theft, to detect
intrusion and to identify needs for maintenance or repair. Inspection of the conditioned waste packages
needs to be undertaken to monitor package integrity, legibility of package identification marks and to
check the overall conditions of the storage facility.
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FIG. 12.16. Shipping container for interim storage.

FIG. 12.17. Hall for interim storage of conditioned sources.
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Inspections and surveillance are essential in order to timely detect and counter any
deterioration or damage caused, for example, by adverse weather conditions. Inspections should also
include the waste package files and conditions of their storage. These measures are necessary to
provide confidence that waste packages remain intact and their contents fully identifiable at the time
of final disposal, which may take place ten or more years after placing them in interim storage.

122 MANAGEMENT OF RADIOACTIVE WASTES GENERATED FROM THE APPLICATION OF RADIOISOTOPES IN MEDICINE,

INDUSTRY AND RESEARCH

12.2.1. Introduction

The management of radioactive wastes is one area of increasing interest especially in
developing countries having more and more activities in the application of radioisotopes in medicine,
research and industry. The intention of the IAEA is to give high priority to technical assistance in the
implementation of a waste management system in its Member States.

The IAEA is now composed of 113 Member States. Around 23% of these Member States
have nuclear power plants and only 6% have a complete nuclear fuel cycle programme.

If the Member States which have sent participants to this Training Course are considered, it
can be noted that three of these States have one or more nuclear power plants in operation. Thus the
IAEA's waste management programme must be developed and implemented within the framework of
a balanced approach that meets the different needs of all of the Member States. To obtain a clearer
understanding of this, Member States are unofficially classified into one of five categories or groups:

Group A Member States which utilize radioisotopes at a few hospital locations with the waste
containing only short lived radioisotopes. Only one institute utilizes long lived
radioisotopes.

Group B Member States which have multi-use of radioisotopes in hospitals and other
institutional areas and need a central collection and processing system.

Group C Member States which have multi-use of radioisotopes and a nuclear research centre
which is capable of indigenous production of several radioisotopes.

Group D Member States with the features of Group C but, in addition, are constructing and/or
operating nuclear power plants.

Group E Member States that are involved in most or all of the steps of the nuclear fuel cycle.

This classification provides a systematic approach within the IAEA as to the type and scope
of activities within the waste management programme that fits into the particular needs of a Member
State.

Recognizing the needs of most of the Member States that are participating in this training
course, this paper will concentrate on the type of technical assistance and expert services and advice
offered by the IAEA to Group A, B and C countries with regard to the safe and effective management
of low and intermediate level radioactive waste.

Table 12.3 provides a description of the waste management activities that would normally be
undertaken by a Member State that is classified into one of these groups. A certain logic for the
grouping of countries into a particular category can be seen in terms of the type and activity level of
the radioactive waste generated and the source of the waste.
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TABLE 12.3. MANAGEMENT OF RADIOACTIVE WASTES DEPENDING ON NUCLEAR ENERGY APPLICATIONS

Category

Waste sources

Waste composition

Radioisotopes contest in
waste

Waste activity level

Liquid effluences Ci/m3

Solid waste Rft

Group A

Few hospitals,
university, industry

Paper, plastics, scrap vials,
sealed sources, carcasses,
liquids, effluents

Short-lived and long-lived
radioisotopes

10"6 - 103

<0,2

Group B

- •

- >

Several institutions from the
whole country

-»
->
—>
- >

—>
—>
- >

—»

Group C

—>
->
Nuclear research center
Research reactor (mining,
milling)

->
-»
->
—>
Ion exchange resins, sludge,
spent fuel elements, filters

—>
—>
—»
Fission and corrison
products, uranium and
daughter products

->
103 - 10 '

—»
> 0,2 - > 2

Group D

—»
->
->
—>
Nuclear power plant(s)
(mining, milling)

->
—>
- >

Nuclear power
Reactor waste

->
->
—»
->
->
->
Actinides

—>
—>
10' - 104

-»

> 2 - 104

Group E

—y

—*

—>

Fuel fabrication
enrichment, reprocessing

—>

—>
->
->

—>

Fuel fabrication-enrich-
ment-reprocessing waste

—>
—>
->
—>
— •

—>

—>

All radioisotopes and
actinides

—>

—>

> 104

->
—>
->
> 104



Category

Waste management

Liquid

Solid

Storage

Group A

Unshielded facility

Segregation, collection,
interim storage, discharge

Segregation, collection,
compaction, interim storage,
conditioning

Interim storage of
conditioned waste

Group B

—>

- >

—•

Centralized collection,
transport

—>

—>
Centralized collection
transport

->

Group C

—>
Partly shielded facilities

->
—>
->
—>
->•
Precipitation, commentation
or other treatment methods

->
->
->
—>
->
Treatment, commentation,
decontamination

->
-»
Repository

Group D

—»•
Shielded facilities

—>

—>
->
—•

—>

—>

Evaporation, commentation,
bitumination, other methods

—•

- >

— >

— >

- >

Incineration,
decommissioning

—>
—•

- >

Group E

->
->
—>
Partly strong shielded
facilities, alpha-tight

—•

- >

- >

—>

- >

—>

- >

—>

- >

—>

- >

- >

- >

- >

—>

—>

—>

- >

- > •

- >



12.2.2. The application of radionuclides

The application of radioactive materials in medical diagnosis, treatment and research is
extremely important. In many instances alternative methods are not available. The actual
administration of radioactive materials to persons is normally covered by specific regulatory control.
General principles of radiation protection in the application of radionuclides in medicine are dealt
within the Manual of Radiation Protection in Hospital and General Practice from the World Health
Organization (WHO).

Users of radioactive materials in scientific research laboratories, universities and other
establishments are most commonly involved in monitoring the metabolic or environmental pathways
associated with a large range of compounds as diverse as drugs, pesticides, fertilizers and minerals.

Some industrial processes incorporate radioactive materials into the product. Apart from
radiopharmaceuticals, the number of premises involved in the manufacture of products such as sealed
radioactive sources, luminous devices and specialized electronic valves is small. Certain industrial
premises use particular forms of radioactive material for scientific measurements, non-destructive
testing, quality control, the evaluation of plant performance, and development and evaluation of their
products and processes.

The range of applications of radionuclides in medicine, scientific research establishments,
universities and industries is continually expanding. Tables 12.4 and Table 12.5 list those
radionuclides commonly employed together with their half-life and give application in the above
mentioned establishment. The tables can only refer to the principal radionuclides and their
applications.

12.2.3. The volumes and types of untreated radioactive wastes generated in developing countries
belonging to groups A, B and C

All operations with radioactive materials will result in the production of marginally, in most
cases with short-lived radionuclides contaminated solid and liquid wastes.

The volume of radioactive waste produced by individual users of radioactive materials is not
likely to be large. The specific activity of waste generated will depend upon the experimental
objectives, equipment available, the form in which the radioactive materials can be purchased, and the
degree to which the individual user has been trained in the techniques of application and measurement.

Wastes containing long lived radionuclides, including transuranic nuclides, are not produced
within the vast majority of laboratories engaged in medical and scientific research. However, if such
radionuclides are present, the regulatory authority will no doubt insist on strict limits.

All countries have some form of national regulatory control over the use of radioactive
materials and the subsequent management of the generated radioactive waste.

Table 12.6 shows a detailed display of the untreated liquid effluents and untreated solid wastes,
that are expected annually from the Member States in either groups A, B or C.

The volumes and activities are averages and based on realistic data obtained from different
developing countries on the same technical level. The volumes are split into five categories: three for
liquid wastes, and two for solid wastes.

Most of the liquid effluents are directed for decay, dilution and subsequent discharge. All
these effluents are generated in the different establishments during handling and manipulation with
short lived radionuclides. They fall in the first category. Most of the short lived radioisotopes contain
in the effluents are listed in Table 12.4. A smaller part of the liquid effluents is in category two.
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These effluents are contaminated mostly with long lived radioisotopes or uranium and thorium with
their daughters. They are generated from uranium and thorium processing in laboratory and pilot plant
experiments.

Effluents containing Te-isotopes with a relatively longer half life are generated from
processing of irradiated TeO2 largely for iodine production too. Other sources for liquid effluents
containing long lived radioisotopes could be sump water and decontamination effluents that are
generated in research reactor buildings. These effluents can be normally contaminated by fission and
corrosion products. Special attention should be given to very small volumes of liquid effluents from
category three containing higher specific activity concentration of longer lived radionuclides like
fission products resulting from smaller laboratory experiments and solutions containing 14C and tritium.

Besides the just described aqueous waste solution a relatively small volume of liquid organic
waste solution is generated at some places. Three types of liquid organic waste should be
distinguished:

Contaminated oil containing very small quantities of beta/gamma emitting radionuclides.

TABLE 12.4. PRINCIPAL RADIONUCLIDES USED IN MEDICINE, BIOLOGICAL RESEARCH AND OTHER
ESTABLISHMENTS.

Radionuclide

3H

M C

32p

35S

51Cr

5 9Fe

7 5Se

90y

"Tcm

' "In

• 2 5 ,

m I

U nat

Th nat.

Half-life

12,3 a

5930 a

14,3 d

87,4 d

27,7 d

44,6 d

119,8 d

64 h

6 h

2,8 d

60 d

8 d

154 d

--

Principal application

Clinical measurements
Biological research
luminous articles

Biological research
Labelling

Clinical therapy
Biological research

Clinical measurements
Biological research

Clinical measurements
Biological research

Clinical measurements
Biological research

Clinical measurements

Clinical measurements
Biological research

Clinical measurements

Clinical measurements
Biological research

Clinical measurements
Biological research

Clinical measurements

Waste product from 131I
production

Investigation on mining
and milling

Investigation on extraction
behaviour

Range of activity

-0 ,1 mCi
~ 1 Ci

~ 10 mCi
-0,5 mCi

~ 5 mCi
~1 mCi

~ 0,1 mCi

-0 ,1 mCi
- 5 iiCi

~ 1 mCi

- 1 mCi

- 50 (*Ci

~ 10 mCi

-10 mCi

~ 10 mCi

- 10-100 mCi

1-10 Ci

-
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TABLE 12.5. APPLICATION OF RADIONUCLIDES AS SEALED SOURCES IN INDUSTRY, MEDICINE AND
OTHER ESTABLISHMENTS.

Radionuclide

'"Co

137Cs

,92jr

2 2 6Ra

32p

8 5Kr

^Sr

2 1 0Po

2 1 4Sb

2 2 6Ra

2 2 7Ac

239pu

24lAm

Half-life

5,3 a

30 a

74 d

1 600 a

14 d

10,8 a

28,5 a

138 d

1 600 a

22 a

24 000 a

433 a

Category of source

Gamma

Beta

Neutron in combination
with Be

Ionization

Application

Industrial, radiotherapy,
clinical therapy, sterilization

Foil thickness measurements

Activation and other studies

Foil thickness measurements
Smoke detectors

TBP, diluted usually with a high saturated hydrocarbon as extraction solvent. This waste
usually contains uranium, thorium and their daughter products.

Scintillation liquids, e.g. toluene, p-xylene, dioxane, are used mostly for measuring 3H, 14C or
other radioisotopes.

The total volume of all organic wastes is in the range of 50 to 100 I/a depending on the
classification used by the Member State.

A similar classification is given on solid wastes. Solid waste originate at the discussed
establishments includes a manifold spectrum of objects. The contamination level is very low and the
half life of the radio-nuclides shows a similar spectrum as the liquid effluents.

A completely different type of solid waste represents an encapsulated quantities of certain
radionuclides housed in shielded assemblies which are extensively used for various applications in
hospitals, industries and research institutions.

The individual radionuclide is present in a very concentrated form, the total amount of activity
being dependent upon the application and the nature of emission from the sources. The most used
sealed sources are listed in Table 12.5.

Other so-called 'problem wastes' are radium needles applied in former times in hospitals and
biological material from studies of metabolicpathway, using animals. The animals may be sacrificed
at various stages of the work, resulting in radioactive excrement, carcasses and bedding.

Countries operating a small research reactor for radioisotope production are obliged
automatically with the generation of spent ion exchange resins. Although the generated volumes are
relatively small handling and conditioning of spent resins cause some problems due to higher activity
level.
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TABLE 12.6. ANNUALLY ESTIMATED UNTREATED RADIOACTIVE WASTE VOLUMES AND ACTIVITIES GENERATED IN COUNTRIES BELONGING TO
GROUPS A, B AND C.

Waste volume

Categories

Group A

Group B

Group C

Liquid effluents for:

Decay, dilution discharge Treatment Direct conditioning

m3/a Ci/a nrVa Ci/a m3/a Ci/a

5-10

10-50

100-400

1

5

10-50

-

1-5

50-100

-

0,1

5-10

-

0,1

0,5

-

0,01

0,1

Solid wastes for:

Treatment Direct conditioning

m'/a Ci/a m'/a Ci/a

10-20

50

50-100

0,5

1

1-2

1-5

5

10

103

2x lO 3

5x 103

to
o



A summary of the principal types of radioactive wastes generated in countries belonging to
groups A, B and C is shown in Table 12.6.

12.2.4. Management of radioactive waste in countries belonging to groups A, B and C

12.2.4.1. Member States belonging to Group A

The actual nuclear programme of Member States belonging to group A is centered on the use
of radioisotopes for medical and industrial purposes. Some research and development activities are
also carried out in some institutions, like universities, etc.

All Member States belonging to Group A import all radioisotopes being used in the country
from States which are producing these radioisotopes on a large scale.

TABLE 12.7. THE PRINCIPAL TYPES OF RADIOACTIVE WASTE GENERATED IN DEVELOPING COUNTRIES

Waste forms

Liquids: aqueous

Liquids: organic

Solids: compactible, combustible

Non-compactible, noncombustible

Waste composition

laboratories
hot cells (isotope production)
fuel storage pool (research reactor)
decontamination campaign
sumps
rinsing water
mining and milling (laboratory and pilot plant scale)
extraction experiments with uranium and thorium

oil from pumps, etc.
scintillation liquids
extraction solvent (TBP/kerosene, Amine, etc.)

tissues
swabs
paper
cardboard
plastics (PVC, PE, etc.)
rubber
gloves
protective clothes
filters

ion exchange resins (research reactor)

carcasses
excreta

glassware
metallic
scrap
brick work
sealed sources
radium needles

The control of the use of radioisotopes is normally exercised by the regulatory and inspection
authorities that decide national policy and set criteria for the handling, treatment and disposal of
wastes. Handling, treatment and disposal should be performed by the waste generators at the place
of origin as a central collection system usually cannot be justified.

The main sources of radioactive wastes are mainly from a few hospital locations that use
short-lived radioisotopes for nuclear medicine purposes.
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Liquid waste mostly contaminated from short-lived isotopes with low specific activities should
be collected in plastic bottles and stored for a sufficient time for decay. After the effluents can be
discharged to the local sewers when the final activity level of the liquid permits such discharge.

Solid waste, also contaminated from short-lived radioisotopes should be segregated from
inactive trash at an early stage so that the volume of active wastes will be comparatively small.
Otherwise an excessively large interim storage facility would be the consequence. A segregation of
contaminated compactible/combustible and incompressible waste is still not required. Suitable
containers for collection of radioactive and non-radioactive wastes must be available. They should
be marked with the radiation symbol to distinguish from bins foreseen for storage of inactive waste.

Similar to liquid wastes, solid wastes can be stored until the activity decays to such a level
that they can be considered inactive as per the local regulations and dumped with the approval of the
licensing authority along with municipal refuse. In places where a well-organized municipal refuse
collection system does not exist, the site co-ordinator may need to seek the advice of the licensing
authority.

Each user of radioisotopes should be provided an interim storage for decay of the untreated
liquid and solid wastes. This can be a small room i.e. in a hospital which is especially designated for
this purpose.

Exempted from the above described management of solid wastes are all types of sealed
sources.

Sealed sources are rejected by the users when they have decayed to the extent that they are
no longer useful for their original purpose, or because the appliance in which they are housed has
become outdated, or because routine tests have indicated the source to be leaking. No attempt should
be made to dispose of such sources locally. Users are advised to include the ultimate disposal of
sources in the original purchasing contract. In any event, they must be returned to a supplier or
nuclear waste agency for further treatment or disposal.

12.2.4.2. Member States belonging to Group B

Member States belonging to group B which have multi-use of short and long lived
radioisotopes at different locations in the country should consider utilizing a centralized waste
management collection and processing system. The Member States' government may consider it
necessary to provide for a national institution or, license a private organization for managing the
radioactive wastes.

All kinds of liquid and solid waste contaminated with significant quantities of long-lived
radionuclides should be transported to a central place of the country where receiving, treatment and
conditioning are performed. The quantities of liquid wastes containing long lived isotopes such as
tritium, carbon-14, etc., are relatively low and sometimes only a few liters.

Some regulatory authorities may have particular rules about the disposal of even small
quantities of carbon-14 and tritium due to their significant half-lives. However, wastes at the levels
in use in research laboratories can often be effectively dispersed through conventional waste disposal
routes, as any subsequent reconcentration of these radionuclides in any exposure pathway is most
unlikely and the collective effective dose equivalent resulting from minor discharges is likely to be
regarded by regulatory authorities as insignificant.

The radioactive materials co-ordinator must examine the extent to which the direct discharge
of low level liquid wastes is in accordance with local or national regulations. If regulatory authorities
do not allow the discharge of the effluents containing I4C and tritium, it is recommended to solidify
these effluents in small quantities directly with cement at the place of origin and packing in drums.
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After pour over cement grout the drums can be stored at an interim storage place until a final
repository is available.

All solid wastes contaminated with long lived radioisotopes should be reduced in volume using
a very simple waste compactor.

The compactor is an electronically controlled vacuum packing machine that has been designed
to pack and seal dangerous waste as well as other materials under the use of high vacuum in
connection with an welding device into special bags of approx. 25 liters contents. The grade of
compaction will differ with the solidity of the filling material. The evacuated and sealed bags will
allow the handling of the filled materials free of contamination. The vacuum pump is equipped with
an exhaust filter . The vacuum compactor just described is recommendable especially for generators
of small volumes and should be set up at the place of waste origin.

Sealed sources coming from industries, etc. are encapsulated and stored in a shielded container
made of lead or iron.

There are two alternative solutions for disposal:

Dispose of the lead transport container and isotope sources directly by encapsulating in a
cement matrix within a drum; or
Remove isotope source from lead transport pot inside a small lead cell, and encapsulate the
source in a cement matrix within a concrete container.

From the point of view of number of handling operations involved and therefore the resultant
exposure of personnel to radiation, disposal of lead pot together with the source is preferred.

For encapsulation of sealed sources a drum should be filled approximately half with concrete.
After setting, some sealed sources including containers are placed on the surface of the concrete and
finally covered with concrete up to the top of the drum. For packaging a subsequent disposal of
sealed sources, prefabricated concrete containers also can be used. A similar procedure can be used
for the encapsulation of radium needles. The radium needles are packaged inside tin cans together
with activated carbon. After sealing, the tin can is finally immobilized in the same way as the sealed
sources.

12.2.4.3. Member States belonging to Group C

Member States which have already established Nuclear Research Centres with indigenous
production of radioisotopes for medical and research purposes need the implementation of a national
waste management programme. A national waste management programme should consist of, but not
be limited to, the following most important elements:

identification of waste by the generator,
segregation and collection,
interim storage of the waste at the generator's site,
treatment (volume reduction systems) and conditioning (immobilizing) of the waste as
appropriate at a centralized site,
interim storage of conditioned wastes,
disposal of waste in a repository.

As already mentioned, administrative measures fix the rules for the very first steps of the waste
management, i.e. segregation, collection and packaging for transport to buffer storage areas or directly
to the treatment/conditioning facilities. Emphasis must be placed on an as informative-as-possible
description of the waste.

332



In Nuclear Research Centres, the types of waste, the activity level and the volume, are a little
different from Group A or B.

In order to facilitate their subsequent handling, treatment and storage, it is strongly
recommended to segregate wastes at the place of origin. It is essential to segregate inactive material
from active wastes, so that the volume of active waste will be comparatively small. Besides the
difference in the state of aggregation, the wastes should be segregated according to waste contaminated
with short lived radioisotopes and waste contaminated with long lived radioisotopes.

12.2.5. Management of liquid wastes

From the point of view of treatment and disposal of liquid wastes, it is necessary that the
licensing authority fix a limit on the activity level of the liquid for a particular location and facility,
below which it can be considered as acceptable for disposal to sewers and drains. This limit will
depend upon the nature of the sewer system, local regulations and the kind of work being done. Once
this limit is fixed the volume of liquid radioactive waste which has to be handled may be reduced
considerably

In evaluating the impact of direct disposal, the radioactive-materials co-ordinator must identify
the possible exposure routes for employees such as sewage workers, as well as the degree to which
the element or compound is likely to be reconcentrated or dispersed in the immediate environment and
the consequent exposure of individuals or groups. Individual users should keep the radioactive content
of liquid wastes generated in the laboratories to the minimum.

To avoid problems in subsequent treatment liquids should be segregated into aqueous and
non-aqueous categories.

12.2.5.1. Liquid-waste collection

For small volumes of liquid waste which are unsuitable for disposal into the sanitary system
or the active drain system because of activity level or half-life, plastic containers from different
volume contents or size can be used.

Glass bottles may also be used where organic solvents are present, which would attack the
plastic, but the general use of glass is not recommended.

If the volume of low activity waste is too large to be conveniently handled by means of small
containers, a retention tank system may be employed. The volume of these tanks will be dictated by
the waste-generation rate, time required for analysis, and the rate at which the tank may be emptied,
either to the sanitary drain system if permissible, or to treatment facilities if required.

In some circumstances, where only short lived radionuclides are involved, decay time may be
a factor in sizing. Two tanks should always be provided. When one tank is full, flow is diverted to
the other, while the contents of the first are sampled and monitored for radioactivity level. It is also
advisable to interconnect the tanks so that any overflow from one automatically spills over into the
second. Materials of construction may be carbon, stainless steel or plastics, depending on the chemical
characteristics of the waste. The use of mild steel tanks lined with plastic or chemically resistant
coatings has been shown to be very practical. At this point it should be pointed out that all radioactive
wastes, liquid and solid, must be characterized very accurately, particularly if the waste is to be held
for decay storage, or if it is to be processed and disposed of by someone other than the individual
waste generator.
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12.2.5.2. Treatment of liquid effluents

As indicated earlier all liquid wastes containing radionuclides with short half-lives should be
stored for a sufficient time. This will enable their discharge to the local sewers when the final activity
level of the liquid permits such discharge.

Chemical treatment of liquid effluents containing long-lived radioisotopes is the mostly
favoured method for the treatment of liquid effluents from research establishment or small Nuclear
Research Centre. This treatment method for liquid effluents is recommended especially for Member
States belonging to Group C.

Most of the chemical treatment methods involved in radioactive waste treatment are
adaptations of standard water treatment practice and have been extensively used for processing large
volumes of slightly contaminated wastes using equipment designed for continuous operation.

It is feasible to utilize batch chemical treatment where the volumes involved are small and
where the nature of the wastes points to chemical treatment as the best method. It is suitable for
application where the required reduction of activity in waste is small. Generally, not more than 90%
removal of activity is achieved when a mixture of radionuclides is present in a liquid. If it is possible
to select and optimize the process for a single radioactive species, however, much better results may
be achieved.

Chemical precipitation methods based on the coagulation flocculation-separation principle are
mostly used for the treatment of liquid effluents.

Commonly used coagulants are aluminium and iron salts, lime and soda ash, etc. For removal
of specific isotopes, special methods are available, for example copper or nickel ferrocyanide is found
to remove almost all the caesium activity from liquid wastes.

More detailed description of several precipitation processes for the treatment of liquid effluents
is also given in a separate lecture in this training course.

The principal advantages of chemical treatment are:

the relatively low cost,
the ability to handle a large variety of radionuclides as well as non-radioactive salts in solution
and solid matter in suspension,
the treatment procedures are based on well-proven, conventional plant and equipment,
at least in batch processes it is relatively easy to change the chemical precipitants in order to
accommodate changes in the composition of the liquid feed,
big liquid flows can be handled economically,
the process allows the separation of activity from inactive solutes which may have a larger
bulk.

12.2.6. Management of radioactive wastes generated from the application of radioisotopes in
medicine, industry and research

The precipitation process produces a sludge as a result of the reactions taking place during
chemical treatment steps. Chemical treatment have always to be connected with physical methods for
separation of sludges and liquids. Various possibilities are conceivable e.g. sedimentation and
decantation filtration or centrifugation. Which of these techniques should be applied depend on the
volumes to be treated, on the quality of the precipitates on technical feasibility and of course with the
availability of funds. To give an example Nuclear Research Centres generating liquid effluents in the
range of up to 100m3/year, simple sedimentation and decantation technique should be the suitable
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process for separation of sludges and liquids. On the other hand, the procurement of a filtration unit
after a series of bad experience with sedimentation should be not a big problem. Normally filtration
equipments, for this purpose are not so expensive. It should be pointed out at this place that a
considerable amount of laboratory work is required to determine optimum precipitation and separation
conditions. The results of these experiments should also give the answer if a filtration equipment is
necessary and justified or not.

Fig. 12.18 shows a simplified flow sheet of a precipitation plant. Depending upon the
annually radioactive effluents volume generated in the Centre and other sources, the capacity of the
plant can be designed to handle the liquid waste loads expected to be generated. Shielding of the
precipitation plant is not required due to the relatively low activity level of the effluents to be
processed.

DOSING UNITS FOR CHEMICALS

TANK FOR DECONTAMINATED

EFFLUENTS

PRECIPITATION TANK

N V E N T PIPE

INPUT TANK

FIG. 12.18. Small precipitation plant under construction in Peru.
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After decantation or filtration the clear solution will enable their discharge to the local sewers
when the final activity level of the liquid permits such discharge.

Sludge resulted from precipitation have to be conditioned for transport, storage and disposal.
Different methods for immobilizing sludges and other radioactive concentrates are known.

Cementation and bituminization are the two methods that have been extensively used
throughout the world for many years. Due to relatively small volumes of sludges generated in a small
nuclear research centre, cementation is the sole recommendable solidification process.

The cementation process for nuclear waste immobilization has been commonly used on an
industrial scale for several years in different countries.

The in-drum mixing cementation concept is recommended since this process is very easy to
maintain. In this process, cement and sludge are fed separately into a container which is also the final
shipping and storage container. The components are mixed until homogeneous mixture is obtained.
After mixing the cement composite is allowed to set. The container is then monitored and quality
control checks are made in the package before it is removed for storage. The investment cost for an
in-drum mixer is relatively less. The mixer can also be used for some other waste streams such as
concentrates, ion exchange resins, liquids, etc.

12.2.7. The Management of Small Volumes of Organic Liquid Wastes

The operation of a nuclear research centre generates also a variety of small volumes of low
level liquid organic radioactive waste as already mentioned. Several processes are developed for
treatment and conditioning of organic liquid wastes.

For small volumes (50-100 1 annually) only one method, namely absorption, can be recom-
mended.

The treatment of organic liquid radioactive wastes with absorbents provides a simple way of
converting the liquid to a solid form. As long as there is a moderate excess of absorbent there is no
need even for mixing; the waste liquid can be added to the absorbent in a suitable container and
eventually all the liquid will be taken up. Many absorbents are available varying from very simple
materials such as sawdust to complex alkyl styrene polymers.

The following six main categories of absorbent appear to be commonly used:

natural fibre (sawdust, cotton);
synthetic fibre (polypropylene);
vermiculite (mica);
clays;
diatomaceous earth;
imbiber beads (alkyl styrene polymer).

The use of absorbents to solidify organic liquid wastes produces a wasteform which varies
from loose dry particles to a jelly like solid. The wasteforms have no compressive strength and are
only restrained from dispersing by the container.

As shown in Table 12.8, the absorption efficiency of the various products can vary by about
a factor of 2 to 3 and the volume increase resulting from the use of absorbents could be up to almost
300%.

The suitability of absorbents alone as solidifiers for organic liquid wastes is moderate; their
efficiency is adversely affected by the presence of water or other ionic contaminants.
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The use of absorbents is probably the simplest process that can be adopted to convert liquids
to a solid form and is practiced extensively in many areas.

TABLE 12.8. PERFORMANCE OF ABSORBENTS FOR ORGANIC LIQUIDS

Product

Natural fibre

Synthetic fibre

Clay

Diatomaceous earth

Vermiculite

Imbiber beads

Absorbency
L waste/L sorbent

(L = litre)

0.90

0.80

0.60

0.65

0.35

4.00

Organic by volume (%)

47

44

33

40

26

80

Volume increase (%)

111

125

167

154

286

25

12.2.7.1. Cementation

Cement alone is not very effective for the solidification of organic liquid wastes.
Typically, only about 12% oil by volume can be incorporated into cement and still have a wasteform
that is dry and has reasonable compressive strength. However, the use of suitable wetting agents
allows significant increases in waste loadings to be obtained. Mixtures of cement and emulsifying
agents give enhanced solidification of organic liquid wastes particularly if the waste is multi-phased,
i.e. oil/water/solvent.

Several processes are developed on the basis of emulsifier and cement. They yield solid
wasteforms with organic liquid radioactive waste loadings of between 30-50% by volume. At this
loading, the wasteforms have relatively high compressive strengths and the waste loading could be
increased if lower compression strengths are acceptable.

12.2.7.2. Absorption and subsequent cementation

In this approach instead of emulsifying the organic liquid waste it is fixed with an absorbent
to produce a dry solid which may then be incorporated into cement. Wasteforms produced in this way
could contain up to 56% organic waste by volume. The usual procedure is to saturate the absorbent
with the organic liquid then mix this with cement and sufficient water to hydrate the cement. If the
organic waste already contains water it may not be necessary to add further water, however if the
water content is not enough to adequately hydrate the cement the resultant wasteform will have poor
compressive strength.

Cement solidification of radioactive organic liquids whether using emulsifiers or absorbents
is a process which has been developed to the commercial stage. The technique may be adapted to
either batch or continuous processing and equipment requirements for low-level wastes can be
restricted to fairly simple mixing apparatus.

The three conditioning methods previously described can be applied especially for
contaminated oils and lubricants further for TBP containing solvents and other extraction agents.
Depending on the composition of the organic liquids, individual or mixed, immobilization should not
be started till laboratory experiments have found out the best immobilization conditions. Some recipes
can be found in the literature [12.1-12.4].
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12.2.7.3. Natural evaporation

A very simple method for disposal organic liquids is natural evaporation. Especially
scintillation liquids and other organic liquid compounds with low boiling points can be easily reduced
in volume by standing in the atmosphere. This method needs some precautionary measures and
permanent control. The residues can be immobilized by methods previously described.

12.2.8. Management of solid wastes

12.2.8.1. Collection of solid wastes

In order to facilitate their subsequent handling, treatment and disposal, it is strongly
recommended to segregate solid wastes at the point of origin. The best method would be to categorize
materials into two groups, i.e. (1) compressible and combustible, and (2) non-compressible and
non-combustible. It is essential to segregate inactive trash from active wastes, so that the volume and
weight of active wastes handled will be comparatively small. Most of the wastes produced in the
laboratories of individual isotope users fall into the first category. Whenever solid wastes containing
radionuclides of half-life one year or more are produced, they should be stored separately for
treatment.

Refuse cans with foot-operated lids are particularly useful for radioisotope laboratories. They
should be lined inside with heavy-gauge plastic bags, which can be sealed and taken out when full.
Such containers may be used for collection of combustible-compressible wastes.

For non-combustible, non-compressible waste such as broken glassware, metal pieces, etc.,
which require a stronger container, cans made from paste board may be used advantageously.

Plastic bags and cans, when taken out of the laboratory, should be loaded in stabile 200 1
drums and transported to the interim storage for decay or to the treatment plant.

12.2.8.2. Treatment of combustible and compressible waste

Several methods are available for the treatment of radioactive solid wastes. Procedures depend
upon the type of material, activity level, half-life of the radionuclide contained in it, the radiotoxicity,
and the maximum permissible concentration of activity release fixed by local authorities.

As already mentioned before most of the radioactive solid waste contains small amounts of
short lived radionuclides. After activity decay the waste can be handled as inactive waste. A smaller
part of radioactive solid waste generated in a nuclear research centre is contaminated by long lived
radioisotopes.

As shown in Table 12.6, the generated volumes are in the range of 50, maybe 100 m3/a. More
than 90% of this waste is combustible or compressible. In this case it is worth while to use a
compaction process. Volume reduction of solid wastes by compaction aims essentially at an increase
in the overall density of the waste material. This mechanical volume reduction method is widely used
in waste treatment.

Commercially available presses and compacting devices are frequently used in radioactive
waste treatment after appropriate adaption to the specific task.

Low pressure compaction techniques, applying forces up to about 100 t are mainly utilized
in such cases. A typical application of the low pressure compaction technique is the simple
compression of bags of trash into a 200 liter drum or another suitable package. Implicit in the design
of such a device is the requirement that adequate containment and off-gas treatment is provided to
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meet safety criteria. Volume reduction factors obtained depend largely on the waste material and the
pressure applied, but in general are between 3 and 10.

Some Member States belonging to Group C are considering incineration of combustible
wastes. Of course, incineration is an attractive process and in certain cases an advantageous means of
dealing with contaminated carcasses and other putrefied wastes.

Incineration has the highest volume reduction and converts the waste to a form which is well
suitable for the subsequent immobilization and disposal. On the other side incineration of radioactive
waste should be considered only after careful evaluation of all features.

Incinerators without special air cleaning or ash-handling devices have relatively low investment
cost, but the activity content of the waste incinerated must be restricted to levels which will not result
in exposure of the general population to concentration, exceeding those permitted under national
regulations. The use of incineration for combustible wastes containing larger quantities of
radioisotopes requires special off-gas cleaning and maintenance systems which are related with high
investment and operation costs.

In general, it is not considered advisable to recommend incineration of combustible radioactive
wastes as a method for treatment of this type of waste in Member States belonging to Groups A, B
and C. The main reasons are:

relatively low volumes of real contaminated waste generated;
high investment and operation costs;
the incinerator is not employed to full capacity.

To illustrate this it should be mentioned that an incinerator with a capacity of 40kg/h would
only be in operation for 30 days annually on the basis of an eight hour shift per day and a 50-100 m3

generation of radioactive waste per year. Incineration of combustible radioactive waste could be of
interest in combination with incineration of septic hospital or other toxic materials. To give an idea
about the essential funds of an incinerator based on a 40 kg/h capacity, it must be estimated that more
than US $300 000 are necessary only for equipments.

Not included in these funds are the construction of the building and the erection of the
incineration facility.

Recommendations for the management of radioactive solid waste in Member States belonging
to Groups A, B and C are:

reducing the generation of contaminated material;
strong segregation of active and inactive trash;
compaction of combustible and compressible waste with a simple baling press.

This way is quite realizable, needs low funds, but strong training of and discipline among the
staff.

12.2.8.3. Treatment of noncombustible and noncompressible waste

Non-combustible and non-compressible waste contaminated with long lived radioisotopes
should be immobilized directly without previous treatment. For this reason, the waste is filled into
the waste drum and poured over with cement grout (Figure 12.19). Examples for these types of waste
are sealed sources and radium needles. The immobilization procedure has already been reported in
detail in a previous chapter.
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,F7G. 12.19. Solid wastes immobilized in concrete.

Another so-called 'problem waste' in Member States are animal carcasses or other biological
material contaminated with radioisotopes. For collection, transport and temporary storage of all kinds
of biological material, packaging in plastic bags or foils and subsequent storage in a deep freezer is
recommended.

Materials contaminated with short lived radioisotopes can be buried after decay. One
possibility for disposal of biological material contaminated with long lived radioisotopes is treatment
with CaO and, after packaging in a drum, the material is poured over with cement grout. Another
alternative for managing this type of material prior to disposal is treatment with concentrated
formaldehyde for some time and subsequent embedding in cement grout. This system of collection,
transport and temporary storage of biological material needs several deep freezers.

12.2.8.4. The treatment of ion exchange resins

After their useful life, ion exchange resins have to be replaced. 'End of useful life' for bead
resins means that their regeneration ability is significantly reduced and if no regeneration is intended
that their exchange capacity is dramatically decreased. Spent ion exchange resins are generated mainly
during continuous clean-up of reactor coolant and spent fuel storage pools of research reactors. The
amount of spent resins generated in research reactors are around some hundred liters to 1 m3 annually.
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The main activity fixed on spent ion exchange resins used in research reactor is Na-24, Al. The
activity concentration is in the range of some hundreds mCi/m3. The spent resins have to be treated
to obtain a waste form which is acceptable for final disposal. After an appropriate time of storage for
the decay of short lived radioisotopes, the relatively small volume of spent resins should be
immobilized direct with cement or partially together with other concentrates like precipitation sludges.
The last method results in an improved product because the resin content in the cement product reach
only a few volume per cent.

The technique of immobilizing radioactive concentrates in cement by an in drum mixer has
already been described in a previous chapter.

12.2.8.5. The centralized treatment and conditioning facility

According to the most important methods used for the treatment of low level liquid and solid
wastes, a centralized treatment/conditioning facility in a small nuclear research centre should have
three essential processing units.
(1) a compactor for compressible solid waste.
(2) a precipitation plant for liquid effluents.
(3) a cementation unit for solidification of sludge and liquids.

For illustration purposes a generalized layout of such a plant is shown in Figure 12.20.

12.2.9. Packaging and interim storage of unconditioned and conditioned wastes in Member
States belonging to Groups A, B and C

When radioactive waste has been generated at different places in nuclear facilities, it must be
packaged and transported to an interim storage place to permit subsequent treatment and/or
conditioning. For short-term packaging and transportation of unprocessed wastes from the place of
origin to the interim storage place or to the treatment facilities, a series of containers, boxes, packaging
devices and special vehicles should be available in an integrated waste management system.

Steel drums can normally be used as shipping cask for collection and transportation to the
interim storage or direct to the treatment facilities. They should be covered with a coat of paint to
simplify decontamination and make the drum resistant against acid and alkaline attack.

Special arrangement must be made for contaminated bulky waste. To avoid contamination,
the bulky objects should be packaged in plastic foils. Exhaust air filters should be packed in plastic
foils individually and transported to the treatment plants or interim storage in special transport
containers.

For transportation of all kinds of packaged wastes, it is strongly recommended to have a
suitable fork lift truck. A small nuclear research centre should also consider having available specially
designed waste trailers that can be easily moved by the fork lift truck. The floors in nuclear
installations, treatment facilities and interim storage areas should be designed for a maximum loaded
fork lift truck.

When the waste has been treated and immobilized, it will be packaged in suitable containers
for subsequent of transportation, interim storage and disposal.

Various types of containers with different shapes, sizes, materials and construction are in use.
The inner volume ranges from some hundred liters to several cubic meters and the loaded weight of
the package from some hundreds of kilograms to tens of tons. The materials employed are usually
mild carbon steel and concrete with wall thickness from about one to hundreds of millimeters.
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At the moment three types of containers are in consideration for packaging of radioactive
conditioned wastes in Member States belonging to Groups A, B or C.

Conditioned waste with a dose rate on the surface of up to 200 mrem/h is normally packed
up in 200 1 drums or 400 1 drums.

If radiation doses range up to 2 rem/h, 200 I drums may be inserted into 400 1 drums and the
space between the drums filled with concrete thus creating a small shielded shipping container (Fig.
12.21).

A relatively small part of the waste produced in nuclear facilities, i.e. ion exchange resins from
cooling water purification, could generate external radiation doses on the surfaces of the drums around
2 and more rem/h after conditioning. These drums cannot be handled, stored or shipped without
shielding. For these cases special non-reusable concrete containers are recommended (Fig. 12.22).
The 200 1 metallic drums filled with conditioned wastes are inserted in these containers and covered
with concrete. When packaged in this way they are regarded as low level waste.

After the waste has been immobilized the waste packages are normally put in an interim
storage facility for period of days or sometimes for many years. The main reasons for having an
interim storage of the wastes are usually because a repository site is not immediately available. Also,
interim storage can be used to take advantage of the activity decay with time, thereby facilitating later
handling, transport and disposal of the wastes. Until repositories are available, the country's interim
storage facilities for conditioned waste can be developed in several different ways.

FIG. 12.21. Two steel drums with concrete lining between.
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12.22. Concrete container used for disposal of conditioned wastes.

A very simple way, especially for Member States belonging to Groups A and B, is the
application of large transportable containers normally used as shipping containers (Fig. 12.16). The
container could be set up at a suitable place, i.e. at a centralized collection site or in a small nuclear
research centre. Depending on the size of the container between 40 and 70 drums could be stored per
container. The container also serves as a barrier against unauthorized contact with the waste. Later
on, when a repository is placed into service, the container, including waste drums, can be transported
directly to the repository without additional reloading steps.

Naturally, these containers can also be used as a place for temporary storage of waste
contaminated with short lived radioisotopes for decay or untreated waste waiting for further treatment.

Another solution for interim storage of unconditioned and conditioned waste, especially for
Member States having a small nuclear research centre, is the erection of a simple hall on the ground
surface with a steel construction and corrugated transite sheets covering the walls and the roof (Figure
12.17). The storage hall should be built above groundwater level and not be reached by a potential
flood or groundwater. The capacity for the waste storage facility should be designed for a period of
10 years.

As can be seen from Table 12.9, approximately 15 to 30 m3 of conditioned wastes,
corresponding to 75 to 150 drums, will be generated per year in Member States belonging to Group
C. On the supposition that the generation of waste in a small nuclear research centre will be
approximately constant during 10 years, the estimated volumes of conditioned wastes after this period
are in the range of 150-300 m3, corresponding to 750 to 1500 (200 1) drums. Considering a total
number of 1500 (200 1) drums after 10 years, a storage area of nearly 200 m2 should be planned,
based on the assumption that drums are stacked 3 units high. Stacking 4 units high results to a smaller
area of nearly 150 m2. The possibility of capacity extension should be provided for in the design of
the facility.
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TABLE 12.9. ESTIMATED VOLUMES OF CONDITIONED RADIOACTIVE WASTES FOR DISPOSAL IN MEMBER STATES BELONGING TO GROUP C.

Raw wastes

Waste type nrVyear

Liquids for
treatment

Liquids for direct
conditioning

Organics (liquids)

Solids
(compactible)
(paper, plastics,
filters)

Solids
(uncompactible)
(trash, sealed
sources, radium
needles, etc.)

Carcasses

Ion exchange resins

Total

50-100

0,5

0,1-0,3

20-80

5-10

0,1-0,2

1

100-200

Treatment and
conditioning process

Precipitation,
decontamination,
cementation

Cementation

Absorption,
cementation

Compaction

Cementation

Cementation

Special packaging or
cementation

Supposed volume
red factor after

conditioning

-10

+2

+2

-5

1

+5

+2 to +5

Volumes of treated and conditioned wastes

Accumulation after 10 years

mVyear 200 1 drums/year m3 2001 drums

5-10

1

0,5

5-15

5-10

0,5-1

5

15-30

25-50

5

2

25-75

25-50

2-5

25

75-150

50-100

10

5

50-150

50-100

5-10

50

150-300

250-500

50

25

250-500

250-500

25-50

250

750-1 500



To prevent radiation exposure to on-site personnel, it is recommended to construct the interim
storage facility away from the waste treatment plants or other buildings. At the end of the interim
storage period the waste containers must be capable of being identified, retrieved and transported to
the final disposal site. The final disposal of conditioned wastes is not covered in this report as that
topic has to be considered under the special situation of the respective Member States.

By way of conclusion it can be summarized that the management of radioactive waste in
Member States belonging to Groups A, B and C which includes all steps as collection, treatment,
conditioning, packaging and interim storage should not be a problem and can be solved satisfactorily
based on technology which is simple and well demonstrated. The cost of the equipment should be
consistent with the economic and social structure of the Member State.

12.3. THE IAEA PROGRAMME OF TECHNICAL ASSISTANCE IN WASTE MANAGEMENT FOR DEVELOPING COUNTRIES

12.3.1. Introduction

Besides the wide range of activities in the field of the peaceful use of atomic energy the IAEA
has an active programme on the management of radioactive waste. The main objective of the IAEA's
waste management programme is to assist and co-operate with its Member States in achieving safe and
effective management of radioactive waste to provide adequate protection of man and his environment
from unnecessary and potentially hazardous releases of radioactive nuclides. The IAEA pursues a
wide range of activity in the field of radioactive waste management including:

Collection, review and dissemination of the latest technical information of all aspects of
radioactive waste management through publication of Technical Reports Series, Technical
Documents and proceedings of various international conferences, symposia and seminars;
The development of internationally acceptable recommendations, guidelines, standards and
fundamentals on the safe handling of radioactive wastes through publication of Safety Series
documents;
Fostering research work and development of data in areas of common interest to the Member
States; and
Provide technical assistance through advice, training courses, fellowship grants, study tours
and other means on specific information areas.

The IAEA's technical assistance activities in waste management are being carried out in an
integrated manner through activities of the Division of Nuclear Fuel Cycle and Waste Management,
technical assistance programmes, and the waste management advisory programme (WAMAP), an
interregional technical co-operation project.

The Department of Technical Co-operation's considerable work in waste management projects
involves identifying countries needing assistance, setting priorities, delineating a project's scope,
funding and ensuring that projects are implemented effectively.

The technical assistance programme of the IAEA has been growing consistently, at an average
rate of 18 per cent a year since 1969, due to the generous voluntary contributions of developed
countries. The demands for technical assistance, also in waste management field, have been increasing
steadily.

12.3.2. Technical assistance projects

Technical assistance projects to Member States offer the opportunity for providing expertise,
technology, individual training and equipment for specific waste management problems faced. The
objective of technical assistance projects is to offer the necessary support for countries to develop the
expertise for self-sufficiency in the safe management of radioactive wastes. Since 1976, there has been
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35 technical co-operation projects on radioactive waste management covering 22 countries. Currently
17 countries receive different types of technical assistance through 22 projects. In addition, there are
two regional projects providing assistance in waste management to some Eastern European countries
and Member States in the African region. The number of technical assistance projects requested by
Member States in the area of radioactive waste management is expected to increase in the near term
as the linkage between 'use of the atom' and the need to plan and manage the resulting radioactive
wastes that are generated becomes realized. It is expected that in the future a large share of technical
assistance funds will be earmarked to radioactive waste management and other nuclear safety activities.

Funds available for 1991 and 1992 around US $2.5 million are being given to countries in
most of the developing regions of the world. However, there are many other countries which may also
require assistance, in particular in the African region where there are important activities in mining
and milling of uranium ore.

While the IAEA offers Member States guidelines and recommendations on the various aspects
of radioactive waste management, its assistance could be further improved if it were evaluated, planned
and co-ordinated on an integrated basis in the most appropriate and optimal manner to achieve the
necessary safety goals economically. The information transfer currently taking place in the waste
management field with developing countries is due in no small measure to the present activities of the
IAEA. However, since the expertise available in these countries is limited and as many of the
solutions adopted are partial and temporary and not addressed to an integrated development of waste
management needs, considerable scope exists for further assistance to improve the situation. To
analyse and provide practical solutions for the integrated development of waste management schemes,
and to solve problems of low and intermediate level waste management and disposal, an
inter-disciplinary approach is needed, coupled with an understanding of radiation protection, nuclear
safety, siting and environmental science, waste processing, basic engineering, operational safety,
decontamination techniques, etc.

12.3.3. Training Opportunities

A number of scientists from developing countries have been trained in advanced countries in
radioactive waste management as part of the technical assistance projects. In addition, national,
regional, and interregional training courses are being held on the subject. Between 1976 and 1991,
there have been one national, five regional, and ten interregional training courses and one study tour
on radioactive waste management benefiting 320 participants from 70 countries. The last interregional
course on waste management (decontamination of nuclear facilities) was held in Saclay, France, in
summer 1991.

To meet the needs of developing countries for 'hands on' training in the practical aspects of
management of radioactive wastes, a regional training course programme has been established to be
implemented from 1991 to 1994. Three subject areas of most interest were selected for training,
namely: management of spent sealed sources, a systems approach in waste management and
management of waste from nuclear applications.

Training courses have been offered by the waste management section on an yearly basis
rotating among the different regions. The first three training courses were arranged for Africa, Asia
and Pacific and Europe and Middle East regions in 1991. In 1992, there are three training courses
scheduled to be held, the first one in Czechoslovakia, the second in Brazil and the third in Egypt.

12.3.4. Direct advisory services

The IAEA is in a continuing process of exploring ways to modify its waste management
programme to support the changing needs and requirements of its Member States. This process is in
itself a challenging undertaking due to the diverse nature of the waste management activities that are
planned or under way in Member States. Despite this diverse level of activity, one area that has
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become quite apparent to the IAEA is the need to offer direct type of advisory services to Member
States. For the past four years, the Waste Management Section has been involved in the development
of 'new initiatives' that offer meaningful direct services. In introducing new programmes a very
careful analysis must be performed to determine the costs/benefits of the proposed programme since
the IAEA is operating under a 'zero growth' budget environment. Under such an environment,
implementation of a new programme, by definition, means the shifting of resources away from other
programmes. New activities or initiatives are therefore carefully evaluated to determine if their
implementation will strengthen the overall programme considering that other activities will generally
have to be proportionally reduced by the resources commitment to the new activities.

Five new 'Direct Advisory Service' programmes were offered under the IAEA's Waste
Management Programme. These new activities are:

Waste Management Advisory Programme (WAMAP);
Waste Management Assessment and Technical Review Programme (WATRP);
Waste Processing and Storage Facility (WPSF);
Waste Management Data Base (WMDB);
Management of Spent Sealed Sources.

WAMAP, WPSF and management of spent sealed sources are particularly beneficial for
developing countries.

Waste Management Advisory Programme (WAMAP)

WAMAP is an advisory waste management programme developed to facilitate IAEA efforts
to provide direct assistance to developing Member States as they plan and implement national
radioactive waste management programmes. It is an Interregional Technical Co-operation project
funded by the Department of Technical Co-operation with technical management under the auspices
of the Waste Management Section, Division of Nuclear Fuel Cycle and Waste Management. It was
initiated to complement existing technical assistance efforts of the IAEA by concentrating on specific
areas of concern that are identified by developing countries in the management of low and intermediate
level radioactive wastes. The objectives of the programme are to provide a technical assistance
mechanism which offers international expertise to waste management problems/issues faced by
developing nations; and to develop and implement waste management solutions that consider the
country's environment and common problems faced in the region.

WAMAP thus helps developing Member States to utilize international experience in the
assistance and practical development and implementation of waste processing, storage, and disposal
projects. The objective is the enhancement of safety and the protection of people and their
environment from hazardous radioactive wastes.

Assistance in the assessment of needs and practical development and implementation of waste
management programmes particularly include advice and assistance in the following areas:

definition of organizational set-up and manpower requirements;
development of national regulations, standards and criteria for waste management;
preparation of an inventory of present and future waste arisings;
preparation of plans and development methods for waste segregation, treatment, conditioning,
transport, storage and disposal;
selection of processes, design systems and equipment for waste treatment, conditioning,
storage and disposal;
preparation of technical specifications for standard equipment used in waste management;
site investigations and processes for site selection for waste storage and disposal facilities;
design, construction and operation of storage and disposal facilities for low- and intermediate-
level radioactive waste;
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licensing of waste processing and disposal facilities;
development of services needed for operation of waste management facilities;
preparation of pre- and post-operation impact assessment for radioactive waste disposal
systems;
institutional control and environmental surveillance programmes for radioactive waste
repositories;
preparation of safety analyses and assessments;
training and development of expertise in the various fields of radioactive waste management.

The methodology for carrying out the programme is as follows:

request made by countries,
basic information given by countries on their needs,
assessment of information by the IAEA,
decisions made on missions required (selection of experts),
mission to the country,
recommendations of the mission,
assessment of the recommendations,
follow-up advice and actions.

Since the programme's inception in 1987 through late 1991, a total of 34 developing countries
have been visited by WAMAP missions. WAMAP missions are performed when Member States
supply certain basic information on their radioactive waste management needs. This information is
used by the IAEA to determine the composition of the WAMAP team (i.e. type of expertise required)
that will visit the Member State. Usually the team will be composed of experts from the IAEA staff
and outside experts from Member States that have vast experience in the area that the mission will
cover. The advice and recommendations offered by a WAMAP team often provides the initial
assessment of the country's needs. They further result in a precise plan and practical solutions to the
waste management problems the country faces, taking into account its resource capabilities. WAMAP
recommendations also serve to determine the types and nature of follow-up IAEA assistance and/or
technical assistance projects that may be needed to successfully implement the country's waste
management programme.

The benefits from WAMAP are many, although not all of them may be quantifiable or
immediately recognized. Some benefits are directly visible, like on-the-spot intense discussions and
technical advice given on specific problems. Other benefits will show up later as the country
implements the Mission's recommendations and commences to take the opportunity to apply for IAEA
technical assistance projects.

A major contribution of WAMAP is that it creates an awareness in the countries about the
need for the safe management of radioactive waste and assists in building up their confidence that they
can reach self reliance in this area.

The WAMAP programme, by pointing out deficiencies in Member States and recommending
follow-up actions, will eventually lead to a country establishing a well planned national waste
management programme which will reduce radiological exposure and prevent potential accidents.

From 1992, emphasis in the WAMAP programme will be placed on the follow-up missions
to be undertaken by the WAMAP co-ordinator in order to facilitate the implementation of the first
mission's recommendations.

Waste Processing and Storage Facility (WPSF)

Many developing countries generate similar volumes and activities of radioactive wastes from
research, medical applications of radioisotopes and other institutional uses of the atom. In recognition
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of the need for the IAEA to assist in the planning for the processing and storage of radioactive wastes
generated in low volumes, the IAEA has developed a reference design package for a plant capable of
handling, processing and storing low and intermediate level waste. This package could be used by
developing Member States that have a requirement for a centralized radioactive waste facility. In
preparing the reference design, radioactive waste management techniques employed by Member States
throughout the world were reviewed. The IAEA defined several important requirements that the
reference design would have to meet. Firstly, processes selected for inclusion in the reference design
needed to be well proven and established. The processes also had to be robust and tolerant to changes
in waste feeds. Equipment selected had to be simple in design, and simple to operate and maintain.
The economics of the reference design needed to be justified, taking account of not only initial capital
costs and on-going operating and maintenance costs, but also the final disposal costs of the waste after
processing and a period of storage. The design also had to incorporate appropriate radiological
protection to guarantee safe operation for operators and for the general public. Figure 12.23 presents
a simplified layout of the type of centralized waste processing and storage facilities that would result
from use of the reference design package.

The WPSF consists of two separate buildings, one housing the waste processing equipment
and all the support functions, the second providing storage for conditioned waste drums.

Waste processes recommended include: liquid effluent precipitation, solid waste compaction
and cementation of sludges. All supporting facilities and services necessary to safe operate the
processing plant are also included in the design. The separate waste store is a large, simple building
with no services or extra facilities other than lighting.

By offering such a package, the IAEA and its Member States benefit in two important ways.
First, it promotes the availability of a plant design that has been structured according to the needs of
Member States that generate wastes from similar applications. The reference design will be
incorporated into an IAEA-TECDOC in order to acquaint as many Member States as possible with
reliable and cost effective solutions to institutional waste management problems.
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FIG. 12,23. Simplified layout of a centralized waste processing and storage facility.
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Secondly, since the resources available for providing technical assistance to developing
countries are limited, there is considerable merit to develop an application or concept which meets the
needs of several countries and can be used repeatedly. The reference package would serve as the basis
for construction of facilities to handle radioactive waste from similar nuclear energy applications.

With the establishment of a standard reference plant design, the IAEA's technical assistance
missions to Member States in the area of handling and processing low and intermediate level waste
would be greatly enhanced. Experts visiting developing Member States could use the WPSF as the
basis for providing an effective technical and economic solution to waste management handling,
processing and storage problems.

Waste Management Data Base (WMDB)

Availability of information has always been the key to the success of any undertaking. In the
area of radioactive waste management, an undertaking of management strategies of other countries that
face similar problems in the area is the first step in planning a national waste management programme.

The IAEA has developed and is now in the process of implementing a Waste Management
Data Base (WMDB). The primary purpose of the WMDB is to provide an accessible source of
information on radioactive waste management data for each of the IAEA's Member States. The major
objectives of the system are to:

improve access to pertinent information useful to Member States and the IAEA;
provide a system for maintaining corporate memory of such information;
provide readily accessible reference material for Technical Assistance and WAMAP missions;
and
provide Member States a report that summarizes waste management profiles.

To establish the information basis of the data base, a questionnaire was sent to all Member
States in May 1989 requesting relevant information on national waste management plans and activities.
Figure 12.24 shows how the data is gathered from the Member States and how information is later
summarized and published.

INPUT OUTPUT/PRODUCTS
1. Questionnaire response

from Member States

2. Official Information
from Member States

3. Agency Roports

WASTE
MANAGEMENT

DATA
BASE

4. Published Reports

FIG. 12.24. Information flow for waste management date base.
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Between August 1989 and December 1990, 60 responses to the questionnaire were received.
In addition, the official reports and the IAEA missions carried out in 9 Member States have provided
information, which would otherwise not be available.

In a system such as WMDB, the source of the information is critical to the credibility and
reliability of the data base. Therefore, a priority ranking has been assigned to the four sources
allowed.

Information provided by the country, either through responding to a questionnaire or from
official government correspondence, has the highest priority in terms of source. Presently, the data
base contains data from only three sources: (1) a questionnaire response, (2) other official data from
the Member State, and (3) data from IAEA reports. A fourth source, other published reports, may be
used in future updates.

The WMDB is structured to provide a waste management profile of Member States. The
Member State profile includes information on the current inventory of waste volumes, waste volume
projections, policy and regulatory developments, organizations responsible for waste management
activities, national strategies, waste management research and development programmes, operational
activities, and significant milestones.

The structure is organized into eight main sections according to waste type and sources and
activities related to its management. The eight sections are:

Low level waste management;
Spent radiation sources management;
Intermediate level waste management;
Alpha contaminated waste management;
High level waste management;
Spent fuel waste management;
Decommissioning activities and waste;
Uranium mining and mill tailings waste management.

This structure allowed Member States to eliminate sections which were not applicable to their
programmes.

The data base will be used by the IAEA to enhance the waste management programme by
providing ready access to information on Member States activities in the field. The information it
contains will be used to provide reports on the international status of radioactive waste management
and to assist the IAEA in the planning and development of its waste management programme. All
Member States are encouraged to participate in the data/base's development and operation and to make
use of it in the planning and implementation of national waste management programmes.

Management of spent radiation sources

Radiation sources, starting with radium, have been in use for many decades. They are now
used in a wide range of applications in the fields of research, medicine, industry, and agriculture.
Some of the isotopes of importance are cobalt-60, caesium-137, radium-226, iridium-192,
americium-241, strontium-90, and plutonium-238. All these sources become radioactive wastes after
their useful lives are over.

Since the application of radioactive materials in industry, medicine, and other fields are
universal without any distinction between developed and developing countries, excepting the
magnitude of the application, the problem of managing spent sources exists in all IAEA Member
States. In industrialized countries, however, an adequate regulatory infrastructure usually exists with
control and inspection mechanisms to minimize problems that could occur.
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Regarding the number and type of the spent sources in the developing countries, no
comprehensive and reliable information is available. It is also doubted whether some countries
themselves have this information. It is estimated, however, that the radium in stock in developing
countries is between 250 and 500 grams. Radium use for cancer treatment, which started early in the
century, is being superseded by the use of other isotopes.

Few accidents from mishandling of spent sealed sources have occurred in recent years in
several Member States to cause fatalities and serious injuries to the public. In a circular letter issued
to Member States in 1988, the IAEA Director General cautioned countries about the serious hazards
involved with spent radiation sources unless proper control is exercised in their safe management and
disposal. If obsolete sealed sources are not managed properly or lost in the public domain, the
consequences are generally severe.

In view of the importance of problems related to spent sealed sources, a comprehensive review
of these problems has been prepared and published as an IAEA-TECDOC entitled "Nature and
Magnitude of the Problem of Spent Radiation Sources". A spent radiation source action plan, with
emphasis on the situation in developing countries, was prepared and approved by the Board of
Governors in 1991.

It was concluded that the IAEA must take a larger responsibility for the sources it has
procured for Member States. It must keep in line with its role to give all assistance, including
practical field work, to 'clean up' the existing situation.

As a recognized international organization, the IAEA must seek to establish regional or global
solutions to the problems of long-term storage of spent radiation sources, as well as disposal of sources
in the cases it is not reasonable or even feasible to have safe national solution.

12.3.5. Technical manuals

In 1988, the IAEA started a new series of technical documents for providing more specific
guidance in the area of handling and processing of low and intermediate level wastes generated at
small nuclear research centres and by radioisotope users in medicine, research and industry. While
TRS and Safety Series documents on radioactive waste management have been published for over
three decades, the need for a different type of document that focuses on 'step-by-step' solutions to
specific waste management problems facing developing Member States was demonstrated by IAEA
technical assistance missions. This new series of documents, called Technical Manuals, is being
prepared to provide straightforward and low cost solutions to waste management handling and
processing problems faced by developing Member States. It is planned for the documents to:

describe simple technologies and make maximum practicable use of indigenous resources,
provide step-by-step procedures for effective application of technology,
recommend technological procedures which can be integrated into an overall national waste
management programme.

The order of preparation of the manuals is based on priority needs of Member States and it
is recognized that additional technical areas or needs may be identified as the programme is
implemented. The first technical manual produced under this series was the document on "Handling,
Conditioning and Disposal of Spent Sealed Sources" (IAEA-TECDOC-548, 1990). This manual offers
simple but straightforward advice to countries engaged only in radioisotope applications in medicine
research, and industry. The manual provides information on characterization, legislation,
responsibilities, options in management, conditioning and interim storage of sealed sources. Five more
technical manuals were published in 1992.
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12.3.6. Conclusion

Developing countries are generally facing different problems—and therefore have different
immediate needs—than industrialized countries in the day-to-day safe handling of radioactive waste.

The IAEA programmes are placing particular emphasis on activities to advise and train
specialists and to transform proven practices and technologies from industrialized to developing
countries. Activities in radioactive waste management are continually under review to meet the needs
of Member States and to reflect the current status of work in the field.

In view of the IAEA's wider responsibilities to give global guidance, the needs of developing
countries are particularly given importance. The work done so far has been useful to all countries.
However, it is being increasingly felt that in addition to publication of reports, the IAEA activities
should also meet the needs of Member States, especially developing Member States, on practical
approaches in implementation of waste management programmes and projects.
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13. EMERGENCY PLANNING, PREPAREDNESS AND RESPONSE

13.1. PRINCIPLES OF EMERGENCY PLANNING AND PREPAREDNESS

For the purposes of this document, an accident is considered to be an unplanned abnormal
event leading to loss of control over a source of radiation with actual or potential consequences for
personnel health and safety and/or impact on the environment and property. An accident may lead to
personal exposure, contamination or both.

Early recognition and assessment of an accident is essential in order to initiate the contingency
plan and commence emergency actions. Provision has to be made for off-site consequences. However,
on-site consequences are likely to pre-dominate for the range of uses of ionizing radiations for which
this Safety Guide is primarily intended.

Contingency planning. In respect of each of its practices involving ionizing radiations the
operating management should undertake an assessment of the consequences of any reasonably
foreseeable accident, occurrence or incident and should draw up a contingency plan to restrict, as far
as is reasonably achievable, any resulting exposures. In many of the circumstances to which this
document applies, such contingency plans may be very simple.

The contingency plan should be specific to each situation and should include, as appropriate:

(1) Identification of the reasonably foreseeable accidents, incidents or occurrences and their
predicted consequences, including whether or not there are off-site implications;

(2) Communication procedures, including an emergency call-out list;
(3) Recommended actions for specified situations; this includes the identification of persons able

to implement and take responsibility for stated parts of the plan, and positive identification of
situations requiring evacuation together with the procedures for implementation;

(4) A statement regarding immediate life-saving actions (see Section 9.2.7);
(5) Statutory responsibilities and the names of persons able to take actions to satisfy them;
(6) Availability of emergency equipment, including a list of the equipment that should be

available, and its location;
(7) Availability of first aid equipment, including a list of the equipment that should be available,

its location, and the names of persons trained to use it (where applicable);
(8) Where appropriate, an outline of the post-emergency procedures designed to restore normal

operating conditions.

Staff must be fully aware of any contingency plan that might affect their area of work, and
their role if the plan has to be implemented. The operating management should arrange for staff
training and for emergency drills, as appropriate to each situation.

The operating management should review the contingency plan at appropriate intervals,
normally not exceeding 12 months. The frequency and depth of such reviews should be related to the
potential consequences of the identified emergency situations. A plan should always be reviewed
following relevant operational changes.

Emergency and first aid equipment should be inventoried regularly and tested for good
working order at appropriate intervals. Inoperative or out-dated items should be repaired or replaced
without delay.

Liaison should be maintained with relevant off-site services or agencies, as appropriate to each
situation. This will include ambulance, fire, police, hospital services, local and national authorities, etc.
This may extend to positive participation by such outside bodies in emergency drills, depending on
the expected extent of their involvement in any identified contingency plan.
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It is unlikely that the radiation component of any situation will present an immediate threat
to life for most of the reasonably foreseeable accidents within the range of practices to which this
Safety Guide primarily applies. Exceptions to this statement might be an incident in a gamma
irradiation facility or involving large gamma radiography sources. As a consequence, the contingency
plan should normally give prominence to the advice that immediate life saving actions should take
precedence over any considerations of personal radiation exposure. For similar reasons, the
contingency plan should stress that there will generally be no necessity to move a seriously injured
person until the arrival of experienced medical personnel who can move the patient with minimal risk
of further injury.

Experience has shown that most incidents involving spills of unsealed radioactive substances
in hospitals do not warrant any drastic emergency action but, on assessment, require only simple
remedial action by local staff, often as part of their routine procedures, for the control of spread of
contamination. Nevertheless more serious incidents could occur and for such cases a contingency plan
should he prepared.

Typical incidents which could involve the need for a contingency plan include:

(a) the loss or suspected loss of a sealed or solid source;
(b) the loss or spillage of unsealed radioactive substances (including excreta);
(c) breakage of a sealed or solid source (accidents to radium containers should be treated as

serious emergencies;
(d) failure to retract a radioactive source, close a shutter or switch off a radiation beam by normal

methods; and
(e) fire or explosion including those during transport.

There should he readily available an up-to-date list of all places in the establishment where
there are or may be radiation hazards showing the exact location of and the means of access to all
rooms likely to contain amounts of radioactive substances.

Arrangements should be made with the Chief Fire Officer for the local fire brigade to visit the
establishment to obtain information about the layout of the premises, warning notices and signs, and
the location and types of radiation sources. The Chief Fire Officer should also be consulted about the
suitability of the fire-fighting equipment.

Notices should be posted at places where foreseeable accidents may occur; they should show:

(a) how to contact the RPO or an alternative person who should be notified immediately of any
emergency;

(b) how to call the fire brigade and medical services; and
(c) the location of emergency equipment.

Equipment should be kept available for use in an emergency where unsealed radioactive
substances are used. This may need to include some or all of the following:

(a) overshoes, protective clothing (including gloves and caps) and respirators or breathing
apparatus;

(b) decontamination materials for the affected area, including absorbent material for wiping up
spills;

(c) decontamination materials for persons;
(d) barriers, or means for roping off affected areas;
(e) warning notices;
(f) handling tools and receptacles for contaminated articles;
(g) portable monitoring equipment, including personal monitoring devices, such as pocket

dosimeters, thermoluminescent dosimeters and film badges;
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(h) non-porous floor covering, to be used only after any liquid spill has been cleared up; and
(i) sundry items, such as adhesive tape, labels, torch, notebook and pencils, and simple first-aid

equipment.

An appropriate selection of emergency equipment should be kept in a clearly labelled portable
container in a readily accessible place. A list of the emergency equipment should be fixed to the
container and checks made periodically and immediately after use to ensure that all items are present
or replaced as necessary.

Practical exercises should he held to test the effectiveness of the arrangements and to ensure
that all persons concerned know what action to take in an emergency. Mock or low-activity sources
should he used during training exercises.

Action during an emergency. The best course of action in an emergency depends very much
on local circumstances and the nature of the emergency. If it involves an X-ray generator (other than
capacitor discharge type) or accelerator, all of whose exposure controls have failed, it is necessary only
to switch off the main supply in order to remove all radiation hazards (except possibly from induced
radioactivity in the case of high energy accelerators). If radioactive substances are present the
emergency may involve actual or potential dispersal of activity or a high dose rate.

Occasionally both hazards may be present. Where radioactive substances are great, urgent
actions would include:

(a) deciding on the need for the fire services, medical assistance and advice from the
RPO;

(b) warning persons in the immediate vicinity of the accident or evacuating the area as dictated
by circumstances;

(c) rendering first aid to any person who may be injured;
(d) notifying the RPO; and
(e) dealing with the emergency.

In the case of solids and liquids, the dispersal of the radioactive substance should be contained
as far as possible, and in the case of radioactive gases or vapors they should be dispersed as quickly
as possible.

If evacuation is required, and where time permits, all functioning apparatus in the area should
be made safe. Ventilation and all laboratory services except lighting, should be switched off and all
doors and windows should be closed. However, when radioactive gas or vapor, e.g., tritiated water
vapor, has been released, mechanical ventilation should be left on and, with discretion, doors and
windows should be opened.

The spread of contamination, particularly on shoes or clothing of persons leaving the affected
area, should be minimized. Evacuated persons who might be contaminated should be monitored
immediately outside the area. Appropriate arrangements should be made for their decontamination.

Clothing contaminated in an emergency should be removed and left in or near the affected
area. Contaminated parts of the body should be washed thoroughly but gently until either monitoring
shows that contamination will not be significantly reduced further by this method, or there is danger
of roughening or breaking of the skin which would allow contamination to enter the blood stream. If
contamination still exceeds the relevant value shown in Appendix 4, medical advice should be sought.
Any contaminated wound, however trivial, should be irrigated with water or saline solution, care being
taken to limit any spread of contamination to or from other parts of the skin.

Persons entering the affected area to carry out emergency procedures should wear appropriate
protective clothing, which they should monitor and remove when they leave the area. In the event of
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an emergency involving a serious spill, those concerned with the cleaning up procedures should, if
necessary, wear properly fitting respirators or breathing apparatus appropriate to the radioactivity being
handled, so that even under these conditions air monitoring will rarely be needed.

A direct radiation hazard may arise through loss of shielding or through failure of a shutter
or source transport mechanism. Temporary shielding should be used as necessary and the immediate
area should be evacuated and barriers should be erected to restrict access. Recovery of the source
should then be undertaken in accordance with preplanned procedures which take into consideration
the doses likely to be incurred.

If a source of notifiable activity is lost, or thought to be lost:

(a) The person responsible for security of sources, as well as the RPO, should be informed
without delay. The RPO should arrange for an immediate search for the lost source to be made
by a competent person. The possibility that a lost sealed or solid source might have fallen into
a gap in protective material should not be overlooked;

(b) All means by which the lost source might be moved further astray should, as far as possible,
be eliminated, until the search has been carried out. Floors should not be swept, furniture
should not be moved, and sinks should not be used: incinerators should not be used nor their
ashes disturbed;

(c) The possibility of contamination by spilled radioactive substances should be borne in mind if
there is any reason to suspect that the lost source might have become damaged. Rigorous
precautionary measures should be instituted as soon as contamination is detected.

Access to the affected area should be restricted until radiation surveys show that the area may
be re-occupied. Any radiation generator should be examined for defects before it is re-energized.
Leakage tests should be carried out if it is suspected that a radioactive substance is leaking from any
container.

All emergencies should be notified to the RPO who should subsequently review the
contingency plan with the employer in the light of any lessons learned.

Incidents which occur outside the establishment. The Health Departments have issued
guidance to hospital staff and ambulance crews who may need to deal with casualties likely to be
contaminated by radioactivity.

The RPO should be consulted if it is known or suspected that a casualty is contaminated, and
as much information as possible about the incident and the radionuclide(s) involved should be sought.

There should be liaison between hospitals and local employers who use radioactive substances
so that arrangements for dealing with contaminated casualties can be made.

13.2. EMERGENCY RESPONSE TO RADIOLOGICAL ACCIDENTS

The treatment of whole body or partially overexposed individuals implies hospitalization in
a specialized unit applying intensive care. If the accident results in a small number of casualties, the
medical management will not raise major problems in the countries where specialized units exist, as
roughly 5- 10 % of the beds are available at any time. But an accident which would involved tens or
hundreds of people raises much more difficulties for hospitalization. In addition, problems should be
solved promptly in the fields of medical handling, mainly triage (combined injuries), determination
of whole body dose levels, transient hospitalization. Preplanning is necessary, adapted to the system
of medical care in case of a catastrophic event in a given country, with the main basic principles:
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(1) emergency concerns essentially the classical injuries (burns and trauma) and contamination
problems in some cases,

(2) treatment of radiation syndrome is not an emergency during the first days although some
essential actions have to be taken, such as early blood sampling for biological dosimetry
and/or for HLA typing.

Triage. This term refers to the sorting of patients into classes of injury and/or disease for the
purpose of expediting clinical care. One of the main tasks is to determine the emergency of the cases.
A simple way as a first step is to divide the virtually exposed groups into three main categories :

individuals overexposed or not, but with combined injuries such as wounds, burns, and/or
contamination;
individuals who are likely to have received doses at such levels that they will require medical
management at some degree;
individuals who are likely to have received only low doses and who are free of any other
injury.

(1) Individuals overexposed or not with combined injuries : these victims should be managed as
in the case of any conventional emergency. They do not represent a medical emergency for
treatment of radiation injury, but some specific investigations should be carried out without
delay in order to assess the dose and to get the necessary data for the treatment which will be
initiated later. The management can be based on the set-up of a shuttle constituted of first aid
specialists who have in charge evacuation of the victims from the accident site to the Medical
Advanced Unit.

The Medical Advanced Unit has in charge emergency care after quickly established diagnosis
according to a preplanned file. Results are transferred to a medical regulation center which has
in charge to find the Hospital and Special Unit needed. At the same time or during evacuation,
a file concerning radiation problems is filled up. This medical unit can be constituted by the
medical staff of the Mobile Emergency Medical Unit. From the regional or national levels,
generally, this unit is under the responsibility of the Civil Defense.

(2) Individuals who have or are suspected to have received significantly high doses. In the same
way, preplanned actions have to be set up. These victims should be regrouped in a center
where they will be treated as described on the same file for radiation indications and which
should be divided into two parts. The first part will be fulfilled by physicists. The second part
by the medical staff. A first triage will be made at this level in three categories: globally
overexposed, locally overexposed and internally contaminated. At the same time, the Medical
Regulation Center will check the available medical facilities in the National Public Hospitals.
It is admitted and planned that during the first day (day 1 to + day 10), the victims could be
hospitalized in classical medical units provided that the necessary follow-up and examinations
are carried out. For this purpose, a special file will be available giving the basic examinations
that should be made : blood typing on day 1 (A, B, O, rhesus, erythrocytes phenotype),
HLA-A, -B-DR typing on day 1 and lymphocytes freezing on day 1, cytogenetic dosimetry
on day 1 if not done on day 0 and electroencephalogram on day 1. A further classification
based on results of clinical, biological and dosimetric examinations will be made by an expert
medical group in the four classical categories of dose levels; on this basis, decisions for
hospitalization will be taken as follows:

< 1 Gy: haematological and clinical follow-up as out patients in an hospital;
1-2 Gy: follow-up in a general medical department;
2-4 Gy: strict follow-up in an haematological department, and with specific

instructions in case of unfavorable haematological evolution;
> 4 Gy: hospitalization in haematological intensive care department (controlled rooms).
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(3) Individuals who evidently have received low doses. Their hospitalization is not justified but
during a few days they have to be followed as out patients.

Classification in dose levels categories. Three important steps should be defined:

(1) Very early classification based on clinical symptoms and eventual data on physical dosimetry.
Nausea, vomiting, diarrhea and fever should be considered as the most important clinical
findings. They should be carefully recorded, including their time of appearance, frequency
and severity. By this mean, it is possible to classify the victims at least in two categories: less
or more than 2 Gy.

(2) Confirmation and more precise classification based on haematological counts. Hyperleuco-
cytosis within the first hours if any early blood cell count is available, speed of decline of
lymphocytes and platelets within the first 2 or 3 days, will allow a good classification within
the categories above 2 Gy.

(3) Later confirmation by biological dosimetry. The biological dosimetry should be considered
as a confirmation of the previous one, using essentially chromosome analysis and
neurophysiological response (EEG), and possibly some haematological specific techniques.

The first two simple steps have been found effective in all radiation accidents. At Chernobyl,
where over 350 persons were examined in the first 36 hours, these procedures were specially practical
and proved their efficiency. But the third step which will lead to accurate estimates of dose and dose
distribution, completed by other examinations such as bone marrow quantitative scintigraphy, stem
cells cultures, is essential for decision on treatment, especially if bone marrow transplantation is
discussed. This step can be foreseen as it is likely that only a few tens of victims will rely on this
specific treatment.

Conclusion. Preplanning the medical response after the alert is given should be done deeply
into details, including preparation of files and records. The efficiency of the planning will depend upon
two essential points: it has to be incorporated in the usual medical planning for catastrophic events and
its perFormances have to be tested in real size exercises.

The basis for preparedness should be: use of three categories for triage, classification of
overexposed individuals in four ranges of doses based on a simple, rapid and reliable method by well
trained specialized physicians. The decision on the hospitalization methods, i.e. a small group of
patients in several hospitals or all patients in a centralized hospital, will depend upon national
resources and possibilities, but the need of specialized units in haematological intensive care may
imply international co-operation. Another important point is that such preplanning implies extensive
formation and education of the medical and non-medical staffs involved.

13.3. ROLE OF IAEA IN EMERGENCY PLANNING AND RESPONSE

Since 1959, the IAEA has had a relatively simple action plan by which it would, upon request,
arrange to provide assistance to any Member State following an accident involving radioactive
materials. This plan may have been adequate for relatively small, localized emergencies. However, it
was never called upon to mobilize the IAEA for responding to accidents involving nuclear power
facilities or relatively extensive radiological emergencies involving radioactive materials.

The concept of having such an IAEA plan was basically sound, but it was never seriously put
to the test of responding to a real accident or emergency such as those which have occurred in recent
years. The number of nuclear facilities and the use of radioactive materials have expanded to the
statistical point where accidents and emergencies are occurring with increasing frequency. This
requires a re-evaluation of the IAEA's role and obligation to provide assistance when requested or,
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in the absence of a request, when it feels morally obliged to offer its 'good offices' regarding
assistance.

Since 1979, concern about an adequate emergency planning and preparedness posture on the
part of Member States and the IAEA was manifested by accelerated activities in this specific area and
in nuclear safety and radiation protection in general. These activities occurred after the two most
serious nuclear accidents of record at the Three Mile Island (TMI) and Chernobyl nuclear power
plants. TMI ultimately resulted in direct action by the IAEA's Board of Governors and the Secretariat
leading to two advisory documents. Chernobyl resulted in the adoption in 1986 of the Convention on
Assistance in the Case of a Nuclear Accident or Radiological Emergency and the Convention on Early
Notification of a Nuclear Accident, both of which were based on the two advisory documents issued
after TMI. These Conventions levy specific obligations and responsibilities on States Parties and on
the IAEA.

Recent experience. In 1987, a serious radiological emergency involving a radioactive source
(caesium-137) occurred in Brazil. The emergency, in aspects related to its causes, was remarkably
similar to one involving a cobalt-60 source which took place in Mexico (and via transport of
contaminated materials to the USA) about four years earlier. Other serious radiological emergencies,
some less well-documented and some with fatalities or serious injuries, have occurred in other
countries. In the Brazilian case, the IAEA was requested to provide various types of assistance. Brazil
also requested and accepted assistance on a bilateral basis from several Member States. The Mexican
case was largely handled through bilateral activities between Mexico and the USA.

Recent experience and 'lessons learned' in serious emergencies involving nuclear and
radioactive materials dictate the necessity to have improved response schemes and an international
infrastructure to assist in mitigating their consequences. Greater efforts are underway to prevent
accidents within the international nuclear safety and radiation protection communities. Nonetheless,
it is still prudent to be prepared. To respond more effectively to such accidents and emergencies at
the international level, the IAEA has launched a project called 'emergency assistance services'. The
heart of these services is an emergency response system (ERS) currently under development.

Emergency response system (ERS). The main objectives of the ERS derive from the IAEA's
responsibilities and functions under the two Conventions cited earlier. They are:

Upon receipt from a State of a notification of an accident, to inform States Parties, Member
States, and other States which may be physically affected by a release of radioactive material
that occurs, or is likely to occur, and that has resulted, or may result, in an international
transboundary release of radioactive material that could be of radiological safety significance
for another State; and to inform relevant international intergovernmental organizations of such
notification.

To promptly provide the affected States, any requesting State Party, Member State, or relevant
international intergovernmental organization with available information relevant to minimizing
the radiological consequences in affected States

To assist in the process of limiting the consequences of an accident by providing or obtaining
equipment, materials, manpower, and other assistance as found necessary upon request. The
resources for this kind of operation are to be supplied by the IAEA and its Member States.

In most cases, the Member State involved is expected to initiate any assistance by requesting
it. In some cases, however, a situation might arise in which the IAEA should offer its 'good offices'
regarding assistance even though no request has been made.

Elements of the system. The IAEA has defined and is developing the planning, procedural,
and operational documents necessary to assist it and its Member States in implementing the various
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responsibilities and functions under the two Conventions in the case of an accident or emergency.
These documents are:

Nuclear accident/radiological emergency assistance plan (NAREAP). This plan provides the
foundation for maintaining and activating the IAEA's emergency response system. It is
considered to be a document for internal IAEA use to provide the relevant staff with basic
information to enable an effective response. It is also intended that this plan provide a basic
conceptual framework of planning assumptions; concept of operations: organization and
responsibilities; communications; data acquisition, handling and dissemination; administrative,
technical, and general support; co-ordinated training and exercises; plan maintenance, review,
and revision; and an introduction to internal procedures for implementation. Its scope
encompasses nuclear accidents and radiological emergencies referred to in the Conventions.
It also encompasses what are called "IAEA-related accidents or emergencies".

The plan's application is limited to the internal operations of the IAEA. It is not intended to
interfere with, or be extendable to, the domestic emergency response obligations and responsibilities
of States. Any emergency response activities undertaken by the IAEA in accordance with this plan and
its supporting documents will be oriented towards 'best efforts'. It will also be oriented towards a
consideration of risk or hazard to IAEA staff and any IAEA recruited experts who may be requested
to go to the scene of an accident or emergency.

Handbook of emergency response procedures. This procedural document supports NAREAP
with detailed internal emergency response operational procedures to activate and deactivate
the ERS. It is for the use of the involved IAEA staff and contains procedures governing such
things as communications, notifications, activation and call up of the IAEA's emergency
response team, training, exercises, and obtaining and rendering assistance. The handbook also
addresses maintenance of the ERS.

Emergency notification and assistance technical operations manual (ENATOM). This manual
conceptually links the IAEA, relevant international organizations, States Parties, and Member
States under the provisions of the Conventions. ENATOM will be distributed to competent
authorities involved. It will contain the test of both Conventions, along with practical
operational suggestions based on internal IAEA procedures for notification of a nuclear
accident or radiological emergency and for offering or requesting assistance. It will also
contain information and guidance on communications with the IAEA, relevant international
organizations, and Member States; description of the IAEA's role and capability in 'brokering'
assistance: information concerning experts, equipment, materials, and services which could be
made available by Member States and relevant international organizations; information on the
IAEA's NAREAP and the ERS; abstracts of all IAEA emergency planning and
preparedness,and radiation protection technical guidance publications; information on
specialized national and regional medical centers worldwide collaborating with the World
Health Organization (WHO): and Information on points of contact and competent authorities
as required by the Convention.

The development and distribution of ENATOM should particularly facilitate the practical
implementation of those Articles of the two Conventions which are operational in nature.

Organization of the ERS. The organizational concept for the ERS is to maintain a small
permanent two person staff. One professional is designated as co-ordinator of emergency assistance
services and one technical assistant maintains the administrative and technical aspects of the system.
These are embodied in NAREAP and its attendant procedures. ENATOM, and the emergency response
unit (ERU), which is the physical and communications focal point of the system. During activation
of the system, other staff are also involved. When the ERS is not in activation, the focal point for
initial notification of an accident or emergency to the IAEA will normally be the United Nations
Vienna International Centre, Security Control Centre (VIC-SCC). The organization includes:
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Nuclear safety duty officers (NSDOs). To ensure the ERS' readiness, two IAEA staff members
will be assigned as 'nuclear safety duty officers' (NSDOs). They will be on call at all times
via telephonic pagers for one week of duty. NSDOs are to be alerted by the VIC-SCC or by
any other means, depending upon the source of information regarding a nuclear accident or
radiological emergency. The NSDOs are responsible for activating the ERS and the ERU.

Emergency response team (ERT). An emergency response team (ERT) is to man the ERU
when activated by the two NSDOs on duty. The ERT consists of the co-ordinator, emergency
assistance services, the two on-duty NSDOs. the ERU technical assistant, two
secretaries/telephone operators, a telex operator, and an operator for the Global
Telecommunications System (GTS) of the World Meteorological Organization (WMO). This
team may be joined by professional staff members who are experts in various fields related
to the accident or the emergency. The ERT will be responsible for the technical operation of
the ERU during an activated status.

Decision making group (DMG). A decision making group (DMG) will be activated as required
by the nature of the event. The core team of the DMG will consist of the Director General;
the Deputy Director General (DDG), Department of Nuclear Energy and Safety; the DDG.
Department of Administration; the DDG Department of Technical Co-operation; the Director,
Division of Nuclear Safety; and the Head, Radiation Protection Services Section. Additional
management staff from other departments and divisions may be added to the DMG as
required.

Support services. Support services may be necessary to help maintain and operate the ERS,
especially if the system has to function for an extended round-the-clock period. Theses
services will be drawn from the appropriate IAEA departments and divisions as required.

Public information duty officers. The IAEA's Division of Public Information will be
responsible for the co-ordination and dissemination of information about the IAEA's response
to accidents, emergencies, and incidents. A public information duty officer will also be on call
at all times, via a telephonic pager. He will assist the NSDOs as required during the activation
of the ERS and ERU. After activation, he will work with the decision making group
concerning public media activities related to the event.

Emergency response unit (ERU). The IAEA established an emergency response unit (ERU)
to fulfill its obligations, mainly those which come under the two Conventions. Two main types of
activities are required of the ERU:

(1) Receiving and disseminating information provided or requested by Member States during the
acute stages of a nuclear accident; and

(2) Providing or obtaining assistance in response to requests from Member States.

To cope efficiently and intelligently with these requirements, the ERU must establish and
maintain an emergency assistance recourse database; develop and maintain the software for handling
and analyzing radiological monitoring results and the characteristics of the accident source; and
develop the mechanisms for handling and analyzing the results of model predictions.

From a technical standpoint, the ERU must have a communications and data handling
capability; recourse databases; analysis methodology; and ERU and ERS operational procedures.

Communications and data handling capability. The ERU communications systems facilities are
designed to access, and be accessible to the specified points of contact and other official
channels of States Parties and Member States. The communications facilities include:
telephones (including recording of conversations) with direct international dialling and
automatic dialling facilities;
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telex (both transmission and reception );
telefax (transmission only);
electronic mail: and access to WMO's GTS.

The GTS is to be used for the rapid transmission of a large volume of data to many points
when the distribution of information is unrestricted. Also included arc in-house telephone and
intercommunications systems. The IAEA's computer section is further preparing a computerized file
management system. The IAEA's computer section is further preparing a computerized file
management system, designed to facilitate the rapid retransmission of the data while, at the same time,
performing quality assurance checks of the data and storing it in files for future analysis.

Resource databases. As previously mentioned, the ERU must establish and maintain several
resource databases. These include, inter alia, the listing of all national competent authorities
and contact points, including communication instructions; the information from Member States
regarding potential resources for emergency assistance; reactor data; and radiation protection
reference data.

Analysis methodology. The IAEA intends to create a modest analysis capability for situation
assessment and quality assurance of data. The data for this analysis is expected to come from
the information supplied by Member States and international organizations if an accident
occurs. A methodology is being developed to produce area maps of external radiation fields,
gross or specific isotopic air concentrations, ground deposition concentrations, and time
histograms of these data for specific locations or areas. These outputs will assist the IAEA to
evaluate the radiological situation and to advise Member States which do not have the
facilities for data handling and analysis when they have requested this information.

ERU ant ERS operational procedures. The technical operations systems necessary for routine
and emergency conditions are based on emergency response procedures. Technically, they will
include: a log book facility (both hand-written and electronically recorded); an NSDO
computer system which will have a duty officer check list for the activation of the ERS and
ERU; all important databases, including facilities for quick sorting and retrieving essential data
(e.g. which countries have medical facilities for radiation injuries, which can supply
monitoring teams); and the principle procedures for all communication systems. All electronic
files have written backup files to be used in cases of electrical or computer failures.

Implementation of the ERS. All major elements of the ERS are scheduled to be developed
and in place by the end of 1988. The ERS is being developed by an IAEA Intergovernmental Review
Group under the Chairmanship of Mr. Dipak Gupta, Special Advisor in the Department of Nuclear
Energy and Safety. The system's full implementation is scheduled for 1989, after appropriate training
of involved IAEA staff and after conducting a comprehensive exercise to test the system. Manpower
in terms of the services of skilled professionals to assist the IAEA in preparing the many operational
procedures required for the ERS has been supplied by some Member States al the IAEA's request. The
preparation of these procedures is essential for the full implementation of the ERS.

13.4. PRACTICAL AND MEDICAL ASPECTS OF ACCIDENTAL OVEREXPOSURE - LESSONS LEARNED FROM CHERNOBYL

13.4.1. Introduction

Serious accidental whole body irradiations are rare. In the world, about 250 accidents have
been registered, involving 1 200 individuals, with 600 severe overexposures, killing 66 persons [13-1].
Between the forties and the sixties most of the severe accidents related to overexposure were due to
criticality, which has been responsible of eight deaths. Since then, only one has happened, in 1983
(Argentina), resulting in one death. The most frequent accidents are obviously related to sealed
sources; loss of control caused about 50 victims with severe consequences, with 27 fatal outcomes.
The Chernobyl accident resulted in 31 deaths including three extra radiation deaths.
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TABLE 13.1. RELATIONSHIP OF PLANNING, PROCEDURAL AND OPERATIONAL DOCUMENTS
RELATED TO THE IMPLEMENTATION OF THE CONVENTIONS ON EARLY NOTIFICATION OF A
NUCLEAR ACCIDENT AND ON EMERGENCY ASSISTANCE IN THE CASE OF A NUCLEAR ACCIDENT
OR RADIOLOGICAL EMERGENCY

States Parties to the Convention

IAEA Member States

Relevant international organizations Relevant international organizations

Nuclear Accident Radiological Emergency Assistance and Emergency Notification Assistance Technical

Plan (NAREAP) Operations Manual (ENATOM)

Emergency Procedures Handbook (internal)

13.4.2. Medical treatment

A severely irradiated casualty is an individual who has received a dose of a level such as to
endanger his life. The response of each organ or tissue to irradiation depends on its own sensitivity
to radiation; three systems are particularly critical, owing to the seriousness of the resulting syndrome:
the bone marrow, the digestive system, the central nervous system, in the dose ranges of 3-10 Gy,
10-15 Gy and over 50 Gy, respectively (5,6). Consequently, the medical treatment of irradiated victims
is schematically similar to the treatment of diseases resulting directly or indirectly into aplasia [13.7].
This type of treatment has been improved since about 20 years, as general knowledge and specific
techniques have been widely developed during that period. The irradiation of the intestine with doses
of more than 6 Gy results, within two weeks, in a serious digestive syndrome, the main complications
of which are perforation, invagination and occlusion. The irradiation of the brain with doses higher
than several tens of Gy can kill the patient in a few days. When doses are lower, the neurological
symptoms are transitory and are mainly due to cerebral oedema.

The survival of a radiation victim depends mainly on (1) the level of the absorbed dose to vital
sensitive organs, (2) the distribution of irradiation within the body and (3) its distribution in time.
These parameters represent the basis for discussing diagnosis, prognosis and treatment. As with any
damage to the bone marrow, priority when treating severely irradiated victim must go to preventing
and curing the consequences of the insufficient production of the damaged blood cell lines. In addition
to dealing with haematopoietic deficiency, the adjacent part of treatment are the prevention and
treatment of subsequent infection and maintaining a correct nutritive balance.

Prognosis is based on clinical signs which reflect the extent to which to various sensitive
systems are affected:

brain: headache, obnubilation, Or even coma and neurovegetative dysfunctions, irregular
electro-encephalogram;
intestine: nausea, stomach pains, diarrhoea, digestive complications;
blood: (a) platelet deficiency with the outward symptoms of haematomata, petechiae,
ecchymoses and haemorrhaging, (b) anaemia with the external symptoms of pallor, dyspnea
and tachycardia, (c) leukocyte deficiency with local or generalized superinfection or even
septicaemia.

Nevertheless, it should never be forgotten that an irradiated victim cannot be directly
compared with a patient whole body irradiated for medical reasons; otherwise there are great risks to
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assess a wrong prognosis and to take wrong therapeutic decisions, involving severe consequences for
the patient [13.8].

13.4.3 Practical aspects

Dose level. The whole body dose which kills 50% of victims within two months lies between
2.5 and 5 Gy [13.9, 13.10]. Because of the sharp slope of the dose-effect response curve, the
differences in dose separating probable survival from more or less certain death is small and
corresponds roughly to a factor of about 2 [13.11]. A schematic example is given in Figure 13.1. Such
a curve will show a translation motion towards lower or higher doses in relation to individuals
parameters such as sex, age, state of health, protraction or fractionation of the exposure. Consequently,
the assessment of the dose and the sorting of patients into classes of exposure, injury and/or disease
should be performed promptly, especially if large groups are involved.

LETHALITY

10 —

1 2 3 4 5
Absorbed dos« to bone marrow (Gy)

FIG. 13.1. Dose-response curve for early mortality after total body exposure to low LET radiation.

After the Chernobyl accident, the initial triage was based on simple concepts, such as speed
of appearance and intensity of the first clinical signs, vomiting, diarrhoea, erythaema, and of the first
haematological symptoms. This approach showed to be sufficient and efficient [13.4]. The diagnosis
of Severe Acute Syndrome was confirmed within the first two days for the majority of the victims.
Among the 115 victims hospitalized in Moscow, 99 were admitted before the 2nd day, 6 between the
2nd and the 5th day, and 10 later. During the first week, estimates of the mean absorbed dose to the
bone marrow were calculated mainly from the peripheral blood lymphocyte counts; in the most severe
cases these estimates were also calculated from the number of chromosome aberrations, but less
accurately. During this period, special attention was devoted to the victims suspected of having
received lethal doses. For these patients, additional criteria were used to evaluate the degree of
severity: early vomiting (first half-hour), early diarrhoea (first 2 hours) and parotid swelling (2 days
after exposure). The status of victims by degree of severity is given in Table 13.2.

By this means it should be possible to classify at least into two categories, of less or more than
2 Gy. In the early stage, the urgency does not relate to the therapy but to the diagnosis as some
essential actions have to be taken, such as blood sampling for biological dosimetry and for HLA
typing. In a second step, based on haematological findings, it will be possible within 2 or 3 days to
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TABLE 13.2. STATUS OF THE CHERNOBYL VICTIMS WITH ACUTE RADIATION SYNDROME

Group

I

II

III

IV

Dose (Gy)

1-2

2-4

4-6

above 6

Hospitalized

Moscow

31

43

21

20

115

Kiev

109

12

0

J_

122

Total

140

55

21

21

Deaths

Moscow

0

1

7

19

27

Kiev

0

0

0

J_

1

Total

0

1

7

20

28*

Plus three early deaths (burns, trauma and during evacuation) adapted from Guskova, 1987.

classify the victims more accurately in the categories above 2 Gy [13.12]. A third step, based on
cytogenetic analysis, neurophysiological response, physical dosimetry, specific techniques such as bone
marrow exploration, stem cells cultures, will confirm the early classification and provide valuable
information for the therapeutic decisions [13.5].

Space distribution of the dose. Irradiation is never uniform in an accidental situation. The
mean dose reflects an average level but areas which have been heavily exposed are critical points
which can exacerbate the clinical pattern [13.13]. The heterogeneity of irradiation is a very important
factor, because it determines whether spontaneous medullary repair can take place or whether a bone
marrow transplant is advisable. Even a few, small isolated patches of marrow which have received
doses of less than 2 Gy will be enough for the repopulation of heavily irradiated areas. Repopulation
will be possible only if the stroma and micro environment have not been destroyed by excessively high
doses. Therefore, the first question to answer is to evaluate with the best accuracy the degree of
heterogeneity of the exposure, as it will influence the therapeutic decisions. The various means to
assess the relative uniformity or non uniformity are:

(1) the physical reconstruction of the accident which gives the best information,
(2) the Gaussian or non Gaussian distribution of the chromosome aberrations,
(3) bone marrow punctions in various territories, and
(4) medullary scintigraphy coupled with medullary incorporation of 59Fe [13.14].

The ferrokinetics (external counting which study the red lines differentiated compartment) may
provide valuable information on the erythropoietic activities in various areas of the bone marrow. It
is possible to evaluate the hyperplasia of the less irradiated territories, as it has been shown that after
extended field therapy, hyperplasia of the non-irradiated bone marrow is the earliest and dominant
recovery mechanism [13.15].

It should be reminded that an empty bone marrow cannot be considered as an absolute poor
prognosis indicator. The evaluation of the regeneration capability can only be based on very specific
techniques. Cell cultures of Granulocyte Macrophage Colony Forming Cells (GM-CFC), of Erythroid
Burst Forming Units (BFU-E), as well as Pluripotent Haemopoietic Progenitors (CFU-GEMM) and
Stromal Cells Colony Forming Units (CFU-F) will provide information on the regeneration capability
among the different areas affected. In particular, the cultures may demonstrate the re-population of the
most irradiated territories by stem cells originating from less irradiated ones, although this mechanism
remains debatable in man [13.16]. In addition, as in situ regeneration from surviving cells and stroma
cells is highly probable, the exploration of CFU-F (although that biological significance in vivo
remains questionable), may represent an additional indicator 1151. Anyhow, CFU-F are less
radiosensitive than stem cells and their radiosensitivity is dose rate independent.
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Therapeutic decisions. Substitution therapy is the appropriate treatment to correct disorders
connected with anemia and thrombopenia. The transfusions techniques are now well codified and their
risks should be kept at an acceptable level. Haemoglobin must be kept at a level which makes it
possible to remedy disorders due to anoxia limit approximately 7 to 8 g/100 ml. There is a distinct
risk of haemorrhage once the level of platelets drops below 50000/|j.l. It is a major risk below
10000/fJ.l. Platelet transfusions are carried out if these values are reached and in the event of a
haemorrhagic syndrome, which may be revealed by haemorrhagic blisters, haemorrhages at the back
of the eye, haemorrhaging in the skin or mucous membranes or visceral haemorrhages. A complete
check must be made before the transfusion in order to reduce the risk of immunological complications,
this includes determining or confirming ABO groups, the rhesus factor together with the complete
phenotype in other blood group systems and tests for irregular agglutinihs and the HLA complex. The
transfusion products consist of phenotyped packed red cells with a low leukocyte content and with
compatible HLA platelets from a single donor. One red cell pack must contain at least 45 y of
haemoglobin. The frequency of transfusions varies with the daily readings of blood counts, the purpose
being to maintain a level above that at which anaemia or haemorrhages could occur.

In the Chernobyl accident, treatment was essentially based on the general principles of
supportive therapy: isolation, gut sterilization, antibiotherapy and blood cell component transfusions
[13.18]. In all patients with doses higher than 2 Gy, transfusion of red cells and platelets was carried
out. Many packed red cell transfusions were necessary (the number of these transfusions was larger
than anticipated), even in patients without combined injuries. The use of fresh human platelets was
effective for the prevention and treatment of bleeding.

For patients who evidently developed an irreversible myelodepression, transplantations of
allogeneic bone marrow or, when not possible, of foetal liver, were decided. The Soviet medical team,
headed by Professor Angelina Guskova, was advised by Dr. Robert Gale, Chairman of the Advisory
Committee of the International Bone Marrow Transplant Registry [13.18]. Transplantation of
allogeneic bone marrow or human foetal liver cells was considered when the dose was of the order
of 6 Gy or above. This decision concerned 19 patients, among whom six foetal liver transplantations
could only be foreseen because of the difficulties in finding donors and in patient typing. The actual
results of these transplantations are shown in Table 13.3. Whatever the type of transplantation, all
victims with radiation skin burns died during the first month. Of the six patients, without combined
injury, two survived, after the bone marrow transplantations; they rejected a partially functioning graft
after one month. Details of the bone marrow transplantation experience are given in Table 13.4.

The two general conclusions following the experience with transplantation of allogenous bone
marrow in the Chernobyl accident are [13.3]:

In radiation accidents the proportion of patients in whom a transplantation of allogenous bone
marrow is indicated and for whom this treatment will obviously be beneficial is very small;

With reversible break down of myelopoiesis caused by doses ranging from about 6 to 8 Gy,
a transplant may 'take', but this taking will always have a negative effect in therapeutic terms,
and even endangers life as a result of the high risk of secondary disease developing.

These conclusions were confirmed by Robert Gale (19)

In the absence of reliable external physical dosimetry and biological extrapolations, the value
of allogeneic bone marrow transplantation as a life saving procedure is questionable;

State-of-the-art antibiotic therapy, platelet, blood and serum (gamma-globulin) transfusions,
and good hospital nursing practices produce remarkable amelioration of the acute
haematopoietic syndrome in even the estimated 6 to 10 Gy total body irradiation range.
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Robert Gale added another conclusion later [13.20]:

Bone marrow transplants will be useful only in a small proportion of victims of radiation
accidents, probably those receiving doses exceeding 8 Gy.

All patients with an estimated dose higher than 2 Gy to the bone marrow were hospitalized
with rigorous conditions of asepsis (sterilized air, frequent change of linen, antiseptic washing of walls
and floor, etc.). Attending personnel followed techniques of reverse isolation. The quality of the
isolation was checked by frequent bacteriological controls of the environment. The diet was kept
normal, with the exclusion of fresh fruits, vegetables and preserves. The prevention of endogenous
infections was systematically performed with antiseptics and antifungal agents, and was started well
before the development of aplasia. A more intensive antibiotic treatment was started as soon as a fever
developed, with the addition in the most severe cases of human gamma-globulin. As about 15 patients
had herpetic lesions, an anti-viral drug was used and showed to be effective; this effectiveness raises
the problem of such a treatment given as a systematic prophylaxis.

In conclusion, the indication for transplanting bone marrow to a radiation casualty rests on:

(1) High doses received by all medullary areas and which are incompatible with spontaneous
recovery;

(2) The absence of any relatively protected areas (less than 4 Gy) which could provide a basis for
haematological recovery;

(3) The results of the immunological examination;
(4) A very poor general state, reflecting a very low tolerance of aplasia [13.20].

TABLE 13.3. TRANSPLANT THERAPY AFTER THE CHERNOBYL ACCIDENT

Alogeneic bone marrow
transplantation

Foetal liver cell transplantations

Total
ARS only Combined

injury
ARS only Combined

injury

Number
patients

Number
deaths

<

>

of

of

30

30

days

days

6

0

4

19

13

4

Adapted from Guskov and Baranov, 1987.

TABLE 13.4. BMT EXPERIENCE AFTER THE CHERNOBYL ACCIDENT

Dose (Gy)

>6.5

6.5-9

> 9

No.

4

3

_6_

13

Skin+GIT syndrome

0

2

_5_

7

GvH disease BM rejection infection

3

0

J_

4

Deaths

3

2

_6_

11

Adapted from Baranov, October 1988.
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If doses at these levels have been received, it must not be forgotten that the neurological and
digestive syndromes are likely to cause grave concern and to require more urgent treatment than the
haematopoietic syndrome. Tables 13.5 and 13.6 indicate the number of the Chernobyl victims who
presented a gastrointestinal syndrome and lung impairment, respectively.

TABLE 13.5. G.I.T. SYNDROME AFTER THE CHERNOBYL ACCIDENT

Dose (Gy)

6.6-10.2

8.1-16

No.

7

11

13

Intensity

moderate

severe

Onset (day)

9-10

4-8

Deaths

6

11

17

Adapted from Baranov, October 1988.

TABLE 13.6. LUNG INJURY AFTER THE CHERNOBYL ACCIDENT

Dose (Gy)

6-8

> 8

No.

6

J_

13

Clinics

{ pneumonitis
haemorr. fibrosis

{ plum, insuff.

Day

34-38

14-30

Deaths

No.

3

_4_

7

Adapted from Guskov, October 1988.

A bone marrow transplantation is indicated only if marrow punctures at different places which
are assumed to be the least damaged (following the establishment of a dose-rate contour map based
on the reconstruction of the accident) show a barren marrow after an interval of several days.
Moreover, these examinations must be backed up by medullary biopsies, stem cell cultures and blood
cell cultures which show whether or not any repair is In progress. Such examinations can provide
information about the percentage of residual bone marrow and its ability to recover a functional value.
As the results of these examinations are not known for one to two weeks, they must be carried out as
soon as possible. All the criteria for selecting the donor have now been established and the same rules
must be followed as with bone marrow transplants based on more traditional indications.

The next question is the choice of the delay between accident and transplant. If there are no
associated lesions (burns, trauma), there is no real emergency, although a prolonged aplasia increases
the risk of fungal and virus diseases. In case of wounds or burns, as the risk of infection and
haemorrhages will be exacerbated, the decision should be taken soon and the indication should cover
a wider spectrum (if compatible HLA).

Whatever the type of treatment chosen, the worst risk is the development of local or general
superinfection, mainly as a result of immune deficiency. Besides this problem, serious undernutrition
will aggravate the Acute Radiation Syndrome. All these medical problems can be solved by specialized
intensive care units, with competent personnel; it should be emphasized that, in most developed
countries, it will be perfectly feasible to deal with a few number of irradiation casualties, but very
difficult to apply heavy treatments to large groups of people.

This is why preplanning the medical response should be done in details. Its efficiency depends
upon two essential points:

(1) It should be incorporated in the usual medical planning for any catastrophic event; and
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(2) Its performances should be tested through real size exercises. It should also be noted that the
need of specialized units in haematological intensive care may imply international co-operation
and will in all cases imply extensive formation and education of all the medical personnel
involved.

Medical handling of combined injuries. Combined injury is defined as the complex
symptom shown by individuals injured with thermal burns, blast, localized radiation burns, or any
other form of trauma combined with whole body overexposure. The accidents which occurred in
Chernobyl and in Goiania illustrated the combination of the Acute Radiation Syndrome with extensive
radiation burns. In Chernobyl, burns related to beta emitters deposited on the skin and clothes
complicated severely the acute bone marrow syndrome. The distribution of cases with radiation burns
associated with aplasia is shown in Table 13.7. The distribution of the skin burns in time with their
degree of severity is given in Table 13.8. Skin lesions were observed in about half of the patients with
a radiation syndrome. All patients with doses higher than 4 Gy had skin burns. Schematically, the
more severe the aplasia, the more extensive the burns were. The most frequent localizations were the
parts of the body uncovered by clothes (face, neck and hands). Burns were undoubtedly fatal in at
least 19 of the 56 burned patients. The main cause of death can be attributed to the burns (more than
40% of the body surface) especially as victims with severe burns but without severe radiation
syndrome died with a similar clinical evolution. Death occurred between the 1 lth and 18th day after
irradiation.

TABLE 13.7. RADIATION BURNS ASSOCIATED WITH ARS AFTER THE CHERNOBYL ACCIDENT

Severity of ARS

I

II

III

IV

ARS

31

43

21

20

115

Bums

3

12

21

20

56

Burns

Body surface

0-10

2

2

3

J_

g

10-50

1

9

15

10

35

>50

0

1

3

JL
13

Adapted from [3].

TABLE 13.8. SKIN BURNS AFTER THE CHERNOBYL ACCIDENT

Time

< 3 weeks

> 3 weeks

1-40

Non-life threatening

19

27

Life

Percent

threatening

9

9

of body surface

Incompatible

20

20

with

40-100

life Total

48

56

Adapted from Guskov, Oak Ridge, October 1988.

Many patients suffered also from oropharyngeal syndrome, with acute radiation mucositis of
the mouth and pharynx. All degrees of severity could be observed, with maximum manifestation after
about 10 days and regression after about 20 days.
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From three to four months after the accident, most of the patients of Groups I and II had
recovered. Patients with severe radiation skin burns and from Groups III and IV required longer
treatment. Most of the victims had returned to work one year after the accident.

The use of early treatment of radiation burn may be justifiable following severe skin
contamination, but such considerations should respect the slower timetable of radiation burns as
compared with therm-1 burns. Anyhow, consideration should be given to earlier removal of injured
skin and replacement with autografts or cultured (or artificial) skin prior to the onset of infection of
an open wound. In the case of association of severe aplasia associated with skin burns, each affection
will complicate the other one and endanger the victim's life. The treatment should anticipate the onset
of the complications, and should avoid the coincidence in time of the acute phases of each syndrome.

Perspectives. Although the current knowledge and the general medical practice for treating
patients in aplasia may seem to be sufficient, specific developments will bring some help in the
medical handling of such patients.

As prognosis is directly related to the whole body absorbed dose, it is essential to assess this
parameter as soon as possible. The best dosimeter being the individual himself, cytogenetic analysis
represents doubtless the most accurate mean. In some cases, it will be difficult to perform these
examinations, either because of the lack of existing capabilities or because of the large number of
victims. Anyhow, the actual current techniques need a few days before obtaining reliable results. This
is why the development of other techniques even less accurate, but easier, quicker and cheaper, might
help the medical handling of such accidents, for screening purposes, especially during the first phase.
Counting of micronuclei has been suggested as a possible indicator for dose estimation, and could be
envisaged either when many people need to be checked quickly or when other techniques are not
available [13.22]. The further advantage of the micronucleus technique over the direct chromosomal
analysis is its easier automation, especially with the use of flow cytometric analysis and computerized
image analysis.

Haemopoietic growth factors, which are stimulators of proliferation and/or differentiation, are
presented as very promising. The human granulocyte macrophage colony stimulating factor (GM-CSF)
has been used in the treatment of victims from the Chernobyl and Goiania accidents [13.13, 13.4, 13.2,
13.3, 13.1]. Although it has not been possible to demonstrate its real efficiency, further investigations
should be developed, including limits and risks. The main Interests of these factors are the shortening
of the period between irradiation and autologous haemopoietic regeneration, the Increase of peripheral
blood leucocytes and platelets; a real Increase of the cellular pool has not been clearly proved. Other
factors such as more specific human stimulating factors (G-CSF, IL3...) would be soon available for
clinical trial.

Researches are now being performed with monoclonal antibodies which would allow a
temporary success of the graft, and would leave time for the spontaneous regeneration. The actual
immunological results performed after radiation accident raise the interesting question of whether the
patients have immature T-cells or expansion of a minor subset of reactive cells [13.15].

Determining histocompatibility, finding suitable donors, graft-vs-host disease are the main
problems encountered after bone marrow transplantation. These problems raise the question of the
availability of international HLA-typed donor registries or the progress needed in the use of partially
histocompatible related donors.

The important lessons from Chernobyl and Goiania accidents are: the radiation accidents are
exceedingly complex and healthy humans can survive a greater dose that currently believed. As a
general conclusion on such treatments which have nothing especially original or specific, it should be
possible to save lives of victims who have received absorbed doses to the bone marrow at levels two
or three 3 times higher than the LD 50/60 for man.
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ANNEX A

RADIATION PHYSICS - TABLES

TABLE A.I. PERIODIC CHART OF THE ELEMENTS
TABLE A.2. PHYSICAL CONSTANTS FOR BASIC PARTICLES
TABLE A.3. SELECTED RAIDOISOTOPE DATA
TABLE A.4. ALPHABETICAL LIST OF ELEMENTS
TABLE A.5. TABLE OF HALF THICKNESSES
TABLE A.6. TABLE OF METRIC EQUIVALENTS

TABLE A.I. PERIODIC CHART OF THE ELEMENTS

1
H

3
Li

11
Na

19
K

37
Rb

55
Cs

87
Fr

4
Be

12

M«

20
C*

38
Sr

56
Ba

88
Ra

21
Sc

39
Y

n
Ti

40
Zr

72

m
(KM)

23
V

41
Nb

73
Ta

(105)

24
Cr

42
Mo

74
W

25
Mn

43
Tc

75
Re

26
Fe

44
Ru

76
Os

27
Co

45
Rb

77
Ir

28
Ni

46
Pd

78
Pt

29
Cu

47
A«

79
Ao

30
Zu

48
Cd

80
Hg

5
B

13
Al

31
Ga

49
In

81
TI

6
C

14

a
32
Ge

50
So

82
Pb

7
N

15
P

33
As

SI
Sb

83
Bi

8
O

16
S

34
Se

52
Te

84
Po

9
F

17

a
35
Br

53
I

85
Al

2
He

10
Ne

18
Ar

36
Kr

54
Xe

86
Rn

•Lanthanide
Series

tActinkfc
Series

57
La

5S
O

59
Pr

60
Nd

61
Pra

62
Sm

63
Eu

64
Gd

65
Tb

66 67
Ho

68
Er

69
Ttn

70
Yb

71
Lu

89
Ac

90
T«

91
Pa

92
U

93
Np

94
Pu

95
Am

96
Cm

97
Bk

98
cr

99
Es

100
Fm

101
Md

102
No

103
Lr

The periodic table in which the elements are arranged in order of increasing atomic weights (with a few
exceptions). Elements with similar properties occur in the same vertical column.
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TABLE A.2. PHYSICAL CONSTANTS FOR BASIC PARTICLES

Particle Symbol Mass (gram) Mass (AMU)* Charge

Electron

Proton

Neutron

Alpha

Positron

e-, P-

P

n

a

P+

9.1083 x 10'28

1.6724 x 10"24

1.6747 x 10"24

6.6437 x 10"24

9.1083 x 10"28

0.0005

1.0076

1.0090

4.0028

0.0005

-1

+1

0

+2

+ 1

* Neutral atom of carbon12 + 12 AMU; one AMU = 1.6604 xlO"24 gram.

TABLE A.3. SELECTED RADIOISOTOPE DATA

Radioisotope Half life Principal photon energies
(keV)

Specific gamma ray
constant R/hr per curie at

1 meter

Caesium 137

Cobalt 60

Iridium 192

Thulium 170

Ytterbium 169

30 y

5.3 y

74d

134d

32d

662

1173, 1332

311, 468, 603

84, Yb x rays

63, 110, 131
177, 198, 308
Tm x rays

0.32

1.30

0.55

0.0014

0.125

American National Standards Institute Standard N432 has proposed a value of 0.48(R m2)/(hr Ci) for the specific gamma
ray constant for Iridium 192.
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TABLE A.4. ALPHABETICAL LIST OF ELEMENTS

Element

Actinium

Aluminum

Americium

Antimony

Argon

Arsenic

Asatine

Barium

Berkelium

Beryllium

Bismuth

Boron

Bromine

Cadmium

Calcium

Californium

Carbon

Cerium

Caesium

Chlorine

Chromium

Cobalt

Copper

Curium

Dysprosium

Einsteinium

Symbol

Ac

Al

Am

Sb

Ar

As

At

Ba

Bk

Be

Bi

B

Br

Cd

Ca

Cf

C

Ce

Cs

Cl

Cr

Co

Cu

Cm

Dy

Es

Element

Erbium

Europium

Fermium

Fluorine

Francium

Gadolinium

Gallium

Germanium

Gold

Hafnium

Helium

Holmium

Hydrogen

Indium

Iodine

Iridium

Iron

Krypton

Lanthanum

Lawrencium

Lead

Lithium

Lutetium

Magnesium

Manganese

Mendelevium

Symbol

Er

Eu

Fm

F

Fr

Gd

Ga

Ge

Au

Hf

He

Ho

H

In

I

Ir

Fe

Kr

La

Lr

Pb

Li

Lu

Mg

Mn

Md

Element

Mercury

Molybdenum

Neodymium

Neon

Nepunium

Nickel

Niobium

Nitrogen

Nobelium

Osmium

Oxygen

Palladium

Phosphorus

Platinum

Plutonium

Polonium

Potassium

Praseodymium

Promethium

Protactinium

Radium

Radon

Rhenium

Rhodium

Ribidium

Ruthenium

Symbol

Hg

Mo

Nd

Ne

Np

Ni

Nb

N

No

Os

0

Pd

P

Pt

Pu

Po

K

Pr

Pm

Pa

Ra

Rn

Re

Rh

Rb

Ru

Element

Samarium

Scandium

Selenium

Silicon

Silver

Sodium

Strontium

Sulfur

Tantalum

Technetium

Tellurium

Terbium

Thallium

Thorium

Thulium

Tin

Titanium

Tungsten
(Wolfram)

Uranium

Vanadium

Xenon

Ytterbium

Yttrium

Zinc

Zirconium

Symbo
1

Sm

Sc

Se

Si

Ag

Na

Sr

S

Ta

Tc

Te

Tb

Tl

Th

Tm

Sn

Ti

W

U

V

Xe

Yb

Y

Zn

Zr
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TABLE A.5

I r -

Co-

. HALF-VALUE

192

• 60

LAYERS (cm)

Lead

0.5

1.3

Iron

1.3

2.0

Concrete

4.3

6.0

TABLE A.6.

Metric conversions

1 meter = 3.281 feet

1 centimeter = 0.3937 inch

1 kilogram = 2.205 pounds

1 gram = 0.0353 ounce

1 foot = 0.348 meter

1 inch = 2.54 centimeters

1 pound = 0.4536 kilogram

1 ounce = 28.35 grams

Standard international units

1 Roentgen (R) = 0.000258 Coulomb/kilogram air

1 rad = 0.01 Gray (Gy) = 0.01 Joule/kilogram

1 rem = 0.01 Sievert (Sv) = 0.01 Joule/kilogram

1 curie = 3.7 x 10'° Becquerels
= 3.7 x 1010 disintegrations/second

1 Gray = 100 rad

1 Sievert = 100 rem

1 Becquerel = 1 disintegration/second (Bq)
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ANNEXB

RADIATION PHYSICS - FIGURES

FIGURE B.I.
FIGURE B.2.
FIGURE B.3.
FIGURE B.4.
FIGURE B.5.
FIGURE B.6.
FIGURE B.7.
FIGURE B.8.
FIGURE B.9.
FIGURE B. 10.
FIGURE B.I 1.

Decay Scheme of 192Ir
Decay Scheme of 60Co
Decay of 192Ir
Decay of 60Co
Attenuation of Gamma Rays from 192Ir, 137Cs and 60Co in Lead
Attenuation of Gamma Rays from 192Ir, 137Cs and 60Co in Iron
Attenuation of Gamma Rays from 192Ir, 137Cs and 60Co in Concrete
Attenuation of Gamma Rays from 192Ir, 137Cs and 60Co in Tungsten
Attenuation of Gamma Rays from 192Ir, 137Cs and 60Co in Uranium
Radiation Intensity as a Function of Distance for l92Ir
Radiation Intensity as a Function of Distance for 60Co

Iridium192

Ir192(74d) - :0.670

1.202

FIG. B.I. Decay scheme ofl92lr.

CobaJt60

- :0.314

.01%

FIG. B.2. Decay scheme of60 Co.
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FIG. B.3. Decay of l92Ir.



FIG. B.4. Decay of60 Co.



FIG. B.5. Attenuation of gamma rays from l92Ir, I3'Cs and 60Co in lead.



FIG. B.6. Attenuation of gamma rays from 192Ir, l37Cs and 60Co in Iron.



FIG. B. 7. Attenuation of gamma rays from mIr, l37Cs and 60Co in Concrete.



FIG. B.8. Attenuation of gamma rays from l92Ir, I37Cs and 60Co in Tungsten.



FIG. B.9. Attenuation of gamma rays from I92Ir, l37Cs and 60Co in Uranium.



FIG. B.10. Radiation intensity as a function of distance for 192Ir.



FIG. B.I I. Radiation intensity as a function of distance for 60Co.



ANNEX C

GLOSSARY

Activity:

Activation:

Atom:

Atomic mass:

Atomic
number:

Atomic
weight:

Attenuation:

Attenuation
factor:

Barriers,
protective:

Beam:

Becquerei:
Beta
particle:

Byproduct
material:

Calibration:

Capture,
electron:

The quantity A for an amount of radionuclide in a given energy state at a given time,
defined as A = dN/dt where dN is the expectation value of the number of spontaneous
nuclear transformations from the given energy state in the time interval dt.

The production of radionuclides by irradiation.

A particle of matter indivisible by chemical means. It is the smallest part of an
element which still contains the chemical properties of that element.

The mass of a neutral atom of a nuclide, usually expressed in terms of 'atomic mass
units'. The 'atomic mass unit' is one-twelfth the mass of one neutral atom of carbon-
12; equivalent to 1.6604 x 10"24 g.

The number of protons in the nucleus of an atom and also its positive charge. Each
chemical element has its characteristic atomic number.

The weighted means of the masses of the neutral atoms of an element expressed in
atomic mass units.

The process by which a beam of radiation is reduced in intensity when passing
through some material. It is the combination of absorption and scattering processes
and leads to a decrease in flux density of the beam when projected through matter.

A measure of the opacity of a layer of material for radiation traversing it; the ratio of
the incident intensity to the transmitted intensity. It is equal to Io/I, where Io and I are
the intensities of the incident and emergent radiation, respectively.

Barriers of radiation-absorbing material such as lead, concrete, and plaster, used to
reduce radiation exposure.

A unidirectional or approximately unidirectional flow of electromagnetic radiation or
of particles.

The SI unit of activity is the reciprocal second (s1), termed the becquerei (Bq).

Charged particle emitted from the nucleus of an atom, with a mass and charge equal
in magnitude to that of the electron.

Any radioactive material (except source or fissionable material) obtained during the
production or use of source or fissionable material. This includes radioisotopes
produced in nuclear reactors.

Determination of variation from standard, or accuracy, of a measuring instrument to
ascertain necessary correction factors.

A mode of radioactive decay involving the capture of an orbital electron by its
nucleus. Capture from a particular electron shell is designated as 'K-electron capture',
'L-electron capture,' etc.
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Cataract:

Cathode:

Cell:
Chamber,
ionization:

Chamber,
pocket:

A clouding of the crystalline lens of the eye which obstructs the passage of light.

Negative electrode; electrode to which positive ions are attracted.

(Biological) The fundamental unit of structure and function in organisms.

An instrument designed to measure a quantity of ionizing radiation in terms of the
charge of electricity associated with ions produced within a defined volume.

A small pocket-sized ionization chamber used for monitoring radiation exposure of
personnel. Before use it is given a charge and the amount of discharge is a measure
of the radiation exposure.

Collimator: A device for confining the elements of a beam within an assigned solid angle.
Collimators should be used with radiograph equipment where possible to minimize
radiation in unwanted directions. This reduces exposure to personnel.

Compton
effect: An attenuation process observed for x or gamma radiation in which an incident photon

interacts with an orbital electron of an atom to produce a recoil electron and a
scattered photon of energy less than the incident photon.

Contamination,
radioactive: Deposition of radioactive material in any place where it is not desired particularly

where its presence may be harmful.

Control units: Are used by radiographers at a distance to move the source by means of a flexible
drive cable out of the projector through guide tubes to the exposure position. Hand
operated units are commonly used, but an automatic exposure controller is available
also, which can be operated from a greater distance and allows preset timing and
automatic retrieval.

Cosmic rays: High-energy particulate and electromagnetic radiation which originate outside the
earth's atmosphere.

Count (radiation
measurements): The external indication of a device designed to enumerate ionizing events. It

may refer to a single detected event or to the total number registered in a
given period of time. The term often is erroneously used to designate a
disintegration ionizing event or voltage pulse.

Counter,
Geiger-Muller:

Counter,
scintillation:

Counting
ratemeter:

Cumulative
Dose:

Curie:

Highly sensitive gas-tilled radiation-measuring device. It operates at voltages
sufficiently high to produce avalanche ionization.

The combination of phosphor, photomultiplier tube, and associated circuits for
counting light emissions produced in the phosphors.

An instrument which gives a continuous indication of the average rate of ionizing
events.

The total dose resulting from repeated exposures to radiation.

Old unit of activity (abbreviated Ci). One curie equals 3.7 x 1010 Bq (disintegrations
per second)
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Decay curve: A curve showing the relative amount of radioactive substance remaining after any
time interval.

Decay
product: A nuclide resulting from the radioactive disintegration of a radionuclide, formed either

directly or as the result of successive transformations in a radioactive series. A decay
product may be radioactive or stable.

Decay,
radioactive: Disintegration of the nucleus of an unstable nuclide by spontaneous emissions of

charged particles and/or photons.

Densitometer: Instrument utilizing a photocell to determine the degree of darkening of developed
photographic film.

Density:

Detector,
radiation:

Dose:

Dose rate:
Dose
ratemeter:

Dosimeter:

Dosimetry,
photographic:

Efficiency
(counters):

(Photographic): Used to denote the degree of darkening of photographic film.
Logarithm of opacity of exposed and processed film. Opacity is the reciprocal of
transmission; transmission is the ratio of transmitted to incident intensity.

Any device for converting radiant energy to a form more suitable for observation. An
instrument used to determine the presence, and sometimes the amount, of radiation.

A general form denoting the quantity of radiation or energy absorbed. For special
purposes it must be appropriately qualified. If unqualified, it refers to absorbed dose.

Absorbed Dose: The fundamental dosimetric quantity D, defined as D = de/dm
where ds is the mean energy imparted by ionizing radiation to matter in a volume
element and dm is the mass of matter in the volume element. The energy can be
averaged over any defined volume, the average dose being equal to the total energy
imparted in the volume divided by the mass in the volume. The SI unit of absorbed
dose is the joule per kilogram (j kg"1), termed the gray (Gy) (the old unit of absorbed
dose is the rad).

Equivalent Dose: The quantity H defined as H = DT WR where DT is the absorbed
dose delivered by radiation type R averaged over a tissue or organ T and WR is the
radiation weighting factor for radiation type R. When the radiation field is composed
of different radiation types with different values of WR, the equivalent dose is:
H = ZRWR DT The unit of equivalent dose is J kg"1 , termed the sievert (Sv).

Effective Dose: The quantity E, defined as a summation of the tissue equivalent
doses , each multiplied by the appropriate tissue weighting factor is E = £T WT HT

where HT is the equivalent dose in tissue T and WT is the tissue weighting factor for
tissue T. The unit of the effective dose is J kg"1 , termed the sievert (Sv).

Absorbed dose delivered per unit time.

Any instrument which measures radiation dose rate.

Instrument to detect and measure accumulated radiation exposure. In common usage,
a pencil-size ionization chamber with a self-reading electrometer, is used for personnel
monitoring.

Determination of cumulative radiation dose with photographic film and density
measurement.

A measure of the probability that a count will be recorded when radiation is incident
on a detector. Usage varies considerably, so it is well to ascertain which factors
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(window transmission, sensitive volume, energy dependence, etc.) are included in a
given case.

Electron: A stable elementary particle having an electric charge equal to ± 1.60210 x 10"19 C,
and a rest mass equal to 9.1091 x 10"3' kg.

Secondary Electron: An electron ejected from an atom, molecule, or surface as a
result of an interaction with a charged particle or photon.

Electron volt: A unit of energy equivalent to the energy gained by an electron in passing through a
potential difference of one volt. Larger multiple units of the electron volt are
frequently used: keV for thousand or kilo electron volt; MeV for million or mega
electron volts (abbreviated: eV, 1 eV = 1.6 x 10"12 erg).

Electroscope:

Element:

Epilation
(depilation):

Erythema:

Excitation:

Exposure:

Film badge:

Film ring:

Frequency:

Gamma ray:

Gas
amplification:

Geiger
region:

Instrument for detecting the presence of electric charges by the deflection of charged
bodies.

A chemical substance which cannot be divided into simpler substances by chemical
means. A substance whose atoms all contain the same number of protons.

The temporary or permanent removal or loss of hair.

An abnormal redness of the skin due to distention of the capillaries with blood. It can
be caused by many different agents—heat, drugs, ultra-violet rays, ionizing radiation.

The addition of energy to a system, thereby transferring it from its ground state to an
excited state. Excitation of a nucleus, an atom, or a molecule can result from
absorption of photons or from inelastic collisions with other particles.

The act or condition of being subject to irradiation. Exposure can be either external
exposure (irradiation by sources outside the body) or internal exposure (irradiation by
sources inside the body). Exposure can be classified as either normal exposure or
potential exposure; either occupational, medical or public exposure; and, in
intervention situations, either emergency exposure or chronic exposure. The term
exposure is also used in radiodosimetry to express the amount of ionization produced
in air by ionizing radiation.

A pack of photographic film which measures radiation exposure for personnel
monitoring. The badge may contain two or three films of differing sensitivity and
filters to shield parts of the film from certain types of radiation.

A film badge in the form of a finger ring.

Number of cycles, revolutions or vibrations completed per unit of time (See Hertz).

Short wavelength electromagnetic radiation (range of energy from 10 keV to 9 MeV)
emitted from the nucleus.

As applied to gas ionization radiation detecting instruments, the ratio of the charge
collected to the charge produced by the initial ionizing event.

In an ionization radiation detector, the operating voltage interval in which the charge
collected per ionizing event is essentially independent of the number of primary ions
produced in the initial ionizing event.
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Geiger
threshold:

Gene:

Genetic effect
of radiation:

Genetics:

The lowest voltage applied to a counter tube for which the number of pulses produced
in the counter tube is essentially the same, regardless of a limited voltage increase.

Fundamental unit of inheritance which determines and controls hereditarily
transmissible characteristics. Genes are arranged linearly at definite locations on
chromosomes.

Inheritable change, chiefly mutations produced by the absorption of ionizing
radiations. On the basis of present knowledge (these effects are purely additive); there
is no recovery.

The branch of biology dealing with the phenomena of heredity and
variation.

Ground state: The state of a nucleus, atom, or molecule at its lowest energy. All other states are
'excited'.

Guide tubes:

Half-life,
radioactive:

Half value
layer (HVL):

Heredity:

Hertz:

Hot cell:

Intensity:

Interlock:

Ion:

Ionization:

Ionization
density:

Ion pair:

are connected to a projector exit port and guide the source out of the projector to the
exposure position or 'focal point' for radiographic exposure. They are normally
supplied as a set of three tubes with radiography equipment.

Time required for a radioactive substance to lose 50 percent of its activity by decay.
Each radionuclide has a unique half-life.

The thickness of a specified substance which, when introduced into the path of a
given beam of radiation, reduces the exposure rate by one-half.

Transmission of characteristics and traits from parent to offspring.

Unit of frequency equal to one cycle per second.

A heavily shielded enclosure for handling and processing (by remote means or
automatically) or storing highly radioactive materials.

Amount of energy per unit time passing through a unit area perpendicular to the line
of propagation at the point in question.

A device, usually electrical and (or) mechanical, to prevent activation of a control
until a preliminary condition has been met, or to prevent hazardous operations. Its
purpose usually is safety.

Atomic particle, atom, or chemical radical bearing an electrical charge, either negative
or positive.

The process by which a neutral atom or molecule acquires a positive or negative
charge.

Number of ion pairs per unit volume.

Two particles of opposing charge, usually referring to the electron and positive atomic
or molecular residue resulting after the interaction of ionizing radiation with the
orbital electrons of atoms.

Irradiation: Exposure to radiation.

395



Kilo electron
volt (keV):
Latent
period:

Leak test:

Lethal dose:

Leukaemia:

Isotopes: Nuclides having the same number of protons in their nuclei, and hence the same
atomic number, but differing in the number of neutrons, and therefore in the mass
number. Almost identical chemical properties exist between isotopes of a particular
element. The term should not be used as a synonym for nuclide.
Stable isotope: A non-radioactive isotope of an element.

One thousand electron volts, 103 eV.

The period or state of seeming inactivity between the time of exposure of tissue to an
injurious agent and response.

A test on sealed sources to assure that radioactive material is not being released.

A dose of ionizing radiation sufficient to cause death. (LD-50)30 is the dose required
to kill 50 percent of the individuals exposed within thirty days.

A disease in which there is great overproduction of white blood cells, or a relative
overproduction of immature white blood cells, and great enlargement of the spleen.
The disease is variable, at times running a more chronic course in adults than in
children. It is almost always fatal. It can be produced in some animals by long
continued exposure to low doses of ionizing radiation.

The material equivalent of energy-different from weight in that it neither increases nor
decreases with gravitational force.

The number (A) of nucleons (protons and neutrons) in the nucleus of an atom .

The sum of all physical and chemical processes by which living organized substance
is produced and maintained and by which energy is available for use by the organism.

Smallest quantity of a compound which can exist by itself and retain all properties of
the original substance.

The measurement of dose or contamination for reasons for reasons related to the
assessment or control of exposure to radiation or radioactive substances, and the
interpretation of the results.
Area monitoring: Monitoring of the radiation level or contamination of a particular
area, building, room or equipment. Some laboratories or operations distinguish
between routine monitoring and survey activities.
Personnel monitoring: Monitoring any part of an individual, his breath, or
excretions, or any part of his clothing.

Mutation: Alteration of the usual hereditary pattern, usually sudden.

Nucleon: Common name for a constituent particle of the nucleus. Applied to a proton or
neutron.

Nucleus: (Biological): A definitely delineated body within the cell, containing the
chromosomes.
(Nuclear): That part of an atom in which the total positive electric charge and most
of the mass is concentrated.

Nuclide: A species of atom characterized by the constitution of its nucleus. The nuclear
constitution is specified by the number of protons (Z), number of neutrons (N), and

Mass:

Mass
numbers:

Metabolism:

Molecule:

Monitoring:
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Organ:

Periodic
table:

energy content; or, alternatively, by the atomic number (Z), mass number A = (N +
Z), and atomic mass. To be regarded as a distinct nuclide, the atom must be capable
of existing for a measurable time. Thus, nuclear isomers are separate nuclides,
whereas promptly decaying excited nuclear states and unstable intermediates in nuclear
reactions are not so considered.

Group of tissues which together perform one or more definite functions in a living
body.

An arrangement of chemical elements in order of increasing atomic number. Elements
of similar properties are placed one under the other, yielding groups and families of
elements. Within each group there is a graduation of chemical and physical properties
but, in general, a similarity of chemical behavior. From group to group, however,
there is a progressive shift of chemical behavior from one end of the table to the
other.

Personal alarm
[chirper]:

Personal
dosimeters:
Photoelectric
effect:

Photon:

Positron:
Potential
difference:

Projector:

Proton:

Rad:
Radiation:

(1)

(2)

(3)

Pocket dose rate meters which give immediate audible warning of a high radiation
field are recommended safety devices.

rechargeable device worn to measure cumulative dose.

Process by which a photon ejects an electron from an atom. All the energy of the
photon is absorbed in ejecting the electron and in imparting kinetic energy to it.

A quantity of electromagnetic energy (E) whose value is the product of its frequency
(v) and Planck's constant (h). The equation is: E = hv.

Particle equal in mass to the electron and having an equal but positive charge.

Work required to carry a unit positive charge.

[Source projector, exposure device, gamma ray projector, GRP, camera]
A device used to 'project' a source to a predetermined exposure position when
required and to securely contain and shield it when it is not in use.

Elementary nuclear particle with a positive electrical charge equal numerically to the
charge of the electron and a mass of 1.007277 mass units.

The old unit of absorbed dose equal to 0.01 J/kg in any medium (see absorbed dose).

The emission and propagation of energy through space or through a material medium
in the form of waves; for instance, the emission and propagation of electromagnetic
waves, or of sound and elastic waves.
The energy propagated through space or through a material medium as waves; for
example, energy in the form of electromagnetic waves or elastic waves. The term
radiation or radiant energy, when unqualified, usually refers to electromagnetic
radiation. Such radiation commonly is classified, according to frequency, as Hertzian,
infrared, visible (light), ultra-violet, x-ray, and gamma ray. (See Photon).
By extension, corpuscular emissions, such as alpha and beta radiation, or rays of
mixed or unknown type, as cosmic radiation.

Background radiation: Radiation arising from radioactive material other than the one
directly under consideration. Background radiation due to cosmic rays and natural
radioactivity is always present. There may also be background radiation due to the
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presence of radioactive substances in other parts of the building, in the building
material itself, etc.

External radiation: Radiation from a source outside the body.

Internal radiation: Radiation from a source within the body (as a result of deposition
of radionuclides in body tissues).

Ionizing radiation: Any electromagnetic or particulate capable of producing ions,
directly or indirectly, in its passage through matter.

Monochromatic radiation: Electromagnetic radiation of a single wavelength, or
radiation in which all the photons have the same energy.

Monoenergetic radiation: Radiation of a given type (alpha, beta, neutron, gamma,
etc.) in which all particles or photons originate with and have the same energy.

Scattered radiation: Radiation which during its passage through a substance, has
been deviated in direction. It may also have been modified by a decrease in energy.

Radiation
illness: An acute disorder that follows exposure to relatively severe doses of ionizing

radiation. It is characterized by nausea, vomiting, diarrhea, blood cell changes and, in
later stages, haemorrhage and loss of hair. Large doses to the hands can cause severe
burns and may necessitate amputation.

Radioactivity: The property of certain nuclides of spontaneously emitting particles or gamma
radiation or of emitting X radiation following orbital electron capture or of undergoing
spontaneous fission.

Artificial radioactivity: Man-made radioactivity produced by particle bombardment
or electromagnetic irradiation, as opposed to natural radioactivity.
Induced radioactivity: Radioactivity produced in a substance after bombardment with
neutrons or other particles. The resulting activity is 'natural radioactivity', if formed
by nuclear reactions occurring in nature, and 'artificial radioactivity' if the reactions
are caused by man.
Natural radioactivity: The property of radioactivity exhibited by more than fifty
naturally occurring radionuclides.

Radiobiology: That branch of biology which deals with the effects of radiation on biological systems.

Radiographer: Any person who performs or personally supervises radiographic operations and who
is responsible for compliance with national regulations and conditions of license.

Radiography: Examination of the structure of materials by nondestructive methods utilizing sealed
sources of byproduct material, or electrically generated X rays.

Recombination: The return of an ionized atom or molecule to the neutral state.

Recovery
(radiobiology): The return toward normal of a particular cell, tissue, or organism after

radiation injury.

Rem: Old unit of dose equivalent.

Roentgen: Old unit of exposure to ionizing radiation.
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Sealer: An electronic device which registers current pulses received over a given time
interval.

Scattering:

Sealed
source:

Shield:

Source
changers:

Specific
activity:

Specific
gamma ray
constant:

Change of direction of subatomic particles or photons as a result of a collision or
interaction.
Compton scattering: The scattering of a photon by an electron. Part of the energy
and momentum of the incident photon is transferred to the electron and the remaining
part is carried away by the scattered photon.

A radioactive source sealed in an impervious container which has sufficient
mechanical strength to prevent contact with and dispersion of the radioactive material
under the conditions of use and wear for which it was designed.

A body of material used to prevent or reduce the passage of particles or radiation. A
shield may be designated according to what it is intended to absorb (as a gamma-ray
shield or neutron shield), or according to the kind of protection it is intended to give
(as a background, biological, or thermal shield). The shield of a nuclear reactor is a
body of material surrounding the reactor to prevent the escape of neutrons and
radiation into a protected area, which frequently is the entire space external to the
reactor. It may be required for the safety of personnel or to reduce radiation enough
to allow use of counting instruments for research or for locating contamination or
airborne radioactivity.

Source changers are used to transport new radiography sources, exchange them and
return old sources to the manufacturer.

Total activity of a given nuclide per gram of a compound, element, or radioactive
nuclide.

For a nuclide emitting gamma radiation, the product of exposure rate at a given
distance from a point source of that nuclide and the square of that distance divided
by the activity of the source, neglecting attenuation.

A sample of radioactive material, usually with a long half-life, in which the number
and type of radioactive atoms at a definite reference time is known. It may be used
as a radiation source for calibrating radiation measurement equipment.

Survey meters must be used before, during and after any source movement to measure
the radiation dose rate. Most meters currently in use are scaled in traditional units
(R/h), but new models may show SI units (Sv/h). Note that 1 sievert = 100 rem.

Evaluation of the radiation hazards incident to the production, use, or existence of
radioactive materials or other sources of radiation under specific conditions. Such
evaluation customarily includes a physical survey of the disposition of materials and
equipment, measurements or estimates of the levels of radiation that may be involved,
and sufficient knowledge of processes using or affecting these materials to predict
hazards resulting from expected or possible changes in materials or equipment.

Transmutation: Any process in which a nuclide is transformed into a different nuclide, or more
specifically, when transformed into a different element by a nuclear reaction.

Standard,
radioactive:

Survey
meters:

Survey,
radiological:
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Volt: The unit of electromotive force (1V= 1W/1A).
Voltage,
operating: As applied to radiation detection instruments voltage across the electrodes in the

detecting chamber required for proper detection of an ionizing event.
Volume,
sensitive: That portion of a counter tube or ionization chamber which responds to a specific

radiation.

Wavelength: Distance between any two similar points of two consecutive waves (X) for
electromagnetic radiation. The wavelength is equal to the velocity of light (c) divided
by the frequency of the wave (v) = c/v.
The 'effective wavelength' is the wavelength of monochromatic X rays which would
undergo the same percentage attenuation in a specified filter as the heterogeneous
beam under consideration.
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ANNEXD

EXAMPLES OF NATIONAL COMPETENT AUTHORITY IMPLEMENTATION

D-l. REGULATION OF RADIATION SOURCES IN ARGENTINA

INTRODUCTION

The first radioactive sources are introduced in the country at the beginning of the century. The
increase in the uses of radioactive sources followed the evolution of that time and their application was
restricted to the medical field.

The regulatory activities started in Argentina in 1950 with the creation of the National
Direction of Atomic Energy—now the National Commission of Atomic Energy (CNEA). Different
laws give the legal framework for the control and fiscalization of nuclear and radiological activities.

In 1958, the use of radioisotopes and ionizing radiation is regulated by law. It is established
that CNEA is the competent authority all around the country with the exception of X ray uses that are
regulated by the Ministry of Health.

The radiological safety criteria applied in Argentina have evolved according to the
recommendations of the International Commission on Radiological Protection (ICRP), and at the same
time it was introduced probabilistic criteria, in quantitative terms, for the analysis of accidental
situations.

NUCLEAR ACTIVITIES

The nuclear activities in Argentina are centered on a programme of electric energy production
based on natural uranium and heavy water reactors with plutonium recycle.

There are two nuclear power plants in operation, Atucha 1 (350 MW) from 1974, and Embalse
(500 MW) from 1984. A third facility, Atucha II (700 MW) will be operating in 1994. In addition,
operating a facility for production of fuel elements, an uranium enrichment plant, five research reactors
and three linear accelerators are in operation. A pilot plant for reprocessing irradiated fuel elements
is in an advanced state of construction.

Out of the National Commission of Atomic Energy area, there are about 15 000 licensed users
to work with radioactive material, about 200 units of telegamma therapy, about 300 radiography
equipments and about 2 000 small sources for industrial uses.

BASIC RADIOLOGICAL CRITERIA

The main objectives in radiation protection are: to keep individual exposures below
recommended limits and to reduce them further as far as it is reasonably achievable. The purpose of
the individual dose limits is to limit each individual's probability of severe harm at an acceptable level.
The extent to which doses are as low as reasonably achievable is determined by optimization of
protective efforts related to a given radiation source or practice. Radiation protection is therefore
concerned with both individual-related efforts (risk limitation) and source-related efforts (optimization
of protection).

The dose limits recommended by ICRP are intended for the total dose from all sources
(excluding natural background and medical exposures of patients). For the contribution from any one
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particular source, competent authorities are expected to set an upper bound which should only be some
fraction of the ICRP dose limit if exposure to other sources is possible. The upper bound selected by
the Argentine Authority for industrial and medical uses or radioactive material is 0.1 mSv/year.

An cc-value of 10 000 US $/man Sv was established for optimization purposes. The calculation
of the collective dose commitment is considered following the approach used by UNSCEAR.

The third conceptual problem in applying individual dose limitation relates to the potential
exposures resulting from probabilistic disruptive events.

It should be recognized that even in normal conditions, the occurrence of detrimental
biological effects is probabilistic. For radiation protection purposes, the probability of stochastic
effects, namely fatal cancer and serious genetic effects, is taken to be approximately 2 102 per sievert
of effective dose equivalent. The probability of non-stochastic effects, above the threshold increases
from zero to one, over a usually small range of doses. For example, for mortality due to the acute
radiation syndrome resulting from whole-body irradiation, the probability at less than 2 Gy is
practically zero, while it is nearly one above 6 Gy.

In the case of random events one deals with the probability of the event and with the resulting
doses in the group of individuals receiving the highest doses. Regarding radiation effects one deals,
therefore, with effects of second order stochasticity. For example, the probability of dying (risk) of
a member of the public due to a given potential disruptive event can be expressed as R = P, P 2 , where
R is the 'risk', Pj is the probability occurrence of the event which would result in a dose-H to the
member of the public under consideration, and P2 is the conditional probability of death given dose-H.

If several potential situations are taken to be possible, the risk R defined in the previous
paragraph becomes

R " E , P U • P2i

It should be realized that P2 is proportional to dose at the lower doses (where only stochastic
effects are possible), but increases steeply with whole-body dose at values above 2 Gy due to acute
non-stochastic effects.

Probability values must be assigned to the few disruptive events that are expected to cause
significant exposures if they occur. Event-three assessments will yield probability values p; for a
number of exposure situations (i) due to various sequences of events. In each exposure situation a
maximum annual dose (H;) in time and space may be identified. The simplest approach would be to
assess these maximum doses as if they occurred simultaneously in one and the same critical group.
This will overestimate the probability of harm to any given person but will grossly simplify the
assessment.

On the assumption that the maximum probability of harm committed in a year, given an
exposure situation (i), is a function of the maximum annual dose that would occur in that situation
(1^), the maximum value of the total probability of harm, R ^ , that is committed for one year can
never exceed the direct summation of the maximum values for each exposure situation:

• h)
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It is proposed that the basic objective is to ensure that the maximum individual risk of a
member of the public due to potential disruptive events in a repository does not exceed the risk due
to 'normal' radioactive releases. The order of magnitude of the upper bound suggested in previous
paragraphs (0.1 mSv in a year) corresponds to a risk of lethality of the order of 10"* in a year.
Therefore, the proposed objective can be stated as

where R ^ is the maximum value of the probability of lethality committed for one year.

If several disruptive event sequences are considered (the order of magnitude of the number
being ten), then on the average their individual risk contribution should not exceed a value Rj=10"7 in
a year. The 'acceptable' probability of occurrence of a sequence giving dose II would be ( < 1O"7

/ 1O"2 H/Sv) in the region of doses H{ where only stochastic effects can occur.

At higher dose values the 'acceptable' probability of occurrence would be < 10"7 /f(Hj), where
f(H;) is a non-linear function of dose which becomes 1 at high doses. The annual probability of
disruptive sequences yielding non-stochastic lethal doses should not exceed therefore the order of 10'7.

The procedure described above for applying individual dose limitation to probabilistic
disruptive events has been expressed by the Argentine authorities in a 'criterion curve', similar to
curves used in the probabilistic nuclear safety philosophy.

INTERVENTION LEVELS FOR CASES FOLLOWING NUCLEAR OR RADIOLOGICAL
ACCIDENTS

To comply with the safety criteria applied in Argentina, nuclear or radiological accidents with
severe consequences on the public should have very low probability of occurrence. However, if one
of these very improbable accident occurs, significant quantities of radioactive material could be
released in the environment and, therefore, significant doses in the public would be incurred.

Radiological consequences from these accidents could be minimized if efficacious
countermeasures are taken. Intervention levels are then an essential tool for decision making in each
emergency.

The criteria used in Argentina in establishing intervention levels are in accordance with ICRP,
publication 40 and IAEA Safety Series No. 72:

(a) Serious non-stochastic effects should be avoided;
(b) The risk from stochastic effects should be limited by introducing countermeasures

which achieve a positive net benefit to the individual involved, and
(c) The overall incidence of stochastic effects should be reduced as low as reasonably

achievable (ALARA) by reducing the collective dose commitment.

Intervention levels for evacuation

Based on the first criteria, the Argentine authorities have established intervention levels for
evacuation, as a countermeasure to limit the dose due to the external irradiation from the material
deposited on the ground. These intervention levels are 0.1 Sv integrated during the first six hours after
the accident, for unrestricted evacuation, and 0.1 Sv integrated in the first twenty-four hours after the
accident as a value below which no countermeasures are needed. In the middle, a case by case analysis
is required, taking into account the risk that could be avoided, and the risk introduced by the
countermeasure itself.

403



Later on, when the ground deposit has sufficiently decayed, a decision is required about areas
where re-entry would be allowed for permanent occupancy. The optimized rate of dose for re-entry
of evacuated people should be such as to minimize the sum of the remanent detriment cost and the
cost to maintain the countermeasure.

For purposes of emergency planning, cost-benefit techniques for optimizing protection have
been used for relocation decisions. As result of this analysis, the optimized time for re-entry of
evacuated people should be such that the dose rate at that time, H(0), is equal to the ratio of the cost
rate (C), for keeping evacuated an average person and the monetary value (a), assigned by the
regulatory authority to the unit of collective dose.

#(8) = -

The Argentine authorities have selected a value of equivalent to US $10 000 per man Sv for
purposes of optimization on radiation protection. The cost (additional to the usual cost of living) of
maintaining evacuated an average person is estimated in order of US $100 per month and per person.
Therefore, the optimum dose rate for deciding re-entry in Argentina will be in the order of 10"2

Sv/month.

Intervention levels for foods

Ground contamination also implies to take some decision concerning contaminated foods. A
lower intervention level was selected, below which no actions are necessary, using a cost-benefit
analysis similar to that used in case of reentry. The cost of imposing a countermeasure such as the
introduction of a ban on the consumption of a foodstuff, is taken as a first approximation, as the cost,
Cp of replacing that foodstuff at market-price. With this approximation, Cf = K x V , where K is the
foodstuff cost per unit mass or volume and V is the average consumption per person and per unit
time. The optimum solution becomes:

KV
H

In practices the intervention levels of dose are more readily compared with the results
environmental measures if derived intervention levels in terms of concentration are determined. The
above method can be used to calculate the derived intervention levels:

DIL: =
a Fd

where Fd is the dose per unit intake.

On the other hand, an upper derived intervention level that if over past the consumption is
automatically prohibited, was derived from an individual dose limit of 50 mSv a"1:

DIL - 5

Fd Vm

where Vm is the consumption rate representative of a hypothetical critical group.
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A list of DIL; and DILU for I37Cs for the principal foodstuffs consumed in Argentina are shown
in Table Dl.

Intermediate situations are resolved by a case by case analysis, taking into consideration social
and economic aspects.

TABLE Dl. Derived intervention levels for different types of foodstuff (Bq/kg)

Foodstuff

Milk

Milk products

Meat

Green vegetables

Root vegetables

Fruits

Cereals

Cs/DILu

15 000

130 000

20 000

50 000

15 000

20 000

15 000

Cs/DILi

1 800

16 000

8 500

1 300

950

1 500

900

REGULATIONS

The basic radiological safety criteria developed above are implemented through several
technical regulations. One of them, the regulation for users of radioisotopes and ionizing radiation, was
in force in 1958 and it is applied all around the country and involves all the inhabitants.

It is established that no person could produce, buy, sell, provide, import, export or use in any
way radioactive materials without the corresponding authorization of CNEA.

Two kinds of licenses are issued: general and specific. General licenses are issued: (a) to use
radioactive substances in equipment, which has been made according to CNEA requirements, (b) to
use the radioisotopes authorized by CNEA, with its limitations.

The specific licenses are extended for the uses not involved in the general licenses. These
licenses are granted whenever the final is considered in the regulation; if the equipment and facilities
of the petitioner are adequate to work safely and if the petitioner has experience in the use of
radioactive material.

The CNEA may modify or cancel an authorized license, general or specific, because of the
unfulfillment of the regulation or because the safety conditions are not appropriate.
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D-2. REGULATION OF RADIATION SOURCES IN BANGLADESH

The application of radioisotopes and radiation sources in research and development activities
in medicine, food and agriculture, industries, sterilization of medical products and appliances, etc. is
rapidly increasing in Bangladesh. The Bangladesh Atomic Energy Commission (BAEC) has taken up
a comprehensive programme in nuclear science and technology including setting up a 3 MW
TRIGAMARK-II research reactor and a 14 MeV neutron generator at Savar Atomic Energy Research
Establishment, and a 3 MeV positive Van de Graaff accelerator at Dhaka. It is also expected to
establish a nuclear power reactor at Rooppur to meet increasing power demand in the western part of
the country. Two 60Co irradiation facilities, one in Dhaka and another at Savar, are already under
operation in the country, including another one at Mymensingh which was not working for the last
five years due to some mechanical problems.

An isotope production laboratory has also been set up at Savar where radioisotopes of short
half-lives ("Tc, 46Sc and 13lI) are being produced. Several nuclear medicine centers in different parts
of the country have been working under the BAEC. A commercial irradiator (60Co) is going to be set
up at Chittagong in the private sector. A good number of deep therapy and diagnostic X ray machines,
137Cs and 60Co teletherapy units are being constantly used in the country. Both in the private and public
sectors, radioisotopes and radiation sources are being used in different industries, mainly in non-
destructive testing (NDT).

In the southern coastal region there are some areas where people are being exposed to a higher
level of background radiation (external background radiation level of about 4000 mR/year) due to the
deposition of monazite. A pilot plant has been set up at Cox's Bazar for separation of heavy minerals
from this sand deposit.

Radiation facilities/sources being used in Bangladesh are summarized as below:

A 3 MW(t) Mark II research reactor installed in 1986 by BAEC at Atomic Energy research
Establishment (AERE) Savar for carrying out research and development activities and
production of certain short-lived radioisotopes to meet local requirements, particularly in
nuclear medicine.

A large unknown number (maybe a few hundred or a few thousand) of X ray machines of
different types for medical diagnosis.

An unknown number of 225Ra, 137Cs, etc. sources located in different hospitals, industries and
other organizations.

A 3 MeV positive ion Van de Graaff accelerator installed in 1964 in Dhaka for research and
development activities.

A significant number of sealed radiation sources of varying strengths ranging from 500-50000
Ci of 60Co and 137Cs are being installed and operated in the BAEC and in medical hospitals
for research and development works, radiotherapy, food preservation and medical sterilization.

A significant unknown number of sealed 192Ir sources around 100 Ci strength are being
constantly used for non-destructive testing by BAEC, public and private firms.

A 14 MeV neutron generator at AERE for R&D work.

A considerable amount of radioisotopes including radioactive labelled compounds are used in
various research laboratories and nuclear medicine centers of BAEC,universities, research
institutes, hospitals, etc. for research and development and routine activities.
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A significant amount of thorium nitrate is being used by some private industries for gas mantle
preparation.

In short, the radioisotopes used so far in Bangladesh have been known and are being used in
research and development, medicine, food and agriculture, industries, sterilization of medical products
and appliances, etc. Namely they are as follows:

137Cs, 60Co, 90Sr, 14C, 241Am, 238U, 237Np, 51Cr, "Tc, 131I, 125I, 3H, 226Ra, 32P, 192Ir, 239Pu, 232Th,
2l0Pb, 56Fe, 109Cd, 46Sc, 252Cf, Am-Be and Ra-Be sources, etc.

The types of radiation sources and their uses in summarized forms so far identified are shown
separately.

A programme, "inventory of radioactive materials in Bangladesh" has been undertaken through
which detailed data regarding the location of the radioisotopes, their types, names and number, etc.
are being collected by BAEC in different parts of Bangladesh. After completing the inventory work,
necessary radiation protection and safety measures regarding the sources will be taken up.

Research and development (R&D) programmes, routine/services works:

The radiation protection and safety programmes which are being carried out by BAEC in order
to ensure the safety of the occupational workers, the general public and the environment are
summarized below:

Background radiation levels throughout Bangladesh and particularly in high radiation areas
(Cox's Bazar, etc.) and measurement of population radiation exposure;
Analysis of different radionuclides in environmental samples such as soil, water, air,
foodstuffs, grass and other biological samples;
Development and standardization of analytical procedures for low level radioactivity in
different samples;
Investigation on the uptake of different radionuclides for determination of "radioactive
indicator" in terrestrial and aquatic environment;
Gonadal/organ doses to radiation workers and patients due to different diagnostic X ray
procedures;
Design and development of a whole body counter and its application to internal dosimetry;
Development of curative methods for elimination of body burdens;
Research and development in radiation dosimetry for personnel monitoring;
Inventory of radioactive materials in Bangladesh;
Monitoring of environmental radioactivity in and around the research reactor site;
Radioactive waste management and investigation on related environmental problems;
Secondary standard dosimetry laboratory (SSDL);
Development of absolute air filters.

Routine/service works:

Personnel radiation monitoring services;
Radioactivity testing of food materials (both imported and exportable);
Survey, inspection and calibration of deep therapy/diagnostic X ray machines and other
gamma radiation facilities in Bangladesh;
Radiation utilization services;
Issuance of permits/licenses/no objection certificates for the procurement and transportation
of radioisotopes and radiation sources and other activities involving ionizing radiation;
Formulation of radiation protection, nuclear safety and safeguard ordinance;
Training and education in radiation protection.
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Legal status

At present, Bangladesh does not have any radiation protection ordinance/act. The draft of this
ordinance made by the BAEC and submitted to the government of the People's Republic of
Bangladesh is under active consideration by the government for its promulgation and it is expected
to be enacted in the very near future. After the promulgation of the ordinance, radiation protection
regulations, codes of practices, etc. in different areas (generally in line with the IAEA guidelines) will
be formulated and implemented with the approval of the relevant authority. However, in the absence
of the Radiation Protection ordinance, the radiation protection programmes in Bangladesh are being
carried out by BAEC as per recommendations of the international bodies like ICRP/IAEA, etc. with
some modifications relating to the local conditions (where necessary).

The present radiation protection activities are being carried out by BAEC by three laboratories
located at Dhaka, Savar and Chittagong with a scientific and technical manpower of about 37. One
Division on "Nuclear Safety and Radiation Protection (NSRP)" constituted in July 1987 is attached
to the BAEC headquarters. The prime responsibilities of the NSRP Division are:

(a) To work with the Agencies/Institutions concerned to facilitate the promulgation of the
required NSRP act/ordinance,

(b) Co-ordination and supervision of the R&D activities of BAEC in radiation protection,
(c) Liaison (on nuclear safety and radiation protection) with local and foreign agencies.

A National Nuclear Safety Committee has been formed in October 1987, with the following
main responsibilities:

To assess/review safety in installation, use, operation, maintenance of nuclear reactors and
radioactive sources and to issue permits/licenses accordingly to ensure safety of people and
the environment.
In the light of the overall needs and technological advancement, to advise and
recommend on safety to the above.
To formulate policies and guides on the safe use of radiation sources and nuclear
reactors in all national activities including education, research, production, etc.
Any other responsibilities that may be assigned.

Once the nuclear safety and radiation protection ordinance is promulgated and the
responsibility for implementing the ordinance is assigned to a relevant body, it may be possible to
carry out the different radiation protection activities throughout the country properly if provided with
adequate facilities and trained manpower. It will then also be possible to make the personnel radiation
monitoring services available to all the occupational workers in the country (which may be as high
as about 7000,mainly in the medical field) whereas, at present, only about 600 workers (all BAEC and
some non-BAEC occuxpational workers) are being covered by this service.
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D-3. REGULATION OF RADIATION SOURCES IN CANADA

INTRODUCTION

The Atomic Energy Control Board (AECB) was established in 1946 by the Atomic Energy
Control Act to control the development, application and use of nuclear energy in Canada, and to
participate on behalf of Canada in international measures to control nuclear energy. The AECB
achieves control through a comprehensive licensing system that covers all aspects of nuclear facilities
and nuclear materials. This control also extends to the import and export of nuclear materials, and it
involves Canadian participation in the activities of the International Atomic Energy Agency.

The goal of the AECB licensing system is to assure that nuclear facilities and materials are
utilized with proper consideration of health, safety, security and protection of the environment. The
system is administered with the co-operation of federal and provincial government departments in such
areas as health, environment, transport and labor.

The AEC Regulations require that any person or organization wishing to produce, mine, refine,
process, use, sell, or possess nuclear materials is required to obtain a license from the AECB. Before
issuing a license, the AECB requires from a potential licensee, sufficient information to demonstrate
that required health, safety, security and environmental protection standards will be met and
maintained, and that any wastes will be managed in a satisfactory manner. In order to exercise its
regulatory role, the AECB defines standards that must be met, assesses potential licensees' capabilities
to maintain them and once a license is issued, carries out compliance inspections to ensure that its
requirements are continually met.

RESOURCES

The Atomic Energy Control Board consists of a full time President, an ex-officio member who
is the President of the National Research Council and three other members, who are appointed by the
government for two year terms which are usually extended several times. In 1987, for example, the
Board had six meetings.

The staff of the Atomic Energy Control Board currently consists of 263 employees, 210 of
which are located at the head office in Ottawa. In addition, 23 are located at nuclear power reactor
sites, 5 at the AECB's laboratory, 10 at the Elliot Lake uranium mining area and 15 at the three
regional compliance offices. The distribution staff effort is shown in Figure D. 1.

REGULATORY RESEARCH

The AECB administers a research programme to support its regulatory activities. The objective
of the programme is to produce pertinent information that will assist the AECB in making correct,
timely and credible decisions with respect to its regulatory mandate and to augment the related
research and development programmes of the industries being regulated. Where appropriate, joint
programmes are undertaken with other government departments in order to obtain the maximum value
for money expended and to benefit from liaison with other research organizations with similar
interests. In 1990, the AECB spent $2,623 million on research as shown in Figure D.2.

REGULATIONS

In the following sections, a brief summary of the Atomic Energy Control Regulations will be
given. If precise details are needed, the regulations should be consulted for exact wording.

With the exception of industrial radiography which will be discussed later, the regulations do
not deal with specific uses of radioactive material. Only general requirements are given so the license
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FIG. D. 1. Bangladesh Atomic Energy Commission Organisation Chart.
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FIG. D.2. Proposed Organisational Arrangement
of the Nuclear Safety and Radiation Protection Division.

is used to apply the conditions needed for the specific isotope, facility and use type. In addition, the
regulations do not specify how a certain requirement will be achieved; the general requirements are
given and the licensee is responsible to implement procedures to achieve them. If the licensee is unable
to do this, a consultant can be used but it should be noted that the responsibility for compliance still
remains with the licensee.
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GENERAL

The basis of the AECB's regulatory control is stated in the AEC Act and is implemented via
the AEC Regulations. All who operate nuclear facilities, or possess nuclear materials, must conform
with the Regulations. Specifically, control is exercised over the following types of nuclear facilities:

power and research reactors
uranium mines and mills
uranium refining and conversion facilities
fuel fabrication facilities
heavy water plants
particle accelerators (above 10 MeV)
radioactive waste management facilities

The AECB also controls the use, sale and possession of the following types of nuclear
materials: prescribed substances and radioisotopes and devices or equipment containing radioactive
materials.

The Atomic Energy Control Regulations require anyone who uses, possesses, imports, exports
or sells significant quantities of radioactive material to have a license issued by the Atomic Energy
Control Board. The following are some of the exemptions which apply. No license is required if:

(1) Less than 10 kg of uranium or thorium are involved (this does not apply to uranium 233 or
235).

(2) The quantity of radioactive material in each source does not exceed a scheduled quantity and
not more than 10 sources per year are involved. The scheduled quantities for common isotopes
are listed in the regulations.

Examples are: cobalt 60 10 microcuries (370 kBq)
radium 226 0.1 microcurie (3.7 kBq)
caesium 137 10 microcuries (370 kBq)
tritium 1 millicurie (37 MBq).

(3) The device does not contain more than 10 scheduled quantities of radioactive material and has
been approved by the AECB.

DOSE LIMITS

The regulations limit the doses that atomic radiation workers and members of the public may
receive. When an atomic radiation worker, who is defined as someone who is likely to receive a dose
in excess of any dose limit for members of the public, exceeds a dose limit, he or she is removed from
work that could add significantly to their dose until the AECB approves a return to normal duties. The
return requires a request from the person and is usually processed in several weeks, unless the person
has exceeded twice a dose limit. In such cases, the AECB's medical advisor must be consulted. If the
size of the dose is not known for certain, chromosome aberration studies may be performed, but the
limit of detection is approximately 0.1 Sv to the whole body. For partial or extremity doses, such tests
are of limited usefulness.

RECORDS

Every licensee is required to keep the records on the form and quantity of radioactive material,
full particulars of all disposal, the location of all radioactive materials, the doses of radiation received
by any person as a result of the licensee's use of radioactive materials
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TABLE D2. Maximum Permissible Doses*

Whole body gonads

Bone, skin

Thyroid, extremities

Any other single organ
or tissue

3

15

38

8

Organ Atomic Radiation Workers Any other person**

rem per quarter rem per year rem per year

5 0-5

30 3

75 7.5

15 1.5

* Amendments to the Regulations are being prepared which would, among other things, make the maximum permissible
doses consistent with ICRP 26. However, quarterly limits will remain.

"* The dose to the abdomen of a pregnant woman shall not exceed 1 rem during the period after the pregnancy is known.
It should be noted that until a pregnancy is known, the dose limits for males and females are identical.

REPORTS

Any person who is in possession of radioactive material or in charge of a device containing
radioactive material is required to report to the AECB within 24 hours if any person received or is
likely to have received a dose of ionizing radiation in excess of the regulatory limits.

SIGNS

The regulations require that any person in charge of an area, room or enclosure must mark it
with a radiation warning sign if the dose rate exceeds 2.5 mR/h or it contains more than 100 scheduled
quantities of radioactive material. In addition, any container which holds more than 1 scheduled
quantity must also be marked.

RADIOGRAPHY

Since radiography is responsible for the largest number of incidents and overexposures, it is
specifically covered by the regulations. In fact, radiography represents about 5% of AECB licenses
but 70% of significant radiation exposures. Control is very difficult because of the nature of the work
which involves remote areas and adverse weather conditions.

The most significant aspect of the radiography regulations is the requirement for everyone to
pass an AECB administered radiation safety exam before operating an exposure device (camera). This
requirement was introduced In 1983 because experience had shown that the largest exposures were
occurring to untrained operators while the experienced radiographer was in the dark room developing
and interpreting film. It should be emphasized that this exam only covers radiation safety and not such
subjects as developing or interpreting film.

Another aspect of the regulation is the sharing of responsibility between the qualified operator
and the licensee. The qualified operator is legally responsible for wearing a thermoluminescent and
direct reading dosimeter, urging a survey meter after each exposure, locking the camera and ensuring
that there are adequate signs and barriers to prevent people from entering the exposure area. The
licensee is legally responsible for equipment maintenance, keeping specific records, limiting camera
use to qualified operators and ensuring the qualified operator hag sufficient safety equipment. Many
requirements such as safety procedures and dose control are jointly shared because licensees can assign
unrealistic production schedules which would make It impossible for the qualified operator to follow
radiation safety procedures.
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POWERS OF INSPECTORS

The regulations give each AECB inspector the right to enter any premises where radioactive
materials are located. He or she may order remedial actions to correct deficiencies or an immediate
halt to work with radioactive materials if a serious radiation hazard exists. However, these actions are
not taken lightly because of the significant effect that these actions could have on a licensees
operations.

ENFORCEMENT

In the case of serious violations of the Regulations or license conditions, the AECB can
suspend or revoke a license following an opportunity to be heard by the Board, or the case may be
taken to court where penalties up to $10 000 and five years in jail are possible. On average, three
licensees have been prosecuted annually.

RADIOISOTOPE LICENSES

In this section, radioisotope licenses will be discussed. They are by far the most numerous
AECB licenses but there are others issued for reactors, uranium mines, waste management, uranium
mills and high energy accelerators. As of August 1988, the breakdown of radioisotope licenses was
as follows:

Use type Number of licenses

Analyzers 247

Bone densitometer 66

Brachytherapy 46

Calibration 618

Consolidated (I) 37

Chromatograph 417

Dewpointers 127

Gauges 938

Human in vitro 428

Human in vivo 249

Irradiators 57

Logging (2) 104

Light sources 62

Open sources (3) 334

Other(4) 139

Portable guages (5) 521

Radiography 182

Smoke detectors (6) 8

Static eliminators 604

Suppliers 205

Teletherapy 30

Total 5419

(!) 111 is category covers a single license which authorizes various uses such as those found at universities.
(2) Logging is a general term which is used to cover such activities as injecting radioactive materials or lowering sealed

sources into oil wells.
(3) Open sources describe uses where the radioactive material is not contained in a sealed capsule (i.e. laboratories).
(4) This category covers all uses which are not described in the other categories. Examples are pacemakers, surge voltage

protectors and tritium targets.
(5) Most portable gauges measure the moisture and density of soils.
(6) Smoke detectors are exempt from licensing if certain criteria are met. However, all suppliers or importers are licensed.
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LICENSE DETAILS

An example of a Radioisotope license for a teletherapy facility is given in the following
Annex; an explanation of each section follows.

(1) Licensee
This is the legal name of the organization that has applied for the license and is responsible
for ensuring the radioactive material is used safely.

(2) Period
This section specifies the start and expiry date of the license. Normally, the period is limited
to two years since many licensees move or go out of business; longer license periods make
investigation difficult.

(3) Licensed activity
This section is included to limit the licensee's activities to those approved by the AECB.

(4) Radioactive prescribed substances
The Isotopes and activities are limited by this section. For unsealed sources, the limit is in
terms of the maximum amount of radioactive material the licensee will possess at any time
during the license period. No restrictions are placed upon the rate at which radioactive
materials are purchased or used but the licensee must maintain records for at least three years.
For sealed sources, the maximum activity and not the number of sources of each isotope is
specified. Again, the licensee must maintain an inventory for inspection for at least three
years.

(5) Location
The location is specified to aid in making inspections and to limit the use to a given location
if this is a factor In the license approval. For example, teletherapy units can only be used in
approved shielded rooms.

(6) Conditions
Since the Regulations do not specify all the requirements for the safe use of radioactive
material, specific conditions are added to the license. These are chosen for the specific
licensed activity from a bank of approximately 400 conditions.

IMPORT AND EXPORT CONTROL

Without restrictions on the importation of radioactive materials, control would be impossible.
Therefore, the AECB works in conjunction with the External Affairs Department to ensure that no one
imports radioactive material without the approval of the AECB. This requires inspectors at each border
crossing and port of entry but this system, which could not be justified for radioactive materials alone,
already exists for numerous other factors such as taxes and prohibited agricultural products.

At the present time, countries importing radioactive material from Canada are not notified of
the shipment, except In the case of fissile material. However, consideration is being given by the IAEA
to an international notification system which would ensure importing countries are aware of all
radioactive material entering their country.

APPLICATION ASSESSMENT

Before a license is issued or renewed, an assessment is performed by the AECB to ensure that
the specific use will not be an unacceptable hazard to staff, public or the environment. For new
applicants, the review must be based upon the application but for renewals, the licensee's previous
performance is also considered.
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Since the risks associated with various uses of radioactive material differ significantly, the
assessment efforts are not applied equally to the uses listed. For example, if a licensee has a good
compliance record, the license is renewed by a clerk if the use is for analyzers, calibration,
chromatographies, dewpointers, gauges, light sources, portable gauges, static eliminators and minor
suppliers. If the compliance record is poor or the use is for brachytherapy, consolidated, human in
vivo, human in vitro, irradiators, logging, radiography, or teletherapy, an assessment is performed by
a licensing officer. For this task, there is currently have a staff of six who are aided by five clerks in
the license processing section. In addition, there is a transportation section of five people who approve
Type B package designs.

RESOURCES

In order to perform effective assessments, it is necessary to have experienced license
assessment officers. For example, a summary of their practical experience is listed below:

(1) A qualified radiographer who has worked in regulatory for more than 15 years,
(2) A chemical technologist with 10 years experience at a reactor facility before joining the

AECB,
(3) A chemical technologist who has worked in an isotope production facility and as an isotope

salesman prior to joining the AECB,
(4) A pharmacologist and registered nuclear medicine technologist who has worked with

radioactive materials in research and hospital nuclear medicine,
(5) A registered nuclear medicine technologist who has worked as a senior technician in a hospital

nuclear medicine department,
(6) A biochemist who has worked with a provincial radiation protection department.

STANDARDS

The second factor in performing effective assessments is standards and procedures. In general,
the AECB adopts existing standards if they are available. For example, we the American National
Standard Institute (ANSI) recommendations are used for approval of fixed gauges and irradiators. For
sources, the International Organization for Standardization (ISO) classifications and recommendations
are used. Currently there is active involvement in working groups of the ISO for radiography
equipment and the IAEA for irradiator safety and establishment of effective regulatory programmes.
Canada has written standards for tritium iodine and uranium bioassay and facility ventilation systems.

The AECB has radioisotope standards for laboratory design and bioassay for people working
with radioiodines. Standards for testing, radioisotope waste disposal, thyroid monitoring equipment,
calibration and iridium-192 labelled (frac) sand use are in preparation.

CRITERIA

Due to the large variation in the uses and hazards of radioactive material, it is impossible to
describe in detail the criteria for each use. A general description is given here. Additional information
on teletherapy is given in Reference [1].

The first factor is a recognized application. Approval is not given for frivolous uses or ones
that have acceptable nonradioactive alternatives. Secondly, the doses which result for staff and the
public must be less than the regulatory limits under normal and credible accident situations (i.e. a risk
benefit assessment is made).

Radiation safety training is an important factor in the license assessment. For the less
hazardous uses such as static eliminators and gas chromatographies, the information which is given
by the supplier is relied upon. At the other end of the spectrum, there are specific training
requirements for uses such as nuclear medicine, gamma irradiators and radiography. For the first two
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examples, external standards are accepted but due to the importance of radiography training, the AECB
requires that anyone operating an exposure device must pass an AECB exam.

COMPLIANCE INSPECTIONS

A separate division has been established to inspect licensees to ensure that they are in
compliance with the regulations and license conditions. The staff consists of 4 supervisors and 11
inspectors located in Calgary, Mississauga (Toronto area), Laval (Montreal area) and Ottawa, (see
Figure D.I.)

Following each inspection, a report is given to the licensee, usually at the time of the
inspection, but some are mailed within a few days if certain items must be checked at the office before
finalizing the inspection. This external report is limited to a list of violations found. In addition, an
internal report written to the Radioisotope and Transportation Division, which describes the use of
radioactive material, explains in detail the violations, compares the results with the previous inspection
and assigns a grade:

A = excellent, B = good, C = minor violations, D = serious violations.

For ' C and 'D' grades, the licensee is required to correct the deficiencies and notify the
AECB of the remedial actions taken. For violations that represent a serious radiation hazard, the
inspector may order immediate corrective actions or stop the use of radioactive material. During 1987,
730 of 2730 inspections were graded ' C or 'D'.

For each type of license, a target inspection frequency has been established. The following
table shows the target and actual inspection frequency for 1987. Requests for additional resources are
in preparation so that, among other things, the AECB would be able to achieve the target inspection
frequencies.

Radiography, the use type which results in the largest number of overexposures and incidents,
also has the lowest number of inspections as a percentage of the target. This is caused primarily by
the remote nature of the work, but steps have recently been taken to improve the situation. The
Regulations allow the AECB to direct a radiography licensee to provide prior notification of all jobs
and recently, approximately 10 each month have been so directed for a period of one week. A toll-free
telephone number, which is connected to a tape recorder, allows the licensee to report jobs with the
minimum of inconvenience and inspectors, using a special code, can interrogate the system from
anywhere in Canada at any time. The licensees that are directed to notify the AECB, are chosen on
the basis of a computer programme which analyzes recent inspection grades and the time since the last
inspection. In addition, one inspection of the head office is scheduled each year t review records,
procedures, doses and storage conditions.

ENFORCEMENT

Since 1980, there have been 23 prosecutions proposed by the AECB. Fourteen have been
successful, two were lost and nine are pending. The number of prosecutions has been increasing as
can be seen by the number which are currently pending. The average has been $800 but this does not
include the licensee's legal fees and in some cases, the adverse publicity has been much more
significant than the fine itself.

The AECB has the authority to revoke a license for serious violations. This is normally done
only for licensees that have a history of non-compliance after all other options have been exhausted,
because this action could have the effect of putting a number of people out of work. In such cases,
the licensee may appeal to the five member Board for reversal or modification of the revocation.
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TABLE D.3. Inspection frequencies

Use type

Analyzer

Bone density

Brachytherapy

Calibration

Consolidated

Chromatograph

Dewpointer

Gauges

In vitro

In vivo

Irradiator

Logging

Light sources

Open sources

Other

Portable gauge

Radiography

Smoke detector

Static elim.

Supplier

Surge tubes

Tritium target

Teletherapy

Total

Target (freq/year)

0.5

0.5

1.0

0.5

1.0

0.5

0.25

0.5

1.0

1.0

1.0

2.0

0.25

1.0

1.0

1.0

3.0

1.0

0.25

0.5

0.25

0.5

1.0

Target (insp/year)

115

33

44

304

37

197

30

462

415

240

54

204

16

327

103

506

570

7

202

212

3

6

30

4117

Actual (insp/year)

92

33

28

336

35

160

39

382

227

163

29

108

22

150

41

307

164

4

265

118

4

11

12

2730

% of target

80

100

64

111

93

84

130

83

55

68

54

53

138

46

40

61

29

57

131

56

133

183

40

67

The AECB has recognized that prosecutions are not an efficient method to force compliance.
A fine system, in addition to the current methods, is under serious consideration.

TRANSPORTATION

In addition to licensing users, the AECB also has a Transportation Section with a staff of 5,
who are responsible for the packaging and safe transport of radioactive materials (see Figure D.2.).
The Canadian regulations are based on IAEA Safety Series No. 6 [2] with some restrictions. One
significant difference is that Canada does not fully accept the universality of the Type B(U) concept
in that all foreign Type B and fissile packages entering Canada, require approval in the form of a
Canadian endorsement.
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The regulatory control for transport in Canada is shared between the AECB and Transport
Canada, Transport of Dangerous Goods Directorate, through the Transport of Dangerous Goods
Regulations. In essence, Transport Canada is responsible for all carrier aspects while the AECB is
responsible for packaging, preparation for shipment and receipt after shipment. The primary duties
of the Transportation Section are as follows:

(1) To assess all applications for Type B and fissile packages from both Canadian and
foreign applicants and to issue Canadian certifications and endorsements for those
packages which meet the regulations.

(2) To review requests for transport of non-conforming packages. If the need can be
justified and an equivalent level of safety demonstrated, a "Special Arrangement
Certificate" is issued.

(3) To draft the required Canadian regulations.
(4) To advise Transport Canada and modal authorities (air, rail, ship), as required.
(5) To participate in the drafting of IAEA regulations and advisory documents.
(6) To provide advice to carriers, shippers and the general public on regulatory

requirements.
(7) To monitor the shipment of all radioactive materials. On a random basis, or when

there are any doubts, review documentation that is required to demonstrate conformity
with the Type A requirements.

(8) To provide technical advice to the Radioisotope Section on the acceptability of
devices containing radioactive materials. This involves performing engineering
analyses and ensuring devices can be shipped in accordance with the regulations.

(9) To provide advice in emergency situations during the transport of packages.

PERFORMANCE CRITERIA

The AECB is interested in establishing performance criteria for their regulatory programme
in order to identify trends and areas which may require more resources or to continue justifying the
current level of funding. This is a difficult task for any regulatory programme but the number of
overexposures is a good indicator since the goal of any such programme is to reduce radiation doses.
However, interpretation is necessary because other factors, such as the general health of the economy,
can reduce the number of overexposures during recessionary periods.

TABLE D.4. Overexposures by year

Year

1980

1981

1982

1983

1984

1985

1986

1987

Number
per Year

10

19

7

7

20

12

23

13

Average Annual Whole Body
Dose (Overexposures)

(mSv)

278

68

77

79

123

95

62

60

Largest Dose
(mSv)

800

160

120

145

440

200

104

90

Percent from
Radiography

80

100

50

83

58

64

81

64
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From the above table, it can be seen that the average and maximum doses for whole body
annual overexposures, has decreased during the last few years. It is thought that this is due to more
inspections, improved training and the stringent requirements of the radiography qualified operator
exam.

Transportation is another area where it should be possible to judge performance. The following
table lists the number of transport occurrences in past years. However, even with increased
compliance, the numbers haven't decreased but it is suspected that this is partially due to an increased
percentage of incidents being reported.

Year Number of occurrences

1984 16

1985 21

1986 27

1987 21

TABLE D.5. Radioisotope incidents per year (1983-198)

Use type 1983 1984 1985 1986 1987

Analyzer

Brachytherapy

Consolidated

Chromatograph

Dewpointer

Gauges

Laboratory

In vivo

Logging

Light sources

Other

Portable gauges

Radiography

Static eliminator

Supplier

Teletherapy

Total

4

1

4

2

2

3

2

10

3

1

2

33

1

1

9

3

7

7

21

2

1

53

2

3

1

3

3

6

8

1

3

12

30

10

2

84

3

2

3

6

6

4

2

11

23

18

1

3

82

3

2

3

1

11

2

15

12

17

1

67
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D-4. REGULATION OF RADIATION SOURCES IN INDIA

INTRODUCTION

In India, the regulatory control of radiation safety covers all the nuclear fuel cycle activities
and radiation facilities of the Department of Atomic Energy as well as radiation units in medical,
industrial, research and other institutions in the country. The regulatory control also cover the safe
transport of radioactive materials both within and outside the country. During the last four decades
there has been a rapid growth in the use of radiation sources in India due to the indigenous availability
of radioisotopes from Bhabha Atomic Research Center. At present many medical institutions make use
of radioisotopes for teletherapy, brachytherapy and nuclear medicine. The radioisotopes are also used
in industry for industrial radiography , high intensity Irradiators for sterilization of medical products,
irradiation of food items, and irradiation of sludge and sewage, wood polymers etc.. In addition to
these radioisotopes are also widely used in level gauges, thickness gauges and smoke alarms and a
wide variety of consumer products.

REGULATORY PROVISIONS

In India, the Department of Atomic Energy (DAE) was constituted in August 1954 with the
prime responsibility of developing an atomic energy programme for peaceful purposes. The Atomic
Energy Act of 1962 enacted by the Central Government provides basic regulatory frame work for all
activities including health and safety, concerning the atomic energy programme in the country.
Detailed mandatory provisions for radiation safety are contained in the Radiation Protection Rules
(RPR), 1971, notified under the provisions of the Atomic Energy Act, 1962. The Provisions of RPR
include granting of license to individuals or institutions for handling of radioactive materials specifying
the terms and conditions of license (Rule 3) and punitive measures in case of violations (Rule 9,11)

The Government of India has constituted the Atomic Energy Regulatory Board, (AERB) in
1983 under Section 27 of the Atomic Energy Act to carry out certain regulatory and safety functions
as envisaged under Section 16, 17 and 23 of the Atomic Energy Act 1962. Sections 16, 17 of the
Act empowers AERB to exercise control over radioactive substances and radiation generating
equipment for purposes of ensuring health and- safety of occupational workers and members of public.
Accordingly, AERB's written consent is required for the manufacture, possession, use, transfer by sale
or otherwise, export and import, transport and disposal of any radioactive material. The Chairman,
AERB is the Competent Authority for enforcement of statutory provisions under the Rules.

As stipulated under Rule 15 of RPR, 1971 prior approval of the Competent Authority is
required for installation, layout, design, construction and operation of facilities involving the use of
radioactive substances. Surveillance procedures for specific practices have also been notified in which
radiation safety applicable to each practice are detailed. Further elaboration of radiation safety
requirements, procedures and controls are given in various safety codes issued by AERB.

RADIATION SAFETY STANDARDS FOR SEALED RADIOACTIVE SOURCES AND
RADIATION EQUIPMENT

Radiation safety is achieved in each of the several stages, beginning with the design of a
radiation source or an equipment or device incorporating a radiation source or equipment, device or
apparatus generating radiation during its operation, design and layout of installation or work premises,
actual handling operations, decommissioning and ultimate disposal of radioactive wastes. In addition
to the surveillance procedures and codes of safe practices dealing mainly with operational aspects of
radiation applications, the performance reliability, safety and assurance of performance quality both
under normal conditions of use and anticipated accidental states are stipulated in standard specifications
for equipment and for certain important procedures. Standard specifications for medical radiation
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equipments are issued by the Bureau of Indian Standards (BIS) in collaboration with AERB. Any
standard not covered by the BIS committee is issued as AERB standard.

TYPE APPROVAL OF RADIATION EQUIPMENT

Manufacturers of radiation equipment are made aware of the standard specifications and are
required to-carry out the tests specified therein to demonstrate compliance with the standards. AERB
and BIS are making efforts to prescribe the standards for every kind of equipment or procedure, and
in cases where a standard is under preparation or under planning, the relevant International standards
issued by International Organization for Standards (ISO) or International Electrotechnical Commission
(IEC) are made applicable. The onus of performing the stipulated tests to demonstrate compliance with
the applicable standards rests with the manufacturer or supplier of radiation sources and equipments
or apparatus or devices and the user institution has the responsibility to ascertain before ordering that
the source or equipment has been approved by the Competent Authority. In case of any source or
equipment not manufactured in the country but imported into the country with the intention of use or
supply to an institution, approval by the Competent Authority is required. Type approval is granted
if the Competent Authority is satisfied that the item to be imported meets all requirements applicable
for safety in this country. For this purpose, the importer may be asked to submit information and
documents to prove that the item has passed the applicable tests and certified by the Competent
Authority of the country of origin.

LICENSE

In pursuance of Rule 3 of RPR, no person shall handle any radioactive material except in
accordance with the terms and conditions of a license granted to him in this behalf by the Competent
Authority. The regulatory control of any practice involving radiation exposure is based on the system
of notification and registration or license or exemption from license as established by the Competent
Authority- The applicant shall meet certain prerequisites for the application to be considered by the
Competent Authority. During the period of validity of a license granted to him, the licensee is entirely
responsible to ensure the radiation safety of everyone concerned and show evidence that radiation
safety requirements are fully met. While the licensee is entirely responsible for the overall radiation
safety in fulfillment of terms and conditions, the technical aspects of radiation safety shall be entrusted
to Radiological Safety Officer (RSO), who is responsible for ensuring radiation safety in day-to-day
work. Appointment of a RSO with the approval of the Competent Authority is a mandatory
requirement under Rule 12 of RPR.

CLASSIFICATION OF INSTITUTIONS, LICENSES AND RSOs

The nature and quantity of radioactive materials handled in various institutions vary very widely
ranging from a few microcuries of unsealed sources to several hundred kilocuries of sealed sources
depending on the purpose of their use. The radiation safety requirements also vary accordingly because
of wide variations in anticipated radiological consequences under normal and off-normal situations
encountered in their use. The nature and extent of regulatory controls including surveillance measures
will therefore vary with the practice. This aspect is taken into consideration in categorizing the
institutions, into three and stipulating the level of RSO and the class of license accordingly.

RADIOACTIVE MATERIAL TRANSPORTATION

Radiation Surveillance Procedures for the Safe Transport of Radioactive Materials (1987)
stipulates the requirements for ensuring safety to persons, property and environment associated with
such transportation. Every package deployed for shipment shall be approved by the Competent
Authority and only the packages of approved design shall be used. Designers, manufacturers,
consignors and users of such packages shall comply with the requirements including submission of
safety report on the package design, test report and quality assurance manual as applicable to specific
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packaging or shipment. Certain shipments such as those containing very high activity radiation sources
used for certain exposure devices, high intensity irradiators etc., shall be carried out only with prior
approval of the Competent Authority.

LICENSING AND APPELLATE COMMITTEE FOR RADIATION PROTECTION

The Competent Authority has entrusted the responsibility to carry out certain regulatory
functions to the Division of Radiological Protection, BARC, In order to institutionalize the
enforcement procedures and in order to seek advice on decision making, the Competent Authority has
appointed a Licensing and Appellate Committee for Radiation Protection (LAC). The membership of
this committee includes representation from industrial and medical users of radiation sources and
manufacturer of radiation sources, in addition to representatives from regulatory agencies. The
functions of the Committee are as follows. The granting of

(i) licenses for handling radioactive materials,
(ii) type approval of radiation equipment,
(iii) permission for the import of radiation sources and equipment,
(iv) approval of transport packages & shipments,
(v) approval of radiation installation, layout or plans,
(vi) approval of Radiological Safety Officers etc. All applications, reports, data and any

information relevant to the enforcement of Radiation Protection Rules are referred to
the LAC for review, assessment and advice. The Competent Authority may act on the
advice of the LAC on every such matter.

INSPECTION AND RADIATION SURVEILLANCE

The officers from the Division of Radiological Protection, BARC authorized by the Competent
Authority conduct periodic inspection and radiation protection surveillance, to verify the adequacy of
shielding, safety features, radiation levels in and around the radiation installation, work practices
followed in the institution, inspection of log books, inventory of sealed radioactive sources, personnel
monitoring records etc. They also be provide assistance wherever necessary in handling emergency
situations involving radiation sources. When any violation of mandatory procedures in handling
radioactive material is detected, the same will be reported to AERB and necessary action taken with
the recommendation of the Licensing and Appellate Committee.

WITHDRAWAL OF MEDICAL RADIUM SOURCES AND DECOMMISSIONING OF
TELEGAMMA THERAPY INSTALLATIONS

In view of well recognized hazards of radium sources, radium needles and tubes used for
brachytherapy are being progressively replaced with suitable substitute like 137Cs, 60Co, 192Ir etc. All
the users of radium sources have been instructed to return these sources to BARC for safe disposal.
BARC has so far received 8.3 gm of radium of the total-of 14-16 gm known to be available in the
country. AERB insisted on decommissioning teletherapy units lying in disuse in medical institutions
due to non availability of spares, or condemned by the institution due to uneconomic repair and
maintenance. AERB has instructed the users to decommission all these units. Some of them are already
decommissioned and the decayed radioactive sources were sent for safe disposal.

PERSONNEL MONITORING SERVICES

The Division of Radiological Protection, BARC is providing country wide personnel
monitoring service to all radiation workers. Any excessive exposures revealed by the personnel
monitoring devices are investigated. If the exposures received by the radiation workers are believed
to be genuine, further action will be taken depending on the nature and severity of the dose received.
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UNUSUAL OCCURRENCES

In spite of the regulatory controls, there have been instances of loss or misplacement of sealed sources
in medical, industrial institutions and finding their way into the public domain. Incidents of minor or
major nature do also occur during transportation of sources within the country. A Task Group
constituted by Competent Authority has reviewed all such unusual occurrences in a five year period
and recommended certain measures to prevent recurrence of such incidents and also to minimize
consequences in the event of their occurrence. AERB has implemented the recommendations and also
enforced- additional measures to prevent occurrence of radiological incidents. All these measures have
substantially reduced the frequency as well as severity of incidents and emergencies.

VIOLATIONS AND PENALTIES

The licensee

(i) shall comply with all the provisions of the RPR, Surveillance Procedures, Safety

Codes and Standard Specifications
(ii) shall prove such compliance by sending reports as prescribed by the Competent

Authority from time to time,
(iii) shall carry out any advice or orders issued by the Competent Authority and
(iv) shall submit any facility, premises, records, log books etc. as may be asked for

inspection and verification by persons duly authorized by the Competent Authority for
the purpose.

Any violation of the above is punishable under Section 24, 25 and 26 of the Act. Such
punishment may be mere withdrawal of source for a specified period, suspension of a license,
withdrawal of a license, and severe punitive measures such as fine or imprisonment or both. Violation
of any provisions of the Rules and any orders issued under the Rules is a cognizable offence and the
procedures applicable for such offenses shall apply.

CONCLUSIONS

During the six years of its existence, the AERB has instituted wide ranging regulatory controls
and streamlined the enforcement procedures with regard to use of radioactive sources in medical,
industrial, research and other applications, and transport of radioactive materials in public domain. The
regulatory framework and enforcement procedures are being constantly reviewed on the basis of
feedback, in order to augment and strengthen the regulatory programme aimed at safeguarding the
health and safety of radiation workers and members of public.
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D-5. REGULATION OF RADIATION SOURCES IN IRELAND

LEGAL BASIS FOR REGULATION

There are a number of acts, orders and regulations which have a bearing on the regulation of
ionizing radiation in Ireland. However, most of these will be amended or repealed in the near future
to comply with Directives from the European Council of Ministers. In order to avoid unnecessary
confusion, therefore, the discussion will be limited to the sole order made under the Nuclear Energy
Act (1971). An understanding of it is sufficient for the purpose of describing the general nature of the
regulatory regime in Ireland. Moreover, the new legislation which will be introduced in late 1989 is
expected to be very similar to the above mentioned Order.

The Nuclear Energy Act of 1971 set up the Nuclear Energy Board giving it certain functions
among which was the regulation of activities involving ionizing radiation. This Act enabled the
Minister for Energy subsequently to pass an order for the control of sources of ionizing radiation. This
is known as the "General Control of Fissile Fuels, Radioactive Substances and Irradiating Apparatus
Order" and is contained in SI (Statutory Instrument) 166/1977. The order prohibits all activities
involving ionizing radiation except under license. It gives authority to the Board to append conditions
to licenses as it deems necessary. There are however some exclusions, for example, very small
quantities of radioactive material which are defined and the 'use' of radioactive materials, X ray
machines and accelerators in the diagnosis and treatment of disease. Although 'use' is excluded in
these cases other activities such as importation, transportation, custody and disposal are not. Also,
although the law is not clear on the matter, the Board has always concerned itself with the medical
use of sources insofar as they cause adventitious exposure of workers and possibly the public. This
means that stray radiation resulting from the treatment of a patient may give rise to a dose to a non-
patient such as a nurse, doctor or member of the public.

The order also gives authority to the officers of the Board to inspect licensed premises. The officer
is obliged to produce identification and make his inspection during reasonable hours. Also the law
provides a maximum penalty of £500 or five years imprisonment for the contravention of a license.

The license normally consists of four parts, the cover sheet and three schedules. The cover sheet names
the licensee, the activities for which he is licensed and the sources involved, particulars of which are
given in one of the schedules. It also gives the duration of validity. This may be any period up to four
years, however, most licenses have a one or two year validity. Schedule 1 contains the conditions with
which the licensee must comply. A list of the licensed items is contained in Schedule 2 together with
information useful for the purpose of identification. Schedule 3 lists the names of those nominated by
the licensee to certain positions of responsibility for particular aspects of radiological safety, e.g.
Radiological Protection Officer, Radiographer, Qualified Operator etc. Lastly, in cases where more
than one address is associated with the licensed activities an extra Schedule lists each of these
addresses.

THE REGULATORY ORGANIZATION

As mentioned previously the Nuclear Energy Board is the regulatory authority in Ireland but
it has other functions as well. The five main functions are:

a. to advise the government on nuclear energy and related matters.
b. to provide a dosimetry service for users of radiation.
c. to gather and disseminate information on nuclear energy and related matters.
d. to regulate all activities involving sources of ionizing radiation including the drafting

as necessary of safety codes and guides.
e. to monitor radioactivity in the environment.
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The Board which is appointed by Government, has seven members and an executive staff of
31 scientists, engineers, technicians and administrative staff.

LICENSING PROCEDURES

Licensing starts with the submission of an application form by the potential licensee and then
moves through stages of examination, drafting, approval, dispatch and filing of copies.

Application for License

The first step in the license process is taken by the applicant who contacts the Board and asks
for a license application form. When completed this is returned and is examined by the Board's staff.
Further information may be sought from the applicant. An inspection of the applicants facilities may
also be necessary. Following these formalities the license is usually granted within one month of
receiving the completed application form providing there are no impediments.

An impediment may be deemed to exist if, for example, any of the three principles of
radiological protection cannot be fulfilled by the applicant. The first of these is that the proposed
exposure to ionizing radiation must be justified by the advantages which it produces. The following
is an example which illustrates this point. Radioactive lightning conductors are available in some
countries; however, the manufacturers of these devices have been unable to demonstrate to the Board's
satisfaction that they are more effective, or even as effective, as the traditional, and non-radioactive,
Faraday conductor. The Board, therefore, has judged that their use is not justified in accordance with
this first principle of radiological protection. Importation of these devices is now banned. An
impediment would also exist if the source to be licensed did not meet the requirements of ISO
Standard 2919 or if there is no means of disposing of the source at the end of its useful life.

The second principle is that all exposures shall be kept as low as reasonably achievable: this
is sometimes known by the acronym 'ALARA'. It is also referred to as the 'optimization of safety'
principle. The applicant must show that this principle can and will be applied at his facility.

Lastly, it must be demonstrated to the satisfaction of the Board's inspectors that the radiation
doses to workers and members of the public at the licensee's facility will not exceed certain limits.

These limits are somewhat complicated and reference should be made to IAEA Safety Series
No 9. However, they may be summarized as follows for workers:

ANNUAL DOSE EQUIVALENT LIMITS FOR WORKERS

Exposure of: Limit

Whole Body 50
Partial Body 500
Lens of Eye 150
Hands, Feet, 500
Forearms & Ankles 500

* Averaged over exposed organ or tissue. Additionally the effective dose equivalent must not exceed 50 mSv. This dose is
calculated by multiplying the average dose in the exposed organ or tissue by a fraction known as the 'weighting factor' 80 that
the effect is the same as if the whole body received the smaller calculated dose. Details of the weighting factors and method
of calculation are contained in IAEA Safety Series No 9.
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More restrictive limits apply to female workers of reproductive capacity but the most important
rule is that once pregnancy has been confirmed the female worker must be restricted to Category B
working conditions.

For members of the public the annual dose limit is one-fiftieth of those for workers but this
may be exceeded occasionally by a factor of 5. Since members of the public may be exposed to small
doses arising from several licensed facilities and from practices in other countries the Board considers
that only a small fraction of this limit should be allowed to accrue from any one licensed facility. Thus
licenses require doses to members of the public to be less than 0.05 mSv per annum.

Assuming all is in order the license is then issued with various schedules and, if required,
import and export licenses as well.

The import and export licenses together with some suitable identification of the licensed items
must be produced for the Customs Authorities at points of entry to, and exit from, the country. It is
for this reason that they are issued separately from the main license which should always be held on
the licensee's premises.

Typical Conditions of Licenses

As mentioned previously the Order empowers the Board to attach conditions to each license
and to change these from time to time as it deems necessary. It is this in-built flexibility that has
allowed the Board to reflect in its licenses without undue delay the gradual changes during recent
years in radiological protection philosophy as expressed by the various competent international bodies.
It should be noted that the conditions attached to licenses are tailored to fit the radiological protection
needs of the licensee. If, for example, the license covers the custody and use of an X ray machine
only, the licensee will not be confronted by irrelevant conditions concerning the handling or disposal
of radioisotopes. The conditions contained in Schedule 1 are selected from a bank containing about
70 conditions.

Schedule 1 normally contains between ten and thirty conditions depending on the complexity
of the license. The conditions cover various safety requirements most of which shall now be briefly
described.

Public display of license

The licensee is required to display the license or copy of it in a prominent position for the
information of employees and others who may frequent the premises.

Appointment of nominated persons

This condition requires the licensee to nominate a suitably qualified person to have executive
responsibility for radiological protection and to give him appropriate authority to carry out his duties.
This person is known as the Radiological Protection Officer (RPO). Other persons with appropriate
qualifications may be required to be nominated such as departmental radiological protection
supervisors, radiographers, and qualified operators.

Safety procedures

The licensee is required to write and approve Safety Procedures or, in the case of a large
facility, Safety Manual. The aims of this condition are to get the licensee to think 'Safety' and to
provide a compact reference for management and employees on radiological protection. Safety
procedures and manuals must be forwarded to the Board.
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Classification of exposed workers

The condition requires that workers involved with radiation shall be classified as Category A
or B for the purpose of monitoring and surveillance. A Category A worker is defined as one who is
liable to receive a dose greater than three-tenths of any annual dose limit. If the exposed worker is not
liable to exceed this then he is classified a Category B worker.

Classification of Area

Working areas must be classified as:

a. Controlled Areas, where doses are liable to exceed three-tenths of the annual dose
limits for exposed workers.

b. Supervised Areas, where doses are liable to exceed one-tenth but not three-tenths of
the annual dose limits for exposed workers.

Access to these areas obviously must be controlled and supervised. Consequently they must
be delineated and the hazards within them must be indicated. Appropriate radiation monitoring and
working procedures shall be carried out in both controlled and supervised areas and warning signs
indicating sources of radiation shall be displayed.

Individual monitoring

Generally, individual monitoring using film badges or TLD's supplied and processed by an
approved laboratory is required by this condition. This applies to Category A workers, however, it has
been custom in some countries including Ireland for some Category B workers also to wear personal
dosimeters. This practice is not discouraged.

Medical surveillance

Category A workers are required by this condition to undergo pre-employment, annual and
special medical examinations by a medical practitioner. The special examination is only necessary in
the event of the annual dose limit being exceeded. Category B workers are subject to normal medical
surveillance in accordance with the general principles of occupational medicine which apply to all
workers.

Restriction of use of licensed items

Use of the licensed item is restricted by this condition to certain identified premises and for
certain purposes.

Restriction on transportation

Transportation must be in accordance with detailed regulations laid down in the IAEA
Regulations. Additionally, the relevant section of other codes may be quoted depending on the mode
of transport e.g. the International Maritime Dangerous Goods Code and the International Air Transport
Association regulations are used for sea and air transport respectively. These regulations are based on
the IAEA Transport Regulations, but often require additional safety features depending on the nature
and size of the cargo. These requirements are quite complicated and those involved in transportation
of radioactive substances for the first time are encouraged to allow adequate time to study them. Some
simplified guidance notes on transportation are available from the Board on request.
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Provision of approved storage facilities

The condition requires shielded and secure storage for radioactive substances and electrical
isolation and secure storage for irradiating apparatus.

Maintenance

Generally, the maintenance advised by the manufacturer is required by this condition. If there
is no such advice then the Board will decide what must be done. Maintenance is used in its widest
sense and includes servicing, testing, wipe tests etc. Maintenance is usually required on a routine,
rather than on a breakdown, basis. Modifications which might affect safety are usually prohibited. A
strong case for such modifications must be made including an endorsement by the designer or design
authority if permission is to be granted.

Area monitoring

This is required on a regular basis, the frequency being determined by the degree of the
radiation hazard. Instruments appropriate to the nature and extent of the radiations being measured
shall be used. The instruments must be checked at least once per year and after repair or servicing.
The checks must be carried out at an approved laboratory and certified.

Dose control

This condition requires the licensee to control doses to workers to levels which are generally
a fraction of those limits previously mentioned. The reason for this is that for almost all applications
of ionizing radiation in Ireland there is no reason why the doses should not be controllable at lower
levels. The Board therefore applies the ALARA principle but allows room for it to be further applied
by the licensee. This value of dose is sometimes referred to as an 'authorized limit'.

Accidents and incidents

All accidents or incidents involving the licensed items must be reported as soon as possible
to the Board. Usually the Board will require an investigation to be carried out. Such events might
involve the theft or other loss or damage to it such as by fire.

Fire

The licensee is required to inform the local fire department of the location, nature and amount
of licensed radioactive material held.

Disposal

Disposal of sealed sources is prohibited save by return to the supplier or country of origin with
the written permission of the Board. Small quantities of unsealed material which can be readily diluted
and dispersed may be disposed under certain laid down conditions. Sources which cannot be disposed
of, whether sealed or unsealed, must be stored by the licensee. There is no national disposal facility
yet.

Records

Various records may be required to be kept, especially important are those concerning medical
examinations, doses to workers, calibration/testing of monitors, maintenance of equipment, movement
of sources, inventory of sources and equipment, accidental or emergency exposures, source material
accounting including receipt and disposal details, leak tests of sealed sources, area monitoring.
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Records relating to personnel shall be kept for a period not less than 30 years. In general, other
records need only be kept for 5 years.

Schedules 2,3 & 4

Schedule 2 contains a list of the licensed items giving the activity of each radioisotope source
or energy of each irradiating apparatus and other information useful for the purposes of identification.

Schedule 3 lists the names of those who have been nominated by the licensee to certain
positions having delegated responsibility for particular aspects of radiological safety e.g. Radiological
Protection Officer, Radiographer, Qualified Operator etc.

Schedule 4 gives the address at which the licensed items are held or used.

USE OF STANDARDS & INFORMATION DOCUMENTS

In the context of regulatory practice in Ireland a Standard is any written material referred to
in the License, other than the license itself, to which the licensee is required to comply. Generally
speaking, it is a Code of Practice, a Guide or Criteria published either by a national authority (such
as the Nuclear Energy Board) or a competent International Body (e.g. IAEA, ISO etc). The Nuclear
Energy Board prefers to use existing international standards whenever possible and only publishes
national standards when there are unique or special national requirements which make this necessary.

International Standards

Examples of international standards used in license conditions are:

a. IAEA Transport Regulations.
b. OECD's Recommendations for Ionization Chamber Smoke Detectors.
c. ISO 2919, Classification of Sealed Radioactive Sources.
d. WHO, Manual on QA in Diagnostic Radiology Safety.
e. European Union's Basic Safety Standards for Health Protection against the Dangers of

Ionizing Radiation.

National Standards

The following Codes of Practice are in use and are commonly referred to in conditions
attached to licenses:

a. Design of Diagnostic Medical Facilities using Ionizing Radiation.
b. Radiological Practice in Dentistry.
c. Radiological Protection in Veterinary Radiology.
d. Safe Use of Ionizing Radiation in Secondary Education.

The last three mentioned Codes were written in order to reduce the work attached to licensing.
By requiring compliance with the Codes of Practice the numbers of conditions attached to licenses can
be reduced to about 4 or 5, thus making worthwhile savings in time and material costs. For example,
in the case of dentists, veterinary surgeons and educational establishments which total approximately
400 licensees, the number of conditions have been reduced by about 50%

Information Documents

Besides the above Codes the Board provides information documents for licensees. These are
not 'standards' they are meant to help the licensees in complying with the license. Examples of such
documents are
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a. Guidelines for Approved Medical Officers on Health Surveillance of Radiation Workers.
b. Drafting of Safety Procedures.
c. Purchasing Radiation Monitors.

TRAINING

Appropriate training together with adequate experience and educational achievement are
essential prerequisites for those who are responsible for radiological safety. Training courses are
conducted by 3rd parties (not by the Regulatory Authority) such as Universities and professional
training organizations. They are encouraged by the Regulatory Organization to do so and it gives its
official approval to those courses which satisfy certain laid down conditions. Approvals last for three
years at the end of which the process of approval is repeated. By this means the quality and
appropriateness of the course is maintained at satisfactory levels.

Courses for Users

There are three different causes for users of sealed and unsealed sources: each is held once
a year: 3 day course for RPO's, 2 day basic course on Radiological Protection, 2 day course for
medical practitioners who are not qualified radiologists.

Courses for Regulators

There is no national course for regulators because of the infrequent need and also because
when the need arises it is only for one or two persons. So training is on an ad hoc basis advantage
being taken of IAEA fellowships/courses, international seminars/workshops and on the-job-training.

FEEDBACK AND SIMULATION

Communication between the Regulatory Authority and licensees is considered to be an
essential part of the regulatory progress. This, it is felt, should not be confined only to the
communication which occurs during the licensing process and inspections but should be maintained
outside of these occasions. To achieve this the Nuclear Energy Board publishes about twice each year
a news sheet called 'Radiation Safety News'. Its aims are to stimulate and maintain interest in
radiological protection, to feedback information on lessons learned from accidents and incidents both
abroad and at home, to draw attention to regulatory developments and changes.

The document which is produced in-house at very low cost is circulated to all RPO's who are
encouraged to copy and circulate it, as they think appropriate, within their establishments.

INSPECTION AND ENFORCEMENT

Inspection Frequency Targets

Although it has yet to be achieved the overall frequency target for inspections is 50% of all
licensees per year. However, this rough target is refined by consigning priority to 'high hazard'
activities (e.g. industrial radiography) and correspondingly lower priority to medium and low hazards.
The overall effect is that high hazard activities are inspected annually, medium hazard, biennially and
low hazard, triennially.

Inspection Preparation

Adequate preparation at the regulatory authority's offices is considered an essential first step
towards a successful inspection. The preparation starts with consulting the licensee's files and noting
items requiring special attention. Examination of Schedule 2 determines the type or types of radiation
monitors which will be required. Spare monitors are always carried. Wipe kits may be necessary in
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which case the number required are determined from particulars in the license. Check-off lists, if used,
are packed together with the licensee's file (including the license) and of course personal dosimeters
for the inspectors. The inspection tour is carefully planned allowing sufficient time for each inspection.
Normally, the licensee is notified in advance of the inspection. This is because if notice is not given
inspectors take much longer and may not be entirely satisfied because of the absence of key personnel,
e.g., the RPO, or because sources are inaccessible due to maintenance or other reasons. However,
unannounced inspections are carried out from time to time whether on a random basis or for specific
reasons such as a suspicion of deliberate contravention of license conditions.

Inspection

The inspection normally starts with an examination o£ the licensees records. This enables the
inspector to get a good overview of the licensee's general attitude towards safety requirements and will
point to weaknesses that may exist which can then be further investigated. Compliance with the
remaining conditions of the license is checked using either the license itself or a check-off list as a
guide. Objective evidence of compliance is demanded by inspectors: verbal statements are not
considered sufficient in this respect. Notes of deficiencies are taken: these will form the basis for the
subsequent inspection report. Normally, the RPO is invited to comment on these before they are
incorporated in the report.
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D-6. REGULATION OF RADIATION SOURCES IN THE UNITED KINGDOM

SYNOPSIS

In the United Kingdom the operational control of radiation sources is achieved by a dual
system. Firstly, the Radioactive Substances Act 1960 [1], controls the possession and subsequent
disposal of radioactive materials. Secondly, the use of radiation sources in the workplace is governed
by the Ionizing Radiations Regulations 1985 [2]. In this context the term radiation sources includes
electrically generated ionizing radiation as well as radionuclides.

This lecture describes the basis for the United Kingdom system of operational control and
provides a detailed review of many of the requirements of the IRR 85. Additional legislation in the
United Kingdom relates specifically to the Nuclear Power Industry but is outside the scope of this
lecture.

RADIOACTIVE SUBSTANCES ACT 1960

Registration and Authorization

This Act regulates the keeping and use of radioactive material and makes provisions for the
accumulation and disposal of radioactive waste. The primary purpose of the Act is to control radiation
exposure resulting from radioactive waste entering the environment.

The Act makes provision for the REGISTRATION of users of radioactive materials and users
of mobile radioactive apparatus.

It is an offence to possess such materials, other than in accordance with a Registration under
the Act unless exempted. The Act requires prior AUTHORIZATION unless exempted for the disposal
of radioactive waste and the accumulation of radioactive waste.

Exemptions

Provision is made in the Act, and in orders made under the Act, for exemption or partial
exemption in certain cases. A list of exemption orders in force at March 1989 will be found in the
Appendix at the end of this chapter.

Administration

In England the Act is administered by the Pollution Inspectorate of the Department of the
Environment. There are other government bodies that administer the Act in the other regions of the
UK. Specialist inspectors carry out the following duties:

(i) Review applications for Registration.
(ii) Inspect premises prior to Registration and routinely thereafter. These inspections are primarily

concerned with ensuring adequate storage and audit procedures in respect of the radiation
sources,

(iii) Issue Authorizations for disposal of radioactive material, following an assessment of the
environmental impact of the proposed disposal,

(iv) Maintain an ongoing environmental surveillance programme to provide assurance regarding
the adequacy of the overall programme of control.

THE HEALTH AND SAFETY AT WORK, ETC. ACT 1974

This is "An Act to make further provision for securing the health, safety and welfare of
persons at work, for protecting others against risks to health or safety in connection with the activities
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of persons at work, for controlling the keeping and use and preventing the unlawful acquisition,
possession and use of dangerous substances, and for controlling certain emissions into the
atmosphere;..."[3].

It is a very far reaching Act which lays down the basic principles for health and safety at work
in the United Kingdom and is the 'enabling act' under which the IRR 85 are made. It provides the
regulatory framework and structure into which the principles of good radiological protection have been
fitted.

The following sections of the Act have particular relevance to regulations covering radiation
protection:

Section 1 (2) Provides for the replacement of existing safety enactments by a system of Regulations
and Approved Codes of Practice, which have to maintain or improve existing
standards.

Sections 2-3 Cover the general duties of employers to their employees and to others. Employers
must do all that is reasonably practicable to secure the health, safety and welfare at
work of their employees, and to ensure so far as is reasonably practicable that 'others'
are not exposed to risks to their health.
The term 'reasonably practicable' has a legal interpretation and is based on case law
in the United Kingdom. It allows due regard to be paid to economic considerations
in the context of overall safety.

Section 6 Places a general duty on designers, manufacturers, importers or suppliers, and erectors
or installers, to ensure so far as is reasonably practicable that items for use at work
are safe and without risks to health when properly used.

Section 7 Places general duties on employees at work.
Sections 10-14 Cover the establishment, functions, control and powers of the Health and Safety

Commission (HSC), and the Health and Safety Executive (HSE).
It is the Factory Inspectorate branch of the HSE that is responsible for the
enforcement of safety legislation.

Sections 15-17 Concern the production of Health and Safety Regulations and Approved Codes of
Practice. A duty is placed on the HSC to consult those bodies whom it deems
appropriate and t hose organizations that the Secretary of State directs it to consult
before such legislation is enacted. In respect of electromagnetic radiations, the HSC
is required to consult the National Radiological Protection Board.

Sections 18-26 Cover Enforcement, including the appointment and powers of inspectors, and the
provisions for Improvement and Prohibition Notices and for appeals against them. An
Improvement Notice requires action to be taken to remedy contraventions of a
legislative requirement within a stated timescale. A Prohibition Notice prevents
specified work activities from taking place until identified contraventions have been
rectified.

INTERNATIONAL INFLUENCES

The principles on which the control of radiation sources in the United Kingdom are based are
generally those specified in internationally accepted standards of good radiological protection.
Publications [4] from the International Commission on Radiological Protection (ICRP) contain
internationally accepted recommendations on virtually all aspects of radiation protection. Brief
references are also made below to the advice and standards of the International Atomic Energy Agency
(IAEA) and to the Directive on Radiation Protection made under the Euratom Treaty of the European
Community.

ICRP

Central to any system of control is the ICRP system of dose limitation which can be
summarized in terms of three components which are necessarily interrelated:
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(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 (ALARA), economic and social

factors being taken into account,
(iii) The dose equivalent to individuals shall not exceed the limits recommended for the appropriate

circumstances by the Commission.

These three components are identified by the abbreviated terms:

(i) The Justification of the practice.
(ii) The Optimization of radiation protection.
(iii) The Dose Limits for individuals.

This system of dose limitation means that a practice involving the use of ionizing radiations
should not be undertaken unless it can be justified on economic grounds. Having decided that a
practice is justified, it is insufficient merely to control exposures so that the specified dose limits are
not exceeded. The overriding consideration is to maintain exposures at the lowest achievable level,
consistent with all relevant factors including economic considerations.

IAEA

The IAEA provides advice in a number of publications. The IAEA's current Basic Safety
Standards for Radiation Protection were published in 1994 [5].

Euratom Directive

By virtue of its membership of the European Community, the United Kingdom has to comply
with the requirements of the Euratom Directive on Radiation Protection. The Directive reflects, in
particular, the recommendations of the ICRP as contained in ICRP Publications 26 and 30.

THE IONIZING RADIATIONS REGULATIONS 1985

Structure of the Regulations

With effect from the 1st January, 1986, all work in the United Kingdom involving the use of
ionizing radiations became subject to the requirements of new regulations which are supported by an
approved code of practice and various guidance notes. The full three-tier framework may be
summarized as:

I. Regulations
which contain the fundamental requirements needed to control exposure to ionizing radiations.
The arrangement of the regulations will be found in the Appendix.

II. Approved Code of Practice (ACOP) [6]
which gives practical guidance on acceptable methods that will meet the requirements of the
regulations. The structure of the ACOP will be found in the Appendix.

III. Guidance Notes
which give detailed advice on the protection requirements in specific areas of use of ionizing
radiations. A list of current Guidance Notes will be found in the Appendix.

Content of the Regulations

(i) The Regulations embody the ICRP's System of Dose Limitation, comprising 'Justification',
'Optimization1, and 'Dose Limits' (Section 4.2 above). The basic principle in the Regulations
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is to keep all radiation exposures to 'as low as reasonably practicable' (ALARP), a term which
is legally understood to allow for economic considerations to be taken into account and is
taken to mean the same as 'as low as reasonably achievable' (ALARA). This is a general
requirement but whenever employees are exposed above three-tenths of the annual dose limits
for workers aged 18 years or over, the Regulations specifically require an investigation to be
carried out to determine whether the alarp requirement is being met.

Limits are set on the effective dose equivalents and dose equivalents to individual
organs and tissues that can be received in any calendar year by various categories of person
(workers, trainees, members of the public). There are additional limits for women of
reproductive capacity and pregnant women. These limits apply to the sum of all doses arising
from work activities, whether from external or internal irradiation. In the case of intakes of
radionuclides, the limits relate to the committed effective dose equivalents or the committed
dose equivalents to particular organs and tissues.

(ii) In order to facilitate the control of doses to people the Regulations require controlled and
supervised areas to be identified where there is a likelihood of persons receiving doses in
excess of three-tenths and one-tenth, respectively, of the annual dose limit for workers aged
18 years or over. The criteria for the designation of controlled areas are defined in Schedule
6 to the Regulations. Where a person enters a controlled area he must be designated a
classified person unless he enters under the conditions of a written system of work designed
to ensure that he does not receive a dose in excess of a specified fraction of any relevant dose
limit. It is necessary to demonstrate that a written system of work is effective in providing the
necessary control of doses.

(iii) The Regulations require the regular assessment and recording of doses received by classified
persons, employing dosimetry services that have been approved by the Health and Safety
Executive. A requirement of approval is that the service must automatically provide specified
information to the HSE. This includes annual dose summaries and dose records in respect of
persons who cease employment.

(iv) The Regulations require doctors, who are specifically appointed for the task, to undertake
medical surveillance of classified workers and there is also provision for a review of medical
findings.

(v) The general requirement to keep doses to 'ALARP' is strengthened by the inclusion of a
fundamental requirement to control the source of radiation, as far as reasonably practicable,
by the use of engineering controls and design features. Specific requirements relate to:

(a) the provision of safety devices, warning signals, handling tools, etc.
(b) the need to design, construct and maintain buildings, fittings and equipment

so as to minimize contamination,
(c) the provision and testing of protective equipment and clothing,
(d) the safe storage of radioactive substances,
(e) leakage testing radioactive sources,
(f) the need to monitor radiation and contamination levels, using instruments that are

tested at least annually,
(g) the drawing up of contingency arrangements for dealing with possible

incidents.

(vi) Undertakings holding large quantities of radioactive substances (eg. greater than 2 x 1012 Bq
of cobalt-60) have to assess the special hazards associated with their work and provide the
HSE with a report of this assessment.
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(vii) The HSE needs to be kept aware of those areas where hazards from ionizing radiation might
and do arise. It is necessary for the HSE to be notified of the use of ionizing radiations, of
any release or loss of radioactive substances, and any occasion when an excessive dose is
received. Local investigations of excessive doses have to be made and reports kept for
specified periods.

(viii) It is important that any equipment, device or other article supplied for use in connection with
ionizing radiation affords optimum radiation protection, and there are therefore duties on
designers, manufacturers, importers, suppliers, erectors and installers to ensure that the article
can be used in such a way as to keep doses to 'ALARP'. Any new article incorporating a
radiation source must be subject to a detailed 'critical examination', after it has been installed,
to ensure that it provides sufficient protection and to check the correct operation of all safety
features and warning devices.

(ix) The provision of information on potential hazards and the instruction and training of people
involved in work with ionizing radiation is regarded as essential to good radiation protection.
Working procedures must be formulated within written local rules and their observance
ensured by means of proper supervision. This latter requirement will normally necessitate the
appointment by management of a Radiation Protection Supervisor whose responsibilities
should be clearly defined. Above all it is essential that experts in radiation protection be
involved with work activities where there is a likelihood of people receiving significant doses.
Consequently Radiation Protection Advisers have to be appointed wherever expert advice is
needed and these appointments have to be notified to the HSE.

(x) Special considerations apply to medical exposures. Doses received by patients undergoing
diagnosis or treatment are not taken into account in determining compliance with dose
limits.However, there is a requirement to investigate and notify certain equipment malfunctions
and to generally ensure that the clinical objectives of diagnosis or treatment are achieved with
the minimum of exposure.

Enforcement of the Regulations

(i) Enforcement is, in general, undertaken by the Factory Inspectorate branch of the HSE
employing general inspectors who have received additional training in relation to the
requirements of the IRR 85. These inspectors are supported by specialist inspectors who have
received more detailed radiation protection training.

(ii) The Enforcement programme is based upon:

(a) Reviews of notifications made to the HSE.

(b) Visits in response to specific notifications and, more generally, in support of
a routine programme of planned inspections. Visits can include appraisals of
records and working practices, supported where necessary by measurements.

(iii) Depending upon the situation, enforcement action involves the provision of advice, serving
of improvement and prohibition notices and, ultimately, prosecution in a Court of Law.

FoIIow-Up of Inspection and Enforcement

On return from tours of inspection, inspection reports are written and if corrective or other
actions are required appropriate letters to the licensees are drafted. Both are then submitted to
management and after any necessary adjustments have been made the report is filed and the letter is
sent to the licensee. If deficiencies have been identified then the licensee is asked to report when they
have been corrected - a target date for completion of corrective actions is given. These dates are
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entered in a 'bring up system' and the satisfactory completion of the correction is checked when the
date is reached. If the licensee does not comply with these directions then various methods of
enforcement are used culminating in the taking of legal action.

SUMMARY

The system of regulating activities involving sealed sources of radioactive material in Ireland
has been designed to be effective, easy to operate and easy to follow. Practical experience over a
period of 12 years of operation has shown that these design objectives have in general been achieved.
It is also a flexible system and so can respond reasonably quickly to changes in radiological protection
philosophy. The application for and issuing of licenses has been described as also has been the content
of schedules 1 (Conditions), 2 (List of Licensed Items), 3 (List of Responsible Persons) and 4
(Licensed Premises). The use of standards both National and International have been explained and
the importance of simple information documents has been underlined. Training for licensees and
inspectors has been outlined: the maintenance of the interest of licensees in radiological protection
matters (a form of continuation training) by the regular issuing of "Radiation Safety News" has been
stressed. Finally, inspection policy and methods together with follow-up and enforcement actions have
been described.
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APPENDIX 1

RADIOACTIVE SUBSTANCES ACT 1960

Exemption Orders in Force at March 1989

All orders are published as Statutory Instruments (SI) under the general title:
'The Radioactive Substances (Subject of Exemption) Exemption Order'.

The following are in force at March 1989.

Subject of Exemption SI Number

Exhibitions 1962 No.2645
Storage in Transit 1962 No.2646
Phosphate Substances,
Rare Earths, etc. 1962 No.2648
Lead 1962 No.2649
Uranium and Thorium 1962 No.2710
Prepared Uranium &
Thorium Compounds 1962 No.2711
Geological Specimens 1962 No.2712
Waste Closed Sources 1963 No. 1831
Schools etc. 1963 No. 1832
Hospitals'Waste 1963 No. 1833
Precipitated Phosphates 1963 No. 1836
Electronic Valves 1967 No. 1797
Hospital's waste (Amendment) 1974 No. 501
Smoke Detectors 1980 No. 953
Gaseous Tritium Light Devices 1985 No. 1047
Luminous Articles 1985 No.1048
Testing Instruments 1985 No. 1049
Substances of Low Activity 1986 No. 1002

APPENDIX 2

THE IONIZING RADIATIONS REGULATIONS - 1985

Part I Interpretation and General

1. Citation and commencement
2. Interpretation
3. Application in relation to the short lived daughters of radon 222
4. Co-operation between employers
5. Notification of certain work with ionizing radiation

Part II Dose Limitation

6. Restriction of exposure
7. Dose limits
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Part HI Regulation of work with Ionizing Radiation

8. Designation of controlled and supervised areas
9. Designation of classified persons
10. Appointment of radiation protection advisers and qualified persons
11. Local rules, supervision and radiation protection supervisors
12. Information, instruction and training

Part IV Dosimetry and Medical Surveillance

13. Dose Assessment
14. Accident dosimetry
15. Approved dosimetry services
16. Medical surveillance
17. Approved arrangements for the protection of certain employees

Part V Arrangements for the Control of Radioactive Substances

18. Sealed sources and articles containing or embodying radioactive substances
19. Accounting for radioactive substances
20. Keeping of radioactive substances
21. Transport and moving of radioactive substances
22. Washing and changing facilities

23. Personal protective equipment

Part VI Monitoring of Ionizing Radiation

24. Monitoring of levels for radiation and contamination

Part VII Assessments and Notifications

25. Assessment of hazards
26. Special hazard assessments and reports
27. Contingency plans
28. Investigation of exposure
29. Investigation and notification of overexposure
30. Dose limitation for overexposed persons
31. Notification of certain occurrences

Part VIII Safety of Articles and Equipment

32. Duties of manufacturers etc of articles for use in work with ionizing radiation
33. Equipment used for medical exposure
34. Misuse of or interference with sources of ionizing radiation

Part IX Miscellaneous and General

35. Defence on contravention of certain Regulations
36. Exemption certificates
37. Extension outside Great Britain
38. Fees for medical examinations
39. Transitional provisions
40. Modifications relating to the Ministry of Defence, etc.
41. Revocations, modifications and savings
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SCHEDULES

Schedule 1. Dose limits
Schedule 2. Quantities of radionuclides
Schedule 3. Work not required to be notified under Regulation 5(2)
Schedule 4. Particulars to be supplied in a notification under Regulation 5(2)
Schedule 5. Additional particulars that the Executive may require
Schedule 6. Designation of controlled areas
Schedule 7. Particulars to be included in an assessment report
Schedule 8. Further particulars that the Executive may require
Schedule 9. Sealed sources to which Regulation 26 does not apply
Schedule 10. Revocations and modifications

Part I

Part II

Section 1:

Section 2:
Section 3:
Section 4:
Section 5:
Section 6:
Section 7:
Section 8:
Section 9:

Part III

APPENDIX 3

THE APPROVED CODE OF PRACTICE

Contains general guidance on most of the Regulations

Application of Regulation 6 (Restriction of Exposure) to specified processes.

Diagnostic radiology using X ray equipment for medical exposures and in veterinary

practice
Radiation beam therapy
Diagnostic use of radioactive sources
Radioactive substances used in or on the body
X ray baggage and postal inspection systems
Non-medical radiography and irradiation (including research)
Site radiography
Use of gauging and detection devices and sources of incidental ionizing radiation
X ray optics

Exposure to Radon

APPENDIX 4

GUIDANCE NOTES

A list of those available at March 1989

1. Radiation Safety for Site Radiography. Kluwer Publishing Limited. London, 1986.
2. Guidance Notes for the protection of persons against Ionizing Radiations arising from

Medical and Dental use. NRPB, 1988. London, HMSO.
3. Guidance Notes for the protection of persons against Ionizing Radiations arising from

Veterinary Use. NRPB, 1988. London, HMSO.
4. A Guide to Radiation Protection in the Use of X ray Optics Equipment. Occupational

Hygiene Monograph No. 15, 1986. Science Reviews Limited in association with H &
H Scientific Consultants Limited.
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