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28. Radiation protection and safety of clea-up operators

This section briefly reviews the principles applicable to radiation protection and safety of
workers, and methods that could be used to minimise occupational exposure in reclamation
work.

In considering the clean up of areas shortly after an accident, a decision would have to be
made whether to implement clean-up actions early and thus cause higher occupational doses,
or wait until short-lived isotopes have decayed and/or weathering has reduced the radiation
levels. For example, the decision may be to stabilise the contamination using sprays to
prevent re-suspension followed by a delay before actual clean-up starts. The timing of such
actions would depend on many factors, including weather conditions, the area involved,
equipment available and the competence of the work force.

Means of reducing occupational exposure while carrying out the tasks should, as far as
possible, be clearly defined in 'work procedures'. In general, reductions in occupational
exposure during operational tasks can be accomplished by the use of shielding and limiting
the time that workers spend exposed to radiation.

Protective clothing and respirators also enable radiation dose to be reduced.

28.1 Radiation protection and safety plan

As part of the emergency response plan for clean-up operations of radioactive contaminated
areas, a preliminary radiation protection and safety plan should be formulated with the
assistance of radiological experts. In the event of an emergency this plan would be adapted to
meet specific requirements.

The radiation protection and safety plan should include a comprehensive radiation monitoring
and data management programme that provides for the measurement, evaluation and
recording of all exposures incurred by individuals through different pathways. The plan
should also cover all practical aspects related to the implementation of this programme,
including a list of equipment, facilities and personnel needed and it should state where and
how these resources can be obtained.

The plan should also include classification of personnel, the duties, responsibilities and
training programmes for various groups in all aspects of the clean-up operations (e.g.
handling, transport and disposal), as well as the use of protective clothing, respirators and
other means of reducing occupational exposure.

The radiation protection and safety plan would, in addition, have to consider site-specific
factors.
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28.2 Occupational dose limits

A major consideration in planning for any clean-up operation is the upper limit for
occupational dose. The limits should be set by national authorities on the basis of
international recommendations and take into consideration the accident situation.

Traditionally, the Nordic countries, Denmark, Finland, Iceland, Norway and Sweden, use the
recommendations of the International Commission on Radiological Protection (ICRP) as a
basis for national rules and regulations. The latest recommendations from ICRP adopted in
1990 (ICRP Publication 60) include the following recommendation (paragraph 225 in ICRP
60):

"In addition to the exposures resulting directly from the accident, there will be exposures of
emergency teams during emergency and remedial action. Even in serious accidents, these can
be limited by operational controls. The doses incurred are likely to be higher than in normal
situations and should be treated separately from any normal doses. Emergencies involving
significant exposures of emergency teams are rare, so some relaxation of the controls for
normal situations can be permitted in serious accidents without lowering the long-term level
of protection. This relaxation should not permit the exposures in the control of the accident
and in the immediate and urgent remedial work to give effective doses of more than about 0.5
Sv except for life-saving actions, which can rarely be limited by dosimetric assessments. The
equivalent dose to skin should not be allowed to exceed about 5 Sv, again except for life
saving. Once the emergency is under control, remedial work should be treated as part of
the occupational exposure incurred in a practice." (Current authors emphasis)

This means that a clean-up operation will, in most cases, be considered as ordinary
radiological work under fully controllable conditions and only in exceptional cases can annual
dose limits be exceeded.

It is possible that decontamination operations might be dependent upon a small number of
key individuals such as health physics personnel, and operations could be placed under severe
pressure if such personnel are exposed to high doses early in a clean-up programme, which
excludes them from future activities in a contaminated environment. As a consequence,
management of dose exposures and manpower resources would be of crucial importance.

It is also important to consider doses to farmers working on their own contaminated land. In
this case they would be occupationally exposed and should be treated as normal radiation
workers and be subject to the same dose limits. In this respect it will not be any different if
farmers are doing work on their own initiative or through recommendations from the
authorities or if they are specially ordered and/or specially paid by the authorities to do the
work.

Thus the authorities will normally not recommend anyone to receive doses in excess of the
limits for this kind of work. It is, however, not a violation of the law or any other regulation
that might lead to a penalty if the farmer himself decides to continue his work despite the fact
that his dose has already reached the dose limit. The authorities can in this case only inform
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him of the risks and advise him to follow the recommendations. If possible, the authorities
should also give him support with surveillance of his accumulated dose. On the other hand, it
is not acceptable to the authorities if the farmer allows employees who work for him to
exceed the dose limits.

The same principles apply to house-owners, landowners and contractors. There is no penalty
if the recommended dose limits are exceeded by voluntarily actions undertaken by individuals
that are not working under employment conditions (working for someone else).

28.3 The principles of justification, optimisation and dose limits

The international recommendations on radiation protection outline a formal system of dose
limitations based on three ground principles, which in this field can be expressed as
justification of an intervention, optimisation of protection and compliance with specified dose
limits (ICRP Publication 60). This system is intended to apply whenever the source of
radiation is under control. After a major nuclear accident that results in widespread
contamination, a temporary loss of control may occur, during which time it may not be
possible to comply fully with the specified dose limits. However, by the time the clean-up
programme starts, the public would have been evacuated from highly contaminated areas and
the authorities would have re-established control. Thus, the justification and optimisation
principles would apply. The radiation doses accumulated by workers during a clean-up
operation of an area need to be balanced against those that might result (to the general public)
if clean-up is not undertaken. If the clean-up operation does not result in a net saving of
radiation dose then the operation is not justified from a strictly radiation protection point of
view. The optimisation process does, however, involve a further balancing of all kinds of
detriment and benefits in the two cases, e.g. economic and social costs and not only a balance
of radiation doses.

The optimisation process in radiation protection was suggested by ICRP (1977) and is
perhaps the most important concept in radiation protection. Keeping doses as low as
reasonably achievable (the ALARA principle) is considered to be an important tool in
optimisation and the dose limits should be regarded as the upper limit in this process. Thus,
for activities involving ionising radiation, where these activities are justified, it is not
sufficient to meet the requirements of dose limits, there should also be efforts made to reduce
individual doses further below those limits.

These considerations and the continually changing situation will place a particular burden of
responsibility on health physics staff and decision-makers. They should ensure that adequate
effort is put into planning and implementation of each stage of the clean-up to prevent
unnecessary exposure of workers and the general public.

28.4 Training programmes for workers and decision-makers

An important way of reducing occupational exposure is to minimise the time which workers
spend in radiation fields. Any technique that allows the clean-up workers to perform duties
more efficiently, or in a shorter time, will reduce exposure. It would therefore be sensible to
train operators in the necessary situation-specific decontamination procedures in a training-
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area with no contamination to give them the required skills before entering the clean-up area.
Such training will, on the other hand, only be efficient if started at the time after a major
nuclear accident, when it has been established what kind of problems the situation gives at
hand. It will thus most likely not be very useful to perform practical field training in a general
manner before an accident has happened, since the clean-up procedure to be used must always
be incident specific. It is e.g. not much use to teach a large number of clean-up workers to do
a special technique really quickly before you know which technique, of many available, that
is going to be applied in the real situation after an accident. Theoretical training in choosing
the right incident specific techniques etc. will on the other hand be useful to perform before
an accident for planning personnel and decision-makers.

Special personnel with responsibility for radiation protection of the workers should supervise
all clean-up actions. These supervisors should also have a good knowledge of the special
methods to be used and how to modify and use them in the most efficient way.

After a major nuclear accident, large areas may have to be cleaned with a large number of
workers involved. In this case the training of key workers to perform radiation protection
actions themselves may be desirable.

28.5 Applied radiation protection and safety of clean-up operators

This section addresses general requirements on radiation protection and equipment for
reclamation work.

28.5.1 General radiation protection principles in reclamation work
The work should be carried out in such a manner that the radioactive material is not spread
more widely. Thus special clothing should be used which will not be used outside the
contaminated area. In addition, personal precautions such as not smoking or consuming of
food during the work would be advisable to avoid intake of radioactive material. Finally
showering and changing to clean clothes after reclamation work would be advisable.

28.5.2 Equipment for radiation protection
The aim of using equipment for radiation protection is to accomplish three main goals:

1. To avoid inhalation of radioactive particles. This may be achieved by the use of
respirators/breathing protection for workers out in the field and clean-breathing-air-devices
(filtered air) for vehicle drivers. It may also be advisable to provide the workers with iodine
tablets to further limit the uptake of radioiodine by the thyroid gland.

2. To avoid direct contact between radioactive material and skin. This may be achieved by
using protective clothing.

3. To shield the working place (vehicle etc.) from the radiation source. This may be done by
the use of shielding by lead matting etc.
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28.5.3 Information and training on radiation protection topics
The following basic knowledge is necessary for all personnel involved in reclamation work:

1. Basic information on the nature of ionising radiation and its hazards, and
2. Basic information on how to protect oneself to minimise radiation dose

In addition key personnel and supervisors must also have:

3. Basic knowledge on the radiation protection organisation, the decision-making
process, procedures for dose measurements, the reporting and recording of results, and

4. Basic ability to improvise and from time to time improve the working conditions to
minimise the radiation dose

It is suggested that a minimum duration of one day is allocated for the provision of
information and training for key workers and supervisors which includes a basic test of
knowledge. The responsible authorities must decide the details in the educational programme
and the minimum level of competence. For other categories of workers it is suggested that
items 1 and 2 in the list above be covered during an information meeting arranged in co-
operation with the radiation protection authority.

It is further suggested that the training programme includes the opportunity for workers to
acquire the necessary skill in handling the equipment in a time-effective manner as discussed
in section 26.4.

28.6 Estimation of radiation doses in reclamation work

The absolute level of radiation dose received in a reclamation work is dependent on the type
of work and the level of contamination and radionuclides involved. It is therefore not possible
to give any generally applicable table on doses. The following examples are intended as a
guide in dose estimation for different reclamation work. All examples are based on fallout of
1 MBq nV2 of 137Cs.

28.6.1 Examples of radiation doses in reclamation of urban and suburban areas
The relatively highest external exposure rates in urban and suburban areas are found in
gardens. Deposition in dry conditions generally gives higher exposure rates compared to wet
deposition. However, the difference is not large enough to require a separation in dose
calculations taking all other uncertainties into account.

In urban areas with a deposition of 1 MBq m"2 the estimated mean external exposure rate in
gardens is 4 pGy d 1 which is equal to 0.17 uGy h"1. This is a relatively low exposure rate and
limitations in the exposure time for reclamation work would not be necessary.

The time required to do reclamation work in an urban area could roughly be estimated by the
following rule of thumb: The person-power-days in reclamation = the number of persons
living in the house to be decontaminated. The estimated doses from reclamation of a multi-
storey building with 30 flats (for about 75 people) would, in this case,
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be roughly 300 |iGy (J. Roed, pers. comm.)

Gardens in suburban areas are generally larger than in urban areas and this gives higher
exposure rates. A mean value for dose calculations would be 20 uGy d"1 which is equal to
0.83 uGy h"1. Limitations in the exposure time to avoid exceeding the equivalent dose limit of
0.5 Sv, however, would not be necessary.

A rule of thumb to estimate the time required doing reclamation work in a suburban area is: 5
person-power-days in reclamation work for each house. The estimated doses from
reclamation of one house would, in this case, not be more than 100 uGy.

28.6.2 Examples of radiation doses in reclamation of agriculture areas
Case Study 1
The following/Irs/ example assumes a case where relatively high exposure dose rates could
be expected from agriculture reclamation.

Suppose we want to cut a contaminated crop on a field during the same year in which the
fallout was deposited. The crop will contain a substantial fraction of the total contamination
of the land at an early stage after deposition. A standard value for the intercepted fraction
often used in calculations is 20%, but in some cases the fraction can be up to 50% for wet
deposition and up to almost 100% for dry deposition, depending on the type of deposition, the
type of crop and at what growing-phase the deposition occurred. It could therefore be
considered that some contamination could be removed from the land by harvesting the crop
and transporting it to a waste deposit area.

In this example the deposition is assumed to be 1 MBq 137Cs m"2. The external exposure dose

rate one metre above the ground will then be about 2 x 10"" Gy h"1, depending on the
shielding in the surface structure.

In a standard procedure the vegetation is first cut and left on the field. This is done by a single
person and will take about 1 h ha"1. The workers position on a tractor is one metre or more
above the ground and with a shielding factor (transmission factor) of 0.4 or better (Eriksson,

1983) due to the tractor, this will roughly give an external exposure dose rate of 0.4 x 210'6
Gy h"1 which is equivalent to 0.8 |aGy h"1 or 0.8 uGy ha"1.

The next step in the operation will be to pick up the harvested vegetation from the field and
transport it to the waste deposit. This will be carried out by a team of three workers; one at a
tractor with a loader, lifting the vegetation into a hay-cart, one worker at a tractor driving the
wagons from the field to the waste deposit area about 1 km from the field and one worker
changing and emptying the wagons at the waste deposit area. The third worker will mostly
work with a front loader. The working speed for this team is estimated to 1 ha h"'. The
worker on the loader in the field would receive approximately the same dose as the worker
doing the cutting i.e. 0.8 uGy h 1 or 0.8 uGy ha"1. About the same dose can be expected for
the worker at the waste deposit area. In order to calculate the dose to the worker transporting
the hay-carts, we have to make some additional assumptions. These are that the dry weight in
the harvest is 25% and that the wagon will take 30 m3 of load with a weight of approximately
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6000 kg. Thus, with a specific weight of 200 kg m , the dry weight will be 50 kg m 3 and 150
kg m"3 will be water.

Vegetation harvested during the growing season is expected to contain approximately 0.5 to
1.2 MBq kg"1 dry weight with a deposition of 1 MBq m Cs during rainfall (Eriksson,
1994). We have used the higher value here to calculate the total activity in the hay-cart, which
gives 1.2 MBq kg'1 x 50 kg m"3 x 30 m 3 = 1.8 GBq I37 Cs.

The physical dimension of the load of the hay-cart is approximately 3 m high, 2 m broad and
5 m long. The distance from nearest wall to the driver is assumed to be 4 m.

A calculation with the program SuperShield (developed by Shonka Research Associates
INC., 1992) gives an exposure dose rate at the drivers position of about 0.28 mR h"1 = 2.4
uGy h'1 with the assumption that the wall of the hay-cart does not give any shielding.
Assuming the hay-cart is empty about 50% of the time gives the driver a mean value dose rate
of
1.2(iGyh"'.

A sensitivity analysis of the parameters in the calculation shows that it is not very important
to consider the composition e.g. the fraction of water in the load as long as the correct specific

weight in kg m is used. The type of crop has thus little influence on the result. The amount
of radioactivity in the load is, as expected, the most critical parameter. Therefore the

parameter Bq kg gives the major part of the uncertainty in this calculation.

The calculation for this example has shown that the dose from the transportation of a hay-cart
between a field and a waste deposit area can be expected to be of the same order of magnitude
as that received from ground radiation. With extra shielding between the wagon and the
driver this dose can be further reduced. A shield equal to 1 cm of lead will give an exposure
dose reduction factor of about 0.6. This means that the dose with shielding is going to be 40%
lower than without shielding.

Conclusions of first example case study:

For wet deposition, a team of four workers is assumed to be involved in moving the crops
from a field to a waste deposit area. To be more precise, at least three persons need to work
together as a team. The first step in the procedure, cutting the crops, might be made separately
a few days ahead by some person in a team of three. In the calculations below the dose
received during the cutting procedure is (for simplicity of expression) regarded as person
number four. The individual dose will be slightly higher (ca 10%) if three persons instead of
four carry out the work. The collective dose for the work will not change.

Each person (in a team of four) will receive about the same radiation exposure from the
ground during the work. The worker transporting the hay-carts between the field and the
waste deposit will receive an additional exposure from this harvest load that is of the same
order of magnitude as that from the ground radiation. The team will together receive about (4

x 0.8 + 1.2) uGy h = 4.4 uGy h . After a full working day of eight hours, each worker will
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have received about 9 uGy, assuming that they interchange their tasks during the day. The
collective dose for the team will be about 35 uGy per eight-hour working day.

For dry conditions, where a possibly much higher fraction of the fallout could be contained in
the crop, the exposure from the hay-cart will be higher. If we assume that the fraction of
deposited activity in the crop is 100%, then the exposure dose rate from the full hay-cart to
the worker driving to the waste deposit area will be about twice the value calculated in the
above example. The exposure to the other workers in the example will be about the same as
before. Thus, the team will in this case receive about (4 x 0.8 + 2.4) uGy h = 5.6 |iGy h .
After a full working day of eight hours, each worker will have received 11 fiGy, assuming
that they interchange their tasks during the day.

If only three persons do the work - the cutting could be done some days ahead of
transportation and thereafter using only three workers at the same time for the rest of the work
- then the individual doses to each worker will be about 15 uGy per full working-day. The
collective dose for the team will be about 45 uGy per eight-hour working day. With a dose
rate of 15 \iGy per full working day it would take more than 33 000 working days before an
effective dose limit of 0.5 Sv per person would be reached.

Case study 2
For comparison, a second example is considered here assuming that a medium size hay-cart
with a capacity of 18 m^ is used instead of the large wagon of 30 m^. The working team is in
this case assumed to consist of at least two persons working simultaneously; one person at a
tractor with a loader, lifting the harvest into the hay-cart and the other person driving a tractor
with the hay-cart between the field and the waste deposit area where the wagon is emptied.
The working capacity for this team is about 2.5 h ha"1.

With other assumptions being the same as in the first example above with wet deposition, the
activity in the wagon will be (1.8 x 18 /30) GBq = 1.08 GBq of 137Cs.

The calculated exposure from the load on the wagon to the driver of the tractor will then be
0.22 mR h"1 = 1.9 uGy h"1 for wet deposition and (as before) about double at 3.8 uGy h"1 in
the case of dry deposition. Assuming the hay-cart is empty about 50% of the time it will give
the driver a mean value dose rate of 1 uGy h"1 with wet and 2 uGy h"1 with dry deposition.

Conclusions of second example case study
The radiation doses to the team with wet deposition will be (2 x 0.8 + 1) uGy h"1 =
2.6 uGy h"1 or 6.5 uGy ha"1. After a full working day of eight hours, each worker will have
received 10 uGy, assuming that they interchange their tasks during the day. The collective
dose for the team will be about 20 uGy per eight-hour working day.

In the case of dry deposition double the radioactivity occurs in the wagonload, and the
radiation doses to the team at dry deposition will be (2 x 0.8 + 2) uGy h"1 = 3.6 uGy h"1 or 9
uGy ha"1. After a whole working day of eight hours, each worker will have received about 15
uGy, assuming that they interchange their tasks during the day. Hypothetically it would in this
case take over 35 000 working days before an effective dose limit per person of 0.5 Sv would
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be reached. The collective dose for the team will be about 30 |iGy per eight-hour working
day.

Summary and comparison of the two examples from agriculture reclamation work
From the examples given above, the mission to move a harvested crop from a field to a waste
deposit area have been compared in Table 7.1, which also gives a summary of the key
parameters.

Table 7.1 Summary of example cases where two teams of workers remove contaminated
crops from a field deposited with 1 MBq I37Cs m2, to a waste deposit area.

Parameter
Radiation from ground
during work on a
tractor (shielding 0.4)
Specific weight of
crop
Hay-cart load
Time per hectare

Activity in the load on
the hay-cart
Exposure dose rate
from load on hay-cart
to driver
External collective
dose for 8 h work
External dose per
worker for 8 h work
External collective
dose per hectare
External dose per
worker per hectare

Team of three workers

0.8 uGy h"1 (to each worker)

200 kg m"3

30 m\ 6000 kg
l h

Wet deposition

1.8 GBq

2.5 uGy h1

30p.Gy

10(iGy

3.6 uGy

1.2 pGy

Dry deposition

3.6 GBq

5.0 pGy h"1

40uGy

13 uGy

5.0 uGy

1.7 uGy

Team of two workers

0.8 uGy h 1 (to each worker)

200 kg m"3

18 m3, 3600 kg
2.5 h

Wet deposition

1.1 GBq

1.9 pGy h"1

20p.Gy

10p.Gy

6.5 pGy

3.3 |iGy

Dry deposition

2.2 GBq

3.8 |iGy h/1

30uGy

15uGy

9.0 pGy

4.5 (iGy

Note: A three-person-team is compared to a two-person-team. There was actually one more
person involved in each of the two examples from the agricultural area above. Or, to be more
correct, one more task was handled, namely the first step of cutting the grass prior to moving
the crop from the field to the waste deposit area. The person doing this would, however, be
doing the same job in the same period of time in both examples. Thus the doses received will
be the same (0.8 p.Gy h 1 or 6.4 uGy d ') in both cases and this task will not influence the
comparison. It was therefore excluded from the comparison table.
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29. Conclusions on radiation protection and safety of clean-up
operators

The external radiation exposure arising from reclamation work does not seem to lead to

unmanageably high doses. With fallout of 1 MBq m of 137Cs the doses can be expected to be
no more than 20 uGy d"' as long as the reclamation work does not include handling of fallout
in a more concentrated form.

The relatively highest exposure rates in urban and suburban areas are found in gardens and
deposition occurring in dry conditions generally gives as a rule higher exposure rates
compared to wet deposition. The difference is, however, in this case not large enough to
require a separation in dose calculations taking all other uncertainties into account. Exposure
rates are about 5 uGy d"1.

The gardens in suburban areas are generally larger than in urban areas and this gives higher
exposure rates. Reclamation work close to large trees and in the woods may also lead to
higher doses, in some cases in excess of 20 uGy d"1. However, limitations to the exposure
time to avoid exceeding the equivalent dose limit of 0.5 Sv, will generally not be necessary
with this level of fallout.

The time required to do reclamation work in an urban area could roughly be estimated by the
following rule of thumb: The person-power-days in reclamation = the number of persons
living in the house to be decontaminated. The dose from reclamation of a medium-sized
multi-storey building has been roughly estimated to be 300|iGy. A rule of thumb to estimate
the time required doing reclamation work in a suburban area is: 5 person-power-days in
reclamation work for each house. The doses from reclamation of one house would in this case
not be more than 100 uGy.

The doses from an agriculture reclamation work on a 100 hectare field that will take about 12
working-days has been estimated to be roughly 500 uGy.

Precautions to avoid inhalation and intake of radioactive material should always be
considered to avoid doses from internal radiation. This should not be too difficult to achieve
by using respiratory protection and keeping precautions such as not smoking or consuming
food during the work in order to avoid intake of radioactive material, and finally showering
and changing to clean clothes after reclamation work.

From a radiation protection point of view it can also be concluded that it is better to use a
larger team in reclamation work if their work is more efficient per person-hour compared to a
smaller team. If the working conditions are comparatively the same for a large team as for a
small team then the shorter time it takes for the large team to complete the work leads not
only to smaller individual doses but also to a smaller collective dose.
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