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'he purpose of this lecture is to look at some problems

Mat may arise when considering the designs, construction

7d use of a facility that could contain up to tens of
:3tabecguerel (serveral million curies) of either cobalt-60

c caesuim-137. In essence the discussion can be broken

•ito two quite independent areas of preoperational - which

Dvers design, construction and the loading of the sources

11 of which is carried out by contractors - and the

perational stage which is carried out by staff.

•he general philosophy of radiation control now requires

hat radiation exposures be kept as low as is reasonably

•ohievable and each of the steps identified (design, con-

••. cruet ion, loading and operation) can contribute towards

this objective. It is the purpose of this paper to briefly

cover the way in which this can be done.

Before embarking on details it should be mentioned that

in Australia the control over the safe use of ionizing

radiation is a state responsibility so that each state

has its own Radioactive Substances Act or equivalent. Under

that Act regulations are drafted which lay down permitted

exposure levels for radiation workers and for members of

the public. Other parts of the regulations deal with powers

relating to licensing and the minimizing of radiation

exposure levels. Essentially, we endeavour to enforce the

requirements of the International Commission on Radiological

Protection.
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To keep radiation exposures as low as possible a number

of "worst case" assumptions can be made when considering

the design of such a plant. These include that:

1. the radioactive source is the maximum activity the

facility can accomodate. This may, in fact, not

be the case for some considerable time if ever;

2. the permitted exposure levels for all personnel

are the same as those for members of the public;

3. the plant would be operating - that is, the source

would be in the exposed position - for times well

in excess of what would normally be the case.

These three assumptions as well as a number of lesser ones

help to assure that radiation exposures are well within

the accepted limits.

Preoperational; Design and Construction

In a sense our task in considering the design of an irradia-

tion plant is a straight forward one in that.we are presented

with a set of plans and specifications and are called on

to consider acceptance. We know that the plans have already

been tried and tested elsewhere - the plant in Australia

is not a world first. None the less because changes do

occur (viz. size of space available; soil density variations,

etc.) we still need to go through the process'of calculating

shielding requirement and ascertaining how our calculations

- or more exactly our results - compare with the plans

as submitted. The calculations are, in themselves not immensely

difficult in that there is a certain similarity to the

calculations made for the cobalt therapy situation - the

difference is that the source is nearly three orders of

magnitude more active and its considerably less of a point

source so that applying formulae based on inverse square
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law relationship introduces another error very much on

the side of safety. Once all this has been done, as far

as we are concerned, construction can proceed.

A gamma irradiation plant does not, of course, only rely

on concrete for safety. It requires a collection of other

devices to ensure the safety of operating personnel, and

it is often the efficiency of these devices that will decide

whether you are going to have an accidental - and possibly

fatal - radiation exposure during the life of the plant.

No amount of metre thick walls will protect the operator

if he can just open the door and walk in while the sources

are exposed.

Because of the need to prevent accidents several independent

safety systems are generally incorporated into the one

facility. These would include:

1. an electrical/magnetic system for locking the

entrance door to the irradiation area;

2. a fail to safe system on the device for hoisting

the source from the water;

3. a radiation monitoring system;

4. an entrance security system which defines an entry

protocol.

Each of these systems is able, independently, to prevent

access to personnel exposure either by preventing entry

or by dropping the source into the shielded position, yet

the systems are so inter-related that it is not possible

to cut out or bypass one without causing the others to

fail.

Just a few words about each of these:

The first - an electrical/mechanical door lock is perhaps

the most obvious and simply means that the door to the
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maze leading to the irradiation chamber can only be opened
if the source is in the shielded position. If an attempt

is made to open the door while the source is exposed the
power to the hoist mechanism is cut and the source will
be lowered into the pool. -

The. fail safe hoisting system simply indicates that in

the event of any power failure or structural defect (say
a support cable snapping) the sources will again be auto-

matically lowered.

There are several radiation monitors throughout a system
and they will on the one hand indicate radiation levels
on a meter and - probably more important - activate a system

of warning lights to show that the source is either exposed
or shielded. Failure of the lights will cause the system

to fail to safe - that is the sources cannot be exposed.

The entrance security system is perhaps one of the most
important safeguards of the whole system. It means that

if you want to expose the sources or if you want to enter

the radiation area a definite protocol of steps needs to
be followed. In other words if you are ready to irradiate

some material you don't just close the door and push a
button. A definite sequence of safety orientated steps
need to be followed or the source simply will not expose.
Conversely if the irradiation procedure is completed and

you wish to enter the bay you again need to follow a
definite sequence of steps.

Thus, effectively four separate systems ensure the safety
and security of the facility.

In fact the most important aspects of a safety system are

not so much how many you have but how they relate to one
another. That is to say, what a proper integrated system
requires is:
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1. redundancy - that is, duplication of components
to ensure proper operation of a system to the extent

that it will fulfil its function even if some components

fail;

2. independence - that is one systems operation shouldn't

depend on another;

3. segregation - that is, systems performing a similar

function should be physically separted to avoid

the chance of concurrent loss of function from external

sources;

4. diversity - not all safety systems should work the

same way - that is differing designs, operations

and manufactoring methods should be used.

Operation

The safe operation of an irradiation facility of this type

depends on three basics. These are:

1. an appreciation of the in built safety systems;

2. adequate training of personnel; and

3. the existence of an emergency system.

A few words on each of these.

All safety systems, no matter how good, depend on the respect
of the users and on adequate maintenance. It is often easier
to bypass or override a safety system than it is to use
it and clearly that is where you have stage one of a disaster.
It is only if personnel are adequately trained and a system
is properly maintained that this can be avoided.

. . . 6/.
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It is not always easy to guarantee adequate training because

in a situation such as this you have people using a massive

radiation source yet essentially all they are doing is
to supervise a process - they are not radiation workers

in the sense in which we generally understand the term
(for example diagnostic, therapeutic or industrial radio-

graphers or research scientists all of whom actually work
with and generally manipulate sources of radiation). These
people, hopefully, never get near the sources they work
with and have little cause to have anything to do with
them - source changes are generally carried out by the

suppliers as are any service or maintenance calls that
involve the sources.

Because of this the units are generally operated by per-

sonnel who do not have a history of radiation experience

and they require training to familiarize themselves with
what radiation is all about, what its being used for, what
are its hazards and how can it be kept safe. But above

that they must have instilled in them a healthy respect
for the correct operatering system of the facility.

A second important aspect is for an organisation to have
an emergency system that can respond to accidents that

may arise. What kind of^accidents can occur? There are
a few that should be considered and these include:

1. fire inside the irradiation bay - some materials
being irradiated are' inflammible and hence fires

are not impossible;

2. source becoming stuck in the exposed position;

3. sources falling out of the exposure frame either
during source changes or later because of poor fixing

in place (this is another reason for needing monitors

to ensure that a source pencil is not lying around
the place);
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4. general accidents involving sources during transport,
storage, installation or removal;

5. breakdown of one or more of the safety systems.

Again the avoiding of accidents depends on adequate training
of staff and religious adherence to a safe working procedure

but the unexpected accident that may occur requires that
an organisation have a response plan and have access to
personnel who can help in such a situation. Essentially
in New South Wales assistance tends to be available from

a combination of, on the one hand, the company itself and
the suppliers of the equipment and, on the other hand,
offices such as my own which has an emergency response

responsibility.

Accidents are often the result of pure mischance but also

often also as a result of a breakdown of an operating
system. In a gamma sterilization system, for example, with
its immense radiation levels insulation on electrical wires
only has a limited life (the plastics go solid and flake

off) and if they aren't regularly replaced electrical short
circuits will occur. Maintenance of this type may appear

to be self evident but without proper wiring a system cannot
operate properly and this form of maintenance is just one
that requires constant supervision. Another, is that
lubricants will often break down under the radiation

exposure levels and, again, maintenance is the secrete

of safe operation.

In other words, we may not be able to make an accident

impossible but by enough attention to detail we can go
a long way towards doing so.

To conclude, the safe operation of a gamma irradiation

facility depends on a combination of preoperational steps
- design and construction - with a properly developed set
of operational procedures.


