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Foreword

The Basic Safety Standards for the health protection of the general public and workers
against the dangers of ionising radiation! incorporate values of activities not 1o be exceeded so that
the requirements for reporting and obtaining prior authorisation of activities involving a hazard
arising from ionising radiation need not be applied (article 4 of Council Directive 80/836). For this
purpose all relevant nuclides have been classified in four groups, according to their relative toxicity.
Also radioactive substances of a concentration of less than 100 Bq g™ are exempted from this
requirement, this limit being increased to 500 Bg g'1 for solid natural radioactive substances. These
exemptions, while allowing competent authorities in Member States to disregard a multitude of
trivial practices, have so far not given rise to any situations where the health of the general public
or of workers were put at risk. However, the opportunity of a major revision of the Basic Safety
Standards, to bring these in line with the recommendations of ICRP (publication 60), was taken to
introduce a more transparent and consistent methodology for establishing exemption levels on a
nuclide-specific basis. The Group of Experts set up under Article 31 of the Euratom Treaty advised
the Commission on these matters and the Commission entrusted the task of establishing an adequate
rationale and of calculating the corresponding levels to two European organisations, the National
Radiological Protection Board (Chilton, UK) and the Institut de Protection et de Sécurité Nucléaire
(Fontenay-aux-Roses, France). The excellent interaction of both organisations with each other and
with a Working Group of Art. 31, chaired by Professor R Clarke, ultimately led to the present joint
report. This report was discussed thoroughly at the plenary Art. 31 meeting of 22 June 1993 and
the proposed methodology and resulting values were finally endorsed. The Commission of the
European Communities acknowledges this advice and the efforts spent by all those involved in this
work, and is pleased to use this report as the basis for the exemption levels laid down in its proposal
for revised Basic Safety Standards

S. FINZI, Director.

ICouncil Directive 84/467 EURATOM (OJ no L265/4)
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Introduction

In the European Community, and in the context of the EURATOM Treaty', the Basic
Safety Standards Directive? addresses Member States and its provisions are incorporated into
national radiation protection legislation and regulatory measures.

National legislation may lay down specific measures, eg, constraints, rules, codes of
pracuices, for different categories of practices or sources. The competent authorities may specify
independently a number of criteria or type specificatons applicable to sources, instruments,
containers, eic... Further, administrative procedures may vary from one country to another because
of different regulatory frameworks.

In addition to the general legislation, there is a discretionary power of competent authorities
at the level of the individual practice or undertaking. This power is exercised most clearly with
practices requiring prior authorisation. A third major component of regulatory control is that of
verification. This applies both to on-site inspections and to the examination of information provided.
Such information is, for example, provided to the competent authorities on the basis of the general
requirement of reporting.

An essenual requirement of any sound regulatory structure is to present a clear definition
of its scope: certain sources or practices may be excluded from regulatory requirements or
exempted from regulatory supervision.

One reason for such exemption is when the radiological risk or detriment associated with
the practice is so small as not to warrant the imposition of the system of reporting or pror
authorisation. The basis for calculating exemption levels is to establish a series of exposure
scenarios covering use, misuse and disposal of materials in the relevant practices, and then to
compare the resuiting exposures with the appropriate dose criteria.

In the context of revising the European Directive laying down the basic standards for the
protection of the health of the workers and the general public againsi the dangers arising from
ionising radiation, CEC-Directorate General XI has awarded the Institute for Nuclear Safety and
Protection (IPSN-France) and the National Radiological Protection Board (NRPB-UK) the task of
establishing numerical values for setting up exempton levels for reporting (Annex 1 of the
Directive).

The objective of this document is to present the concepts and methods for establishing
concentrations and quantities (exemption values) below which reporting is not required. This is
based on work undertaken by IPSN, NRPB and CEPN to clarify the methodological principles of
the exemption procedure and to establish the numerical values for the European Directive.



1 Principles of Regulatory supervision in the field of ionising
radiation

The following paragraphs present a short overview of these regulatory procedures with
emphasis on the role of the reporting and prior authorisation systems.

1.1 Reporting

Reporting is a procedure enabling surveillance of sources and practices by obliging source
owners to notify the authorities of the possession of such sources or of the iniuation of practices.
This means that, as soon as the conditions defined by the regulations have been satisfied, the
authorities must issue the corresponding formal acknowledgement. Reporting proceedings are
generally straightforward. With such a procedure, practices benefit from unrestrained freedom at
the outset and are only subsequently subjected to control. Since the practice theoretically should
involve only slight drawbacks and minimum risks, the observance of a few general precautonary
measures would normally suffice 1o ensure that it remains completely harmless. This may or may
not be supplemented with relevant instructions of a general nature for specific practices or categories
of sources.

1.2 Prior authorisation

Prior authorisation only allows the practice to be carried out providing an authorisation is
granted. It is mandatory in the event of serious dangers or drawbacks whereby the authorities can
exercise particularly rigorous surveillance. It requires that implementation of each practice shall be
individually examined and submitted 1o formal acceptance by the authorities. With such a procedure
practices are subjected to prior control by the authorities who can oppose their initation or, if they
are accepted, can impose various requirements on them concemning radiation and safety, depending
on circumstances. The fulfilment of these requirements will be continued to be verified by the
authorities. Moreover, in all cases where the requirements have not been respected or where the
conditions of prior authorisation have changed, it can be withdrawn or modified.

1.3 Prohibition

Prohibition constitutes an exceptional regulatory system since its purpose is to forbid one
or several practices. In the field of radiological protection, prohibitions may be justified in two
types of circumstances: practices are forbidden because they do not conform with the principle of
Justification recommended in the ICRP radiological protection system, or because they give rise to
doses leading to risk levels which are deemed unacceptable.

1.4 Exemption

Exemption can be defined as relief from the obligation 1o comply with a condition imposed
by law or by the public authorities. Consequently, the word "exemption” should never stand alone
and one should always specify from which requirements or provisions there is exemption. Law
tends 10 exempt all that is worth less than its intervention. Its implementation requires time and
money and if the advantages to be obtained are too slight, the benefit is nullified by the cost of
carrying it into effect.



The exemption principle associates the idea of negligibility and control efficiency with the
scope of the regulatory provisions. Below a cenain level of risk, the pursuance of regulatory
supervision proves inefficient or even harmful from the social standpoint. In this perspective,
exemption should be envisaged as the limit of what is to be considered as warranting supervision
on the part of the competent authority. Such an approach contributes to efficient management,
helping to avoid drawing the attention of the competent authorities to situations of no interest from
the legal standpoint and, on the contrary, to focus attention on situations involving a manageable
potential risk.

1.5 Exclusion

Exclusion of a subject or situation from the scope of the regulatory provisions may be
defined as acknowledgement of limits beyond which the law cannot apply and consequently cannot
regulate. It can also be defined as a social decision to refrain from including within the scope of
the regulations subjects and situations where regulatory control would prove difficult or even
unrealistic.

2 Scope of the exemption system in the European Directive

2.1 The reporting system in the Directive

Basically, the Directive applies to any practices or intervention sitations which involve a
hazard from ionising radiation. It govems the production, processing, handling, use, holding,
storage, placing on the market, exportation and disposal of radioactive substances. The Directive
stipulates that each person who, or undertaking which, carries out the practices listed above shall
report them. However, the Directive extends this with, on the one hand, exceptions via the
exemption system and, on the other hand, provisions for prohibition and compulsory prior
authorisation for activities particularly liable to endanger public health.

With a view to simplifying the administrative procedures, the Directive stipulates that
authorisations may be granted for a continuous practice and for the use of several sources over a
predetermined period. The principles covering reporting and prior authorisation are set out in
Articles 3 and 4 of the Directive: Article 3 states the general requirement of reporting and rules for
exemption from the same requirement, Article 4 specifies the cases where prior authorisation shall
be required. The strictest regulatory requirements are associated with the practices covered by
Article 4, and therefore only these practices are listed clearly (as are those of Aricle 5
corresponding to prohibitions).

2.2 Practices to which reporting is not required

Article 3, paragraph 2 sets out "practices for which no reporting is required”. Its purpose
is to avoid imposing inefficient requirements in particular on users of small quantities of radioactive
substances (cases a and b). The Directive does not provide an exhaustive list of practices but
merely specifies that the practices involved are "the use of radiaoctive substances or their subsequent
disposal”. Annex 1 of the Directive provides numerical values for exemption levels in terms of total
activities or activity concentrations of radioactive substances.

It is important to distinguish these exemption levels from levels which may be applied to
radioactive substances already under the system of regulatory control but that are eg, cleared
for release. The term clearance levels is proposed for the latter situation. Practices related to



Article 4 are subject to the prior authorisation requirement owing mainly to - but not exclusively -
the large amounts of radioactive substances involved. In particular, this i1s the case with both the
disposal of radioactive substances and the recycling of material arising from the nuclear industry.
Competent authorities could specify clearance levels in terms of activity concentrations, below which
materials may be recycled or disposed of from nuclear plants. Clearance levels should be derived
on the same radiological basis as that established for exemption. The derivation of these clearance
levels should take into account the larger quantities of materials involved and the specific processes
concerned. Consequently, it would be incorrect to refer to the values in Annex 1 to define clearance
levels for disposal of radioactive substances or for the recycling of materials from nuclear plants.

In view of the earlier considerations, Annex 1 refers to practices involving small scale
usage of radioactivity where the radiological risks incurred from the use, misuse and subsequent
disposal are too small to warrant regulatory concermn. Such practices may include the following uses

of radioacuvity:

- surface density gauges (B emitters)

- tesung the integrity of semiconductors and leak testing generally (eg, 8Kr)
- in education (eg, sealed sources for demonstrating properties of radiation)

- technological application (eg, 3Ni in gas chromography)

- smoke detectors (eg, 241Am)

- research laboratones (eg, 14C and 32P as tracers in biochemical research)

- hospital laboratories (eg, radio-immunoassay techniques).

This list is not exhaustive and some other practices may be relevant for the application of
the Annex 1.

2.3 The particular case of natural radioactivity

In the Directive, exposure to natural radiation sources is dealt with in general as an
intervention situation and not as a practice. The scope of the Directive however extends to natural
radiation sources at work in uranium mines and other workplaces as specified in Title VII (to the
extent that the competent authonty has declared that exposure to these natural radiation sources is
subject to control).

The occupancy of dwellings is exempted from reporting, as are any other exposures to
natural sources (Article 3), except uranium mines and without prejudice to Title VII. There are very
few other situations where exemption from reporting could aply to natural radiation sources. It does
not immediately apply to exposures at the workplace (discretionary power of the authorities), nor
to the exposure of members of the public through the disposal of natural radioactive substances
(prior authorisation is required under Article 4). The scope of application of exemption under article
3a and b is therefore merely the incorporation of naturally occurring radionuclides in consumer
products (1o the extent that this is not regarded as "deliberate addition” in terms of Article 4C) or
their use as a radiaoctive source (eg, Ra-226, Po-210) or for their elemental properties (Thorium,
Uranium). The latter imply extraction and purification of the substances to an extend that they
would no longer be regarded as "natural” radiation sources.



2.4 Apparatus containing sealed sources and electrical equipment

The exemption of radioactive substances from the requirement of reporting is based solely
on its radicactivity content (in terms of total activity or activity concentration) with disregard of the
physico-chemical form of the substance or of its mode of fixation. Apparatus containing radioactive
substances exceeding the quantities or concentration values specified in Annex 1 as well as electrical
equipment can be exempted from reporting provided they are of a type approved by the competent
authority. Thus a regulatory control has preceded the placing on the market of such apparatus
containing radioactive substances; the approval must ensure that the structure of the source
guarantees effective protection against any contact with the radioactive substances and against their
leakage or dispersion into the environment (cf. definition of "sealed source”). Even though it is
understood that this protection should be guaranteed under "normal conditions of use”, the
authorities will surely take into account the possibility of misuse of the apparatus and corresponding
accidental dispersion. Accidental external exposure may occur if contact with the source is possible
upon dismantling. The definition of "accessible surface” should therefore be interpreted in the sense
that access to internal parts of the source is very difficult or impossible and even then would not
cause harmful exposure. The same applies to electrical equipment (X-ray generators, electron
microscopes) for which access to the direct radiation beam is precluded.

In view of these potential hazards, the authorities may associate the approval of the type
of apparatus with conditions guaranteeing their safe use, eg, adequate labelling, prescriptions or
warnings in an accompanying leaflet, etc... Some form of documentaton must accompany the
source so that the purchaser may know that it is of an approved type. In the absence of such
documentation the user should assume that the source needs to be reported.

In general, disposal of the source following its normal use will be prohibited. There may
be exceptions such as short-lived sources or sources incorporating a modest amount of radioactive
substances. Indeed, the protection against leakage or dispersion will not be secured indefinitely in
case of disposal. The type approval of the source may indicate e.g. whether the source may be
disposed of without precautions or rather will need to be returned to the producer. Sources with
very high content of radioactivity of course need to be of an approved type, but the authorities may
require in addition that their use, tansport, etc... be reported or even be subject to prior
authorisation. Special rules may apply to mobile sources.

3 Methodology for deriving exemption levels

3.1 Principles for deriving exemption levels
According to ICRP 60° (section 287 10 290):

“There are two grounds for exempting a source or an environmental situation from
regulatory control. One is that the source gives rise to small individual doses and small collective
doses in both normal and accident conditions. The other is that no reasonable control procedures
can achieve significant reductions in individual and collective doses. The basis for exemption on
the grounds of rivial dose is much sought after, but very difficult to establish.... The second basis
for exemption calls for a study similar to that needed in the optimisation of protection. It provides
a logical basis for exemption of sources that cannot be exempted solely on the grounds of rrivial
doses, but for which regulation on any reasonable scale will produce little or no improvement.”



Regarding the first approach 10 exempuon, a ‘trivial’ dose could only be determined by
comparison with social activities involving a risk”". On this basis, a trivial "additional" risk would
be in the region of 107, or even 107 if the vast array of potential sources of risk is taken into
account.

The second approach proposed by ICRP for the determination of reporting levels is based
on the faci that beyond a certain level of exposure, no significant improvement is possible. The
suggestion of ICRP is to determine, by means of an optimisation-type approach, the protection level
beyond which any action would produce only negligible benefits in terms of exposure miugation.

3.2 Dose criteria

Generally, as in this report, exemption is expressed in terms of derived quanuties such as
activily concentrations or activities (quantities) of radionuclides which are related to the dose cniteria
by a set of defined models representing the practices being considered.

The radiological basis for exemption from regulatory control has been reviewed by the
IAEA* who concluded that an annual individual dose” ~ of a "few tens of microSieverts" or less
provided a basis for exemption. Furthermore, in order to take account of exposures of individuals
from more than one exempt practice, it was recommended the critical group exposure from one such
practice should be of the order of 10 uSv y'l. This recommendation has been followed.

The IAEA also require the collective dose commitment to be ALARA and suggest that it
may be assumed to be so if it is below 1 manSv per year of the practice. For most radionuclides
the collective dose i1s dominated by the dose to the most exposed individual. Hence, exempt levels
based on the individual dose criterion and the scenarios considered here will ensure that the
collective dose commitment is well below one manSv. Collective dose commitments calculated in
a preliminary s[udy6 for the exempt levels based on the individual dose criterion ranged from
10% manSv to 3 10 manSv.

Additional radiological protection criteria may, however, be required. In some
circumstances it is possible for selective localised exposure of the skin to occur from, say, handling
a radioactive source. In order to exclude the possibility of any deterministic effects, a limit on the
annual dose to skin of 50 mSv has been adopted. This limit is applied 10 the area of skin in contact
with the source, ie, a few tens of square centimerres.

When accidents or misuse are being considered then the probability that the exposure will
occur is taken into account. In other words, the probability weighted dose is compared with the
dose criteria.  This approach is consistent with that recommended in the most recent
recommendations of ICRP>. Moreover, the accompanying exempt levels are set such that even in
pessimistic situations the dose limit for members of the public, 1 mSv y‘l, would not be exceeded.
The dose criteria used in the study are given in Table 1.

%

In this context risk means the annual attributable risk of death.

*"*Unless otherwise stated, in this paper the term dose refers to effective dose as defined in ICRP
Publication 60°. The only exception is skin dose which refers to the equivalent dose to areas of the
skin. Effective doses from intakes are estimated from dose per unit intake data published by the
UK National Radiological Protection Board®.



3.3 Choice ot radionuclides and physical form

About 300 radionuclides were considered in this study. Their possible uses and their related
physical forms were reviewed in consultation with European experts involved in advising small-scale
users of radioactivity materials. .

About 100 of the radionuclides considered in the study were identified as currently having
actual or potential uses. Each of these radionuclides was identified as being used in one or more
of the following physical forms: gas/vapour, liquid/solution, dispersible solid (eg, powder), non-
dispersible solid, thin film/foil and sealed source/capsule. The likely physical forms of those
radionuclides for which no current use was identified were determined by consideration of the
physical and chemical propenies of the element in question.

The types of situations and applications in which the various physical forms are
encountered include the following:

i) Gaseous radionuclides such as 8°Kr are supplied in sealed glass or metal containers. These
may either be used as beta sources (for example, in surface density gauges) or the gas may
be used in the unsealed form, for example, in testing the integrity of some semiconductor
devices. Both routine disposal and accidental releases will give rise to dispersion of the
radionuclide in the atmosphere.

(11) Many radionuclides are used in the form of liquid solutions, in a wide range of
applications. Examples include the use of 99mTe in diagnostic nuclear medicine and 32p
in biochemical research. Occupational exposure may occur as a result of handiing
containers of liquid (external exposure) and inadvertent intakes of spilt material
(contamination). Liquid wastes arise inevitably from the use of these materials.

(iii) Radionuclides can exist in the form of dispersible solids in a variety of ways such as, for
example, finely divided process maierials containing isotopes of the natural radioactive
elements uranium and thorium. Almost all the radionuclides considered in the study could
potentially be present in the form of dispersible solid low level wastes. In the case of
natural radionuclides, exposure pathways arising from non-dispersible solid forms were also
considered.

(iv) Sealed radioactive sources are commonly prepared in two forms: either a thin film, usually
fixed on a carrier substrate, examples include 241Am sources used in ionisation chamber
smoke detectors and ®*Ni sources in some gas chromatographs; or as an encapsulated peliet
or similar. The latter method of construction is very commonly used for gamma emitting
radionuclides such as *’Cs and ®Co.

Some of the radionuclides considered have decay products (daughters) which are themselves
radioactive and need to be taken into account when assessing exposure. Table 2 shows a list of all
the decay sequences considered in the calculatons. The daughters considered have half-lives
sufficiently short, relative to their parents that secular equilibrium would be likely to be established
within the timescales considered in the exposure scenarios.

Two special decay sequences have also been included consisting of 238 and 22Th each
in secular equilibrium with all their decay produces (these sequences occur in nature). These are
referred to in this report as 2*%Uy, and 22Ty



3.4 Scenarios and models

The scope of this study was 1o consider the doses arising from the use, misuse and disposal
of radioactive materials and then to compare the resulting doses with the appropnate dose criteria.
The first step was, therefore, to establish a set of exposure scenarios and pathways that covered the
range of possible exposures. A total of 3 scenarios and 24 exposure pathways were identified as
the most relevant following consultation with European experts and a review of existing
calculations®’®.  The three scenarios are normal use (workplace), accidental (workplace) and
disposal 10 landfill (public). Each of these scenarios gives rise to doses via one or more pathways
and therefore the doses from the relevant pathways are summed to give a total dose from the
scenario before comparing with the dose criteria. The scenanios are listed in Table 3 and briefly
described below. The associated formulae and radionuclide dependent data are listed in Appendices
A and B.

(a) The Normal Use (workplace) scenario represents the use of small amounts of radionuclides
in industry eic, in the manner for which they are intended, and involves external exposure
and inadvertent intakes of radioactive materials.

Exposures to the pubic arising from normal releases of activity are adequately covered by
this workplace scenario.

{(b) The Accidental (workplace) scenario represents abnormal procedures or incidents that might
occur during the routine use of small amounts of radionuclides. These situations may lead
10 exposures via a range of external, inhalation and ingestion pathways.

©) The Disposal (public) scenario represents a member of the public becoming exposed after
subsequent disposal of the source. This situation may lead to external, inhalation and
ingestion pathways. Both normal and accidental situations are considered.

The scenarios were used to calculate both exempt concentrations and quantities but the
exposure pathways and parameter values used in the calculation of exempt concentrations differ
from those used for exempt quantities. The difference arises because it is assumed that users may
hold as much activity as they wish provided that the calculated activity concentration Limits are not
exceeded. As a result, the activity concentration pathways are generally more pessimistic. For
example, it is assumed that the working environment is uniformly contaminated throughout the year
and that intakes normally occur via inhalation and ingestion; external exposure is also assumed. In
contrast the total activity scenarios represent small sources of higher activity concentration and in
such circumstances exposures via dispersion during accidents and skin contact exposures become
important.

3.5 Calculation of exemption levels

Doses arising in the scenarios were calculated using the formulae and parameters listed in
Appendices A and B. These doses were then used to establish exemption activities and activity
concentrations for the radionuclides, as listed in Tables 4 and 5, using the methodology outlined
below and in Figure 1.



3.5.1  Dose calculations

Figure 1 illustrates the general methodology for the calculation of exemption levels. Doses
to individuals in the workplace and to members of the public are obuained for an activity
concentration of 1 Bg g'l and an activity of 1 Bq. It is assumed that the total inventory of
radioactive substances in the considered entity at any time remains 1 Bq g'l orl1 Bqg. Thisisa
conservative assumption since in the case of short-lived nuclides, the average inventory will be much
smaller. The two sets of scenarios used to calculate doses from unit activity levels and unit acuvity
concentration levels are illustrated in more detail in Figures 2 and 3.

Figure 2 shows that an actvity of 1 Bq is represented by a single source of a form
described in section 3.3. This source remains undiluted for exposures from Normal Use and
Accident (workplace) situations. Used sources are assumed to be disposed of on a landfill site,
where exposures may occur following a decay period taken to be 24 hours; a member of the public
may accidentally tamper with the source which is assumed to be diluted for the external pathway
and undiluied for the ingestion, inhalation and skin exposure pathways.

In the unit activity concentration calculations (Figure 3), the source is assumed to remain
undiluted for Normal Use (workplace) and for one of the Disposal (public) pathways (ingestion),
and to be diluted for the other Disposal (public) pathways (external and inhalation).

The generic formula used to calculate doses is as follows:

D=(AorQ)fTRUs Svy'!

The term D is the equivalent dose for skin doses, the effective dose for whole body doses
or commitied effective dose for intakes of radionuclides.

The terms A and C are the activity (1 Bq) or acuvity concentraton (1 Bq g'l) respectively.

The terms f, T, U and s are all scenario dependent parameters whose values are given in
Appendix A.

The term R is the radionuclide dependent parameter, for which values are given in
Appendix B.

The term f is the fraction of A or C which contributes 1o the dose, D. This may be
expressed, for example, as a fraction which contaminates the individual, eg, Accidental-spillage or
Accidental-ingestion from contaminated hands. The dose is likely to be very sensitive to this
parameter but it will vary with each situation, and may be difficult to predict.

The term T is the time for which an individual is exposed to the source, (h y'h). The
exposure time taken is generally realistic, for example, in the Accident (workplace) scenario, it is
assumed that an individual is exposed for 10 minutes before decontamination takes place.

The factor U is intended to convert A or C into units consistent with those of the dose
factor, R. This conversion.depends on the physical properties of the source, eg, mass, surface area
and the form of the source at the time of exposure.

The term s represents the probability of an exposure occurring in a year. This is used in
situations where it is not certain that a dose will occur in a year, ie, Accident (workplace) scenario
and some Disposal (public) pathways. The probability chosen for all these situations was 1 102 per
year; this assumption is discussed in more detail in Appendix C. Brefly, it ensures that, even if the
event occurs, the effective dose to the individual would not exceed 1 mSv, the ICRP dose limit for
members of the public. The doses calculated for these accident situations are termed average annual
doses and are the product of the dose if it occurs and the annual probability that it will occur.

9



The term R is the radionuclide dependent dose factor, for a given pathway and the values
are given in Appendix B. This facior may be modified by a geometry factor if the size of the
source is smaller than the geometry assumed when deriving the dose factors; for example, when
calculting the external dose from a 0.1 m? gas bottle the dose factor for an infinite slab is modified
to account for the size of the gas bottle by multiplying by a geometric factor.

The values of f, T, U and s are necessarily arbitrary to some degree, as there is
considerable uncertainty surrounding the ‘real’ values; in general, realistic assumptions were made.
The radionuclide dependent data are largely standard dosimetric data from the literature.

3.5.2 Exemption level calculations
The exemption levels were calculated using the dose criteria in Table 1 and dividing these
by the maximum doses obtained for each scenario and radionuclide, as follows:

. Annual individual dose criteria
Exempt level for each scenario =

Dose per unit activity (Bq) or activity concentration (Bq g ™)

These were calculated for both skin doses and effective doses. For the Normal Use
(workplace) and Disposal (public) scenarios the dose for each scenario was the sum of the effective
doses from all the pathways considered. For the Accidental (workplace) scenario, the two basic
types of accident (spillage and fire) were treated separately.

The smallest (most restrictive) exempt level for each radionuclide and waste form was
determined from the two workplace scenarios and the public scenario, as shown in Figure 1. These
values are presented in Table 4 together with the corresponding dominant pathway. It should be
remembered that the exempt level for each scenario is based on the sum of doses from several
exposure pathways.

These values were rounded up or down as follows: if the calculated value lies between
310X and 3 10**!, then the rounded exemption level is 10**!. For example, 6 107 would be
rounded up to 10% whereas 2 10° would be rounded down to 10°. The rounded values are given
in Table 5, together with the corresponding dominant pathway.

4 Results and Discussion

4.1 Exemption activities

From Table 5 it can be seen that rounded activity values range between 1 10 Bq for most
a-emitting actinides, 1 10° Bq for 3H and **Mn, which are low energy B-emitters and even up to
11012 Bq for Kr 83 m, which is a short lived noble gas.

The exemption activity for a-emitting actinides is usually determined by the exposure from
inhalation to a member of the public on a landfill site (a pathway which dominates for the
actinides). The exemption activities for 3H and 53Mn are based on ingestion by a member of the
public on a landfill site.

As a general rule the exemption values for gamma and beta emitters tend to be based on
skin doses to a worker handling a source, or external effective doses. However, some of them have
exempuon activities based on internal doses to a worker accidentally inhaling smoke from a fire,
or to a member of the public ingesting material from a landfill site.
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4.2 Exemption activity concentrations

From Table 5 it can be seen that the rounded exemption activity concentration values range
from 1 Bq g'l for most c-emitting actinides to 1 10° Bq g'l for °H and *’Ar.

For the majority of radionuclides the exemption concentranons are based on external
exposures arising in the workplace from standing near a source such as a store cupboard (see
Appendix A). The exemption activity concentrations for radionuclides which are used in a gas form
(including 37Ar) are due to external doses from standing close to a gas botde. For the remaining
radionuclides (notably some of the actinides) the exemption activity concentrations are a result of
doses from inhalation in the workplace or ingestion by a member of the public on a landfill site.

4.3 Discussion

In calculating exemption concentrations and quantities it has been assumed that there is no
limit on the quantity of radioactivity that can be held provided it is below the exemption
concentration; similarly, there is no limit to the activity concentration provided that the total activity
limit 18 not exceeded.

These exemption values should be distinguished from clearance levels. The latter apply
to radioactive substances already under reporting, registraton or licensing that are for instance
cleared for release.

Application of the rounded levels is expecied to result in effective doses to the critical
group of no more than around 10 pSv per year with doses of no more than 50 mSv per year to
irradiated areas of the skin. Furthermore, these exposures are calculated for realistic exposure
situations but even if unlikely, or pessimistic, exposure situatons prevailed the dose limits for
members of the public of 1 mSv per year (effective} and 50 mSv per year (skin) would not be
exceeded. This is self evident for the Accident (workplace) scenario for exempt total activities but
is not immediately obvious for the Accident (workplace) scenario for exempt activity concentrations
as these were not explicitly calculated. However, it can be demonstrated by considering the
parameter values used in the normal use scenario as follows: for the external pathway an exposure
time of 100 hours was assumed for the normal use scenario. Therefore the maximum annual dose
that could occur via this pathway is around 0.7 mSv, assuming continual occupancy. Furthermore,
a dust loading of 40 pg m~ over the working year (2000 hours) was used to calculate inhalation
doses for the normal use scenario. In order to incur a dose of 1 mSv the dust loading would have
to reach 4 mg m™ which is verging on an intolerably dusty atmosphere. Similar considerations
apply to the ingestion pathway.

5 Conclusion

Exemption concentrations and quantities for around 300 radionuclides have been calculated
using defined exposure scenarios and pathways. The calculated values (Tables 4 and S5) apply to
practices involving small scale usage of activity where the quantities involved are at most of the
order of a tonne. The values take into account use, misuse and subsequent disposal.
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TABLE 1 Radiological protection criteria fot
choosing exempt activities and activity
concentrations

Annual dose criteria (mSv)
Effective Skin
normal situations 0.01 50
| pessimistic situations 1 50
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TABLE 2 List of radionuclides with short-lived daughters assumed to be In secular equllibrium

Parent Daughters included in secular equilbrium |
Sr-80+ Rb-80

Sr-90+ Y-90

Zr-93+ Nb-93m

Zr-97+ Nb-97

Ru-106+ Rh-106

Ag-108m+ Ag-108

Cs-137+ Ba-137m

Ce-134+ La-134

Ce-144+ Pr-144

Ba-140+ La-140

Bi-212+ TI-208 (.36), Po-212 (.64)

Pb-210+ Bi-210, Po-210

Pb-212+ Bi-212, TI-208 (.36), Po-212 (.64)

Rn-220+ Po-216

Rn-222+ Po-218, Pb-214, Bi-214, Po-214

Ra-223+ Rn-219, Po-215, Pb-211, Bi-211, TI-207

Ra-224+ Rn-220, Po-216, Pb-212, Bi-212, TI-208 (.36), Po-212 (.64)

Ra-226+ Rn-222, Po-218, Pb-214, Bi-214, Po-214, Pb-210, Bi-210, Po-210

Ra-228+ Ac-228

Th-226+ Ra-222, Rn-218, Po-214

Th-228+ Ra-224, Rn-220, Po-216, Pb-212, Bi-212, TI-208 (.36), Po-212 (.64)
Th-229+ Ra-225, Ac-225, Fr-221, At-217, Bi-213, Po-213, Pb-209

Th-232 N Ra-228, Ac-228, Th-228, Ra-224, Rn-220, Po-216, Pb-212, Bi-212, Ti-208 (.356), Po-212 (.64)
Th-234+ Pa-234m

U-230+ Th-226, Ra-222, Rn-218, Po-214

U-232+ Th-228, Ra-224, Rn-220, Po-218, Pb-212, Bi-212, TI-208 (.36), Po-212 (.64)
U-235+ Th-231

U-238+ Th-234, Pa-234m

U-238 N Th-234, Pa-234m, U-234, Th-230, Ra-226, Rn-222, Po-218, Pb-214, Bi-214, Po-214, Pb-210, Bi-210, Po-210
U-240+ Np-240m

Np-237+ Pa-233

Am-242m+ Am-242

Am-243+ Np-239
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TABLE 3 List of exposure scenarios and pathways considered in
calculations of doses

A ACTIVITY CONCENTRATION

A1 Normal use (workplace) scenario:
A1A External exposure from handling a source
A1.2 External exposure from a 1 m® source
A13 External exposure from a gas bottle
A14 inhalation of dusts
A15 ingestion from contaminated hands

A2 Accidental (workplace) scenario:

this is covered by Normal use (workplace) scenario

A3 Disposal (public) scenario:
A3.1 External exposure from a landfill site
A3.2 Inhalation of dust from a landfill site
A33 Ingestion of an object from a landfill site
B ACTIVITIES/QUANTITIES
B1 Normal use (workplace) scenario:
B1.1 External exposure from a paint source
B1.2 External exposure trom handling a source
B2 Accldental (workplace) scenario:
B2.1 Spillage: External expasure from contaminated hands
B2.2 Spillage: External exposure from contaminated face
B2.3 Spillage: External exposure from contaminated surface

B2.4 Spillage: ingestion from hands

B2.5 Spillage: Inhalation of resuspended activity

B2.6 Spillage: External dose from aerosol or dust cloud
B2.7 Fire: Contamination of skin
B28 Fire: Inhalation of dust or volatiles
B2.9 Fire: External from combustion products
B3 Disposal (public) scenario:
B3.1 External exposure from a landfill site
B32 Inhalation from a landfill site
B33 External exposure to skin from handling an object from a andfill site
B3.4 Ingestion of an object from a landfill site
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TABLE 4 SUMMARY OF EXEMPTION ACTIVITEES AND ACTIVITY CONCENTRATIONS (UNROUNDED)

16

NCLDE  |acTviTy CRITICAL PATHWAY ACTVITY BQ CRIMICAL PATHWAY
CONCENTRATION BO/G [FOR EXEMPT ACTIVITY] FOR EXEMPT
CONCENTRATION ACTIVITY
Ha 5.56E+05 ING ACCP) 5.50E+08 ING ACC(P)
Be-7 3376402 EXT(W) 191E+07 EXTW)
C14 1.79E.404 ING ACC(P) 177E07 ING ACC(P)
O15 1.09E.402 EXTG(W) 107408 EXT ACCEW)
F-18 1.83E+01 EXTW) 6.206.405 BXTwW)
Na-22 7.61E+00 EXTW) 3426405 EXTW)
Na-24 4.04E+00 EXT(W) 211E405 EXT(W)
Si31 1355400 EXTW) 890405 SINW)
P2 9256402 EXTW) 251E405 SKINW)
P33 €00E+04 ING ACC(P) «00ELO7 ING ACC(P)
sas 3336404 ING ACC(P) 3.28E407 ING ACC(P)
CH36 825E.00 EXT(W) 1.88E.406 SKINW)
<38 1.01E+01 EXTW) 126404 SKINW)
Ar-37 480E405 EXTG(W) 1.16E+08 SKNW)
A4t #.68E.01 EXTGW) 8.56E. 408 EXT ACCE(W)
*40 101E+@2 EXTW) 754E405 BXTW)
K-42 4.12E.401 EXTW) 3.17E405 EXT(W)
*<3 1.72E.401 EXTW) 5.86E+05 EXTOW)
Ca4s 1126404 ING ACCHP) 1.11E+07 ING ACC(P)
Cad? 157E+01 EXTW) 5156405 EXTW)
Sc46 8.29E400 EXTW) 456E.05 EXTW)
“Sc-47 154E 402 EXTW) 2256406 EXTOW)
S48 497E00 EXTW) 251E+05 EXTOW)
V48 1.83E.401 EXTW) 1.78E.405 SANW)
Cr51 B.29€ 02 EXTW) 6E7E 06 SNW)
51 181401 EXTW) 136405 SKINW)
wn52 AB4E+00 EXT(W) 2866405 EXTOW)
Mn-52m €.73E+00 EXTW) 9.17E404 SIAONW)
53 1.19E404 EXTW) S21E.08 ING ACC(P)
Jmn-sa 1.59E+01 EXTW) 1.11E+08 EXTW)
Mn-56 $.70E.+00 EXTW) 1.56E405 SANW)
Fe52 225E401 EXT(W) 1276406 EXTOW)
Fe55 2.50E404 ING ACC(P) 8256405 SANW)
Fe59 1.40E+01 EXT(W) 730405 EXTOW)
Co 55 8.95E400 EXTW) 3106405 BXTw)




TABLE 4 SUMMARY OF EXEMPTION ACTIVITES AND ACTIVITY CONCENTRATIONS (UNROUNDED)

17

NUCLDE  |ACTVITY CRITICAL PATHWAY ACTNITY BQ CRITICAL PATHWAY
CONCENTRATION BOYG |[FOR EXEMPT ACTIVITY] FOR EXEMPT
CONCENTRATION ACTVITY
Co56 488E4+00 EXT(W) 2686405 EXTW)
Cos57 138602 EXT(W) 250E +06 SIANW)
Co58 1.70E01 EXT(W) 8196405 EXT(W)
Co-58m 816543 EXTW) B.57E+06 SANW)
Co60 654E400 EXT(W) B31E04 BKINW)
“Co-60m 234E.8 EXT(W) 1.43E 406 SKINW)
Co61 1726402 EXT(W) 807E405 SANW)
To-62m 6.05E.00 EXTW) 1026405 SKINW)
N-59 689500 EXTOW) 1306408 ING ACC(P)
N-63 §26E404 ING ACC(P) 4B3E+07 ING ACC(P)
N-65 2.96E401 EXT(W) S05E405 SKINW)
Cuss 8.71E401 EXT(W) 2.19E 406 EXT(W)
265 287E401 EXT(W) 1586406 EXT(W)
2n89 7.63E+08 EXT(W) 1.30E+06 EXT(W)
Zneam 4.01E+01 EXT(W) 2276406 Baw)
GaT2 6.20E 400 EXTW) 2506405 EXT(W)
Ge11 396E.8 EXT(W) 2265408 EXT(W)
‘AsT3 1.02E+08 EXT(W) 7.24E+06 EXTW)
As-74 2.19E401 EXTOW) TAE+05 EXT(W)
“As78 8.45E401 EXTW) 1.08E405 SANW)
“As-77 174403 EXT(W) 196E406 SKINW)
Se-75 4.29E401 EXT(W) 231E+06 EXTW)
& 6.34E+00 EXTW) A27E405 EXT(W)
Kr-74 8.86E+01 EXTGW) 9.50F 408 EXT ACCFW)
*Ke-76 258542 EXTGW) 2565400 EXT ACCFW)
K77 1.10E+02 EXTGW) 1.08E+00 EXT ACCH(W)
) ASMER EXTGW) 1826405 SKAINW)
«r-81 04264008 EXTGW) S5¥ .06 SKNW)
*«r-8am 4.15E+04 EXTG(W) S.4GE411 EXT ACCFW)
Kr£5 §24E404 EXTGW) S.00E400 SKINW)
*r-85m 7.00E 42 EXTGW) 6855400 EXT ACCF(W)
«r-87 141E+Q2 EXTGW) 187E+08 EXT ACCF(W)
«Kr-88 5.79E+01 BTGW) 5.74E+08 EXT ACCRW)
Ro-86 151E+Q2 EXT(W) 274E 405 SKINW)
-85 326E+01 EXTW) 1.77E+06 EXT(W)
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NUCLIDE ACTIVTTY CRITICAL PATHWAY ACTNVITY BQ CRMCAL PATHWAY
CONCENTRATION BQ/G |FOR EXEMPT FOR EXEMPT
CONCENTRATION ACTIVITY
Sr85m 7H1E D EXTW) 431E+06 EXT(W)
S8Tm S5 21E+01 EXT(W) 285 +06 EXTW)
89 134E+03 EXT(W) S.44E405 SKINW)
5r-80+ 1.58E 402 EXT(W) 5865403 SKINW)
“Sr-91 235E +01 EXT(W) 257E+05 SKINW)
*Sr-82 124E 401 EXTW) S29F +05 EXTW)
Y-90 424E2 EXT(W) 1.80E +05 SKINW)
¥ 0.71E-02 EXTW) S24E405 SKINW)
Y-g1m S.14E401 EXT(W) 1.78E406 EXT(W)
Y8R 4 36E 401 EXT(W) S95E+04 SKINW)
Y83 1.08E+02 EXTW) 0.77E+04 SKINW)
233+ 2208408 INHW) 3.95€ +06 INH ACCFHW)
-85 225E 401 EXT(W) 1.16E+06 EXT(W)
297+ 1.96E 401 EXT(W) 236E+05 SKINW)
“Nb-83m 598E+03 EXT(W) 255E 07 INH ACCHW)
No-64 1.05E 401 EXTW) S541E+05 EXT(W)
Nb-85 2.18E+01 EXTOW) 1.23E+06 EXT(W)
No-§7 253E+01 EXT(W) 471E+05 SKINW)
“Nb-98 6.76E+00 EXTW) 132€405 SKINW)
“Mo-0 2.00F+01 EXT(W) 7.74E 405 EXT(W)
“Wo-3 155E+08 EXTW) $.78E.07 ING ACC(P)
Mo-85 1.07E+02 EXT(W) BBEE+05 EXT(W)
“Mo-101 1.25E+01 EXT(W) S.11EL05 SKINW)
“Te6 €89 +00 EXTW) 3.70E405 EXT(W)
“To96m 826E+02 EXTW) 1.85E+07 EXTW)
To@? 1A46E+08 EXT(W) 828E 07 EXT(W)
Togrm 157E+03 EXTW) 5.13E406 SKINW)
To9o 1A40E+04 ING ACC(P) 1.44E407 ING ACC(P)
[ Tc0om 1.32E.02 EXT(W) 737E406 EXTW)
Rug7 6.57E401 EXTW) S95E406 EXT(W)
Ru-103 S54E 401 EXTW) 2.02F€ 406 BEXTW)
“Ru-105 2.13E401 EXTW) SA1E05 BXxTw)
Rur 106+ 4 54E 401 EXTW) 101E+05 SKINW)
“Rh-100m 851E+08 EXT(W) 625E407 SKIN(W)
*R-105 214E402 EXTW) 3.10E+06 EXT(W)
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NUCLDE  [ACTVITY CRITICAL PATHWAY ACTNVITY BQ CRITICAL PATHWAY
CONCENTRATION BQG 'FOR EXEMPT ACTIVITY] FOR EXEMPT
CONCENTRATION ACTIVITY
“Po-103 1.95E403 EXTW) 331E+07 ING ACC(P)
*Pd-109 0.77E4Q2 EXT(W) 7.41E+05 SXANW)
Ag-105 S.19E401 EXT(W) 1.80E 406 EXTW)
*Ag108m-+ 1.02E+01 EXT(W) 5455405 EXT(W)
Ag-110m €.08E.00 EXTW) 336E+05 EXT(W)
Ag-111 558E 402 EXTW) 1.14E 406 EXT(W)
Ca109 334E+08 EXTW) .Sﬁﬁ SKINW)
‘Cd-115 7.13E.401 EXTW) 1.03E+06 EXTW)
*Cé-115m 4. 70E+02 EXTW) S320E+05 SKINW)
111 4.32E401 EXTW 2.00E+06 EXT(W)
n113m C47E401 EXT(W) 1ABE+06 Bamw)
“114m 172842 EXTW) 1.53E+06 ING ACC(P)
n-115m 1.03E 02 EXTW) 1.94E 406 EXT(W)
Sn-113 720E+02 EXTW) 8.17E+06 ING ACC(P)
*Sn-125 4 SGE+01 EXTW) 1.86E +05 SKINW)
S>12 8.70E401 EXTW) 1.08E+04 SKINW)
Sb-124 9.20E +00 EXT(W) Q.74E 405 EXT(W)
So-125 396E 401 EXTW) 1.88€ +06 BEXTW)
Te-123m 1128402 EXTW) 6.25E+06 EXTW)
Te-125m 1.46E 403 EXTW) 556406 SKINW)
Te-127 2.98E403 EXT(W) 1.96E406 SKINW)
Te-12Zrm 1.41E.08 EXT(W) 4.00E +06 ING ACC(P)
Te-129 244E402 EXT(W) 4.00F +05 SKINW)
“Te-129m A428BE 02 EXT(W) 222 +06 SKINW)
“Te-131 SB4E+01 EXTW) 240E+05 SKIN(W)
Te131m 122E.01 EXTW) S07E+05 BXTmw)
Te-132 723E401 BExXxTw) A50E 406 ING ACC({P)
Te133 1.75E+01 EXT(W) 1.73E+05 SKINW)
“Te-133m 7.28E 400 EXTW) 201E+05 BANW)
Te-134 1.88E 401 EXTwW) 8.50E405 BXTw)
23 1.13E+2 EXTW) 4 57E+06 EXT(W)
125 386E+02 EXTW) 6.70E405 ING ACC(P)
126 S 85E+01 EXT(W) S.44E405 ING ACC(P)
‘129 9.09E+01 ING ACC(P) S.04E+04 ING ACC(P)
‘+130 7.82€ 400 EXTW) 350E+05 EXTW)




TABLE 4 SUMMARY OF EXEMPTION ACTIVITEES AND ACTIVITY CONCENTRATIONS (UNROUNDED)

NUCLIDE ACTIVITY CRITICAL PATHWAY ACTIVITY BQ CRMCAL PATHWAY
CONCENTRATION BQ/G |[FOR EXEMPT ACTIVITY| FOR EXEMPT
CONCENTRATION ACTIVITY
k131 538E+01 EXT(W) 4 J2F 05 ING ACC(P;
F13R2 7 A2E+00 EXT(W) 2.86E +05 EXT(W)
1133 2.75E+01 EXT(W) 5.99E+05 EXT(W)
134 6.45E+00 EXT(W) 2.14E+05 SKINW)
1135 1.07E+01 EXT(W) S95EL05 EXTW)
“Xe-131m 5558403 EXTG(W) B8.64E 00 SIKINW)
X133 241E+08 EXTG(W) £.16£+08 SKINW)
“Xe-135 4 48E02 EXTG(W) 4.38E+00 EXT ACCHW)
‘Cs129 5.83E+01 EXT(W) 191E+05 SKINW)
Cs131 730E 2 EXTW) 433405 SKINW)
“‘Cs-132 237E+01 EXTW) 1426405 SKINW)
“Cs-134m 8.17E+Q2 EXTW) 429E+04 SKINW)
Cs134 1.07E+01 EXTW) 252604 SKINW)
‘Cs-135 §26E+08 ING ACC(P) E23E+06 ING ACC(P)
*Cs-136 7.7SE+00 EXT(W) 5.08E+04 SKINW)
Ca-137+ 2.95E401 EXTW) 2365404 SKIN(W)
Cs-138 8.96E+00 EXT(W) A04E+08 SKINW)
Ba-131 3.67E+01 EXT(W) 2.08F +06 EXT(W)
Ba-140+ 8.62E+00 EXTW) 131E+05 SKINW)
La-140 7.10E+00 EXTW) 271E+05 EXT(W)
Ce13 1.05E+02 EXT(W) 1.11E+06 SKINW)
Cet41 217E+2 EXTW) 3.78E+06 EXT(W)
Co143 58601 EXTW) 6.85C.405 SKINW)
Co-144+ 1.18E+02 EXTW) 1.18E+05 SXKN(W)
‘Pr-142 197E.02 EXT(W) 185E+05 SKINW)
Pr-143 5.25E.03 ING ACC(F) 1.20E406 SANW)
Ne-147 1.18E+2 EXTW) 1576406 EXT(W)
“Nd-148 4.34E+01 EXT(W) AL 05 SKINW)
Pm-147 1A9E 404 NHW) 1855407 ING ACC(P)
“Pm-149 1.14E408 EXTWW) 1136406 EXT(W)
*Sm-151 203E404 W) 40307 INH ACCFHW)
*Sm-153 286E.2 EXTW) 1825406 BXTW)
Eu152 1A4E+01 EXTW) 7A8E+05 EXTW)
*Ew-152m 557E401 EXTW) 5.48E+05 SKNW)
Eu-154 1.34E 401 EXTW) S.86E+05 EXT(W)
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NUCLIDE  |ACTNVITY CRMCAL PATHWAY ACTVITY BQ CRMCAL PATHWAY
CONCENTRATION BQG [FOR EXEMPT ACTIVITY FOR EXEMFT
CONCENTRATION ACTVITY
Euv 1585 2B4E2 EXTW) 1826 407 BEamw
Gd-153 1.58E+02 EXTW) 8.08E+06 BEamw
Gd-158 S2ELR2 EXTW) 1.29€406 BEXTwW)
“To-180 1.48E401 EXTW) B.17EL0S EXT(W)
“Dy-165 S31E+02 EXTW) 881E+05 SKIN(W)
‘Dy-186 4 07E+02 EXTW) 2.7TE+06 EXT(W)
‘Ho-186 350E 02 EXTW) 27E+05 SKIN(W)
Er168 181E+04 ING ACC(P) 1.71E«07 NG ACC(P)
Er-171 4 25E +01 EXTW) 7.14E+05 EXT(W)
Tm-170 1.86E+03 EXTW) 1256406 EXTwW)
Tm171 201E+04 EXTW) 5§.10E+07 ING ACC(P)
“Yb-175 41TELO2 EXTW) 33306 EXT(W)
1177 E21E+2 EXTW) . SD2F 06 SIAN(W)
H-181 S.00E+01 EXTW) 1.00€ +06 EXT(W)
Ta-182 1.20E+01 EXTW) 1.90E +D4 SKINW)
“W-181 4126402 EXT(W) 234E 407 EXT(W)
w185 120E+04 ING ACC(P) 52E406 SKINW)
w187 347E401 EXT(W) 804E+05 EXT(W)
Re-185 7.08E+02 EXTW) 1.84E+06 SKINW)
“Re-188 206E+02 EXT(W) 2.10E+05 SKIN(W)
Os-185 232€401 EXT(W) 120€406 EXTW)
“Oe-191 2.09E +Q2 EXTW) 1.13E+07 ING ACC(P)
“Oe-191m 1.70E+03 EXTW) BB4E+06 SKINW)
*Os- 188 217402 EXTW) 1.04E +06 EXT(W)
“Ir-190 1.18E401 EXTW) S84E+05 EXT(W)
r-12 2.03E+01 EXTwW) 2.20E 404 SIANW)
194 144E+02 EXTwW) 184E+05 SKINW)
“Pr191 §.53E401 EXTW) 225E 406 EXT(W)
*Pr1g3m 126E+03 EXTW) 8.25:.06 SKINW)
“Pr197 6.30E 402 EXTW) 1.78E+06 SKIN(W)
‘PHIOMM 186E02 EXTW) 1.16E+06 EXT(W)
AU-198 4.10E401 BEXTW) 7.74E+05 EXT(W)
‘Au-198 187E2 EXT(W) 283 +06 EXT(W)
Hg-187 2.38E 402 EXTW) 4 AAE 406 EXT(W)
Hg-167m 1.78E+02 EXT(W) 1.86E+06 EXT(W)




TABLE 4 SUMMARY OF EXEMPTION ACTIVITEES AND ACTIVITY CONCENTRATIONS (UNROUNDED)

NUCLIDE ACTIVITY CRIMCAL PATHWAY ACTVITY BQ CRMICAL PATHWAY
T B | o oENTRATIN | Py |
Hg-208 7.02E+01 EXT(W) 1.75E +05 SKINW)
TH200 1.20E+01 EXT(W) 731E+05 EXT(W)
TH201 1.88E+2 EXT(W) S.00E +05 SXANW)
202 3S7E401 EXT(W) 202 +06 EXT(W)
TH204 2.06E+03 EXT(W) 1.75E +04 SKINGW)
“Po-203 534E+01 EXT(W) 2.3 +06 EXT(W)
Po-210+ S21E+00 ING ACC(P) 5.10E+008 ING ACC(P)
“Po-212+ 1.05E4+01 BEXTW) 186E+05 SKIN(W)
B-206 S.13E+00 EXTW) 283405 EXT(W)
‘B-207 1.08E+01 EXT(W) 536E405 EXT(W)
B+210 1428408 | NHW) 951E+05 SKINW)
‘Br212+ 1.18E+01 EXTW) 221E«05 SKIN(W)
*Po-203 1.00F +01 EXT(W) 4.B6E+05 EXT(W)
Po-205 1.08E 401 EXTW) S.80E +05 EXT(W)
“Po-207 1.26E+01 EXTW) (¥ .7, 2% ] EXT(W)
Po-210 181E+01 ING ACC(P) 157E.04 ING ACC(P)
AL211 3,955 EXTW) 7 A6E 406 INH ACCF{W)
*Rn-220+ 3MELB INHW) 5.04E 06 INH ACCHW)
Rr222+ $.52F +00 EXTW) 353€+07 INH ACCFW)
R 223+ 8.99E+01 NHW) 6.54E 404 ING ACC(P)
R 24+ $.88E+00 EXTW) 1.20E405 NG ACC(P)
“Ra-225 7.05€+01 NHW) 101E+05 INH ACCHW)
Ra-226+ ABTE00 NG ACC(P) 454E403 ING ACC(P)
“Ra-277 9.74E.401 EXT(W) 737E405 SKIN(W)
“Ra- 228+ 1.52 401 EXT(W) 8 55 404 ING ACC(P)
‘Ao-228 1.77E+01 EXT(W) 827E.05 EXT(W)
Th-226+ 8.30E.+02 EXTW) 157E407 EXT(W)
Th227 418E+00 NHW) 5.78E400 NH ACCF(W)
Th-228+ 1.50E+00 NHW) 8.76E+00 NHACC(P)
Th220+ 421E-0 NHW) S.00E 42 INH ACCHW)
[Th-230 2.94E400 NHW) 1165404 NHACCP)
Th231 8.526.02 NHW) 283407 Bxaw)
Th-2Z2N 8.48€-01 NHW) 155603 ING ACC(P)
Th-234+ S 11E«2 EXTW) 1.85E405 SKINW)
*Pa-230 2.42E401 EXT(W) S17E+05 INH ACCFW)
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TABLE 4 SUMMARY OF EXEMPTION ACTIVITES AND ACTIVITY CONCENTRATIONS (UNROUNDED)
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NUCLDE  (ACTVITY CRITICAL PATHWAY ACTNITY BQ CRITICAL PATHWAY
CONCENTRATION BOG [FOR EXEMPT ACTIVITY] FOR EXEMPT
CONCENTRATION ACTVITY
“Pa-231 CY [ NHW) 1.19E+00 NH ACCRW)
Pa2 8.19€.401 EXTW) 8186406 EXTW)
U230+ 278E+01 NHW) SBEE 404 INH ACCF(W)
U231 203402 EXTW) 4.36E.406 EXTW)
Uz, 5.54E-01 NHW) TBSE@ INH ACCFW)
uzs 417E+00 W) 580E+08 INH ACCRW)
U234 429E400 NHW) 2576404 NHACCP)
U235+ 434E+00 W) 6.11E+08 NH ACCE(W)
U236 4 55E400 NHW) ¢.11E+03 NH ACCRHW)
u27 117E4Q2 EXT(W) 1.86E 406 EXTW)
U238+ 4.7BE 400 NHW) 2.84E+04 INH ACC(P)
U-288N 1.43E 400 NHW) 257640 SKINW)
U2 S.00E 2 EXTW) $.08E405 EXT(W)
240 2136408 EXTW) 7.08E 406 SANW)
U240+ 125401 EXTW) SA1E.05 SKINW)
No-237+ 187E+00 NHW) 2.58E 403 INH ACCF(W)
No-239 9.65E401 EXT(W) S.04E+06 EXTW)
Np-240 126E 401 EXTW) 45205 EXTW)
Pu234 241E4@2 EXTW) 1.36E.407 EXTW)
Pu235 177E2 EXT(W) 1.00E 407 EXTW)
Pu-236 5.17E+00 NHW) 8956408 NH ACCFW)
Pu237 S.18E+@ EXT(W) 1.80E.+07 EXT(W)
Pu-238 2426400 NHW) 0.855.03 NHACCP)
P20 221E400 NHW) 808608 INHACCP)
*Pu-240 221E+00 NHW) 2065408 INH ACCFW)
P24t 1156402 NHW) 1.55E.405 INH ACCFW)
Pu242 231E+00 NHW) 2106408 INH ACCF(W)
Pu-243 8452 EXTW) A5 .06 EXTW)
Pu2as 2.54E+00 NHW) SI5E8 INH ACCFW)
Am-241 2.14E+00 NHW) 7876408 NHACCP)
“Am-242 831E@2 EXT(W) S.00.+06 SIONW)
*Am-242m+ 2.23E400 NHW) 301E.08 INH ACCR(W)
*Am-243+ 2.08E+00 NHW) 2.886 .03 INH ACCF(W)
Tm-242 42Z7E+01 NHW) 5.75E4+04 INH ACCF(W)
Tm-243 290E+00 NHW) 411E8 NH ACCF(W)




TABLE 4 SUMMARY OF EXEMPTION ACTIVITES AND ACTIVITY CONCENTRATIONS (UNROUNDED)

NUCLDE  |ACTMITY CRIICAL PATHWAY ACTVITY BQ CRIMCAL PATHWAY
CONCENTRATION BOG [FOR EXEMPT ACTVITY] FOR EXEMPT
CONCENTRATION ACTIVITY
Cm-244 3.75E+00 NHW) 1.90E 04 NHACC(P)
Tm-245 206E+00 NHW) 28050 NH ACCRW)
Tm-246 208E +00 NHW) 2806.08 INH ACCE(W)
©m-247 218E400 NHW) 205500 NHACCRW)
Tm-248 577601 NHW) 7.75E402 INH ACCR(W)
Bk-249 750E 402 NW) 101E+06 NH ACCR(W)
Ch245 872502 NHW) 126E406 INH ACCRW)
Ctoas 1156401 NHW) 1556404 NH ACCF(W)
Ct249 1.71E+00 NAW) 2376400 INH ACCE(W)
TH250 341E400 NHW) 4586408 NH ACCF(W)
C1251 1.70E +00 NAW) 230600 INH ACCR(W)
cras2 384E400 NHW) 1706404 NH ACCP)
©-253 1.83E 402 NAW) 2465405 INH ACCF(W)
TH254 1.80E 400 NHAW) 2566403 NH ACCHW)
Es-253 16102 NHW) 2196405 INH ACCFW)
Es-254 2006401 NW) 288E+04 INH ACCR(W)
“Es-254m 3.45E401 EXTW) 0.86E+05 EXTW)
Fm254 5.90F .00 NAW) 1.44E407 NH ACCF(W)
Fm.255 780602 EXT(W) 2.96E406 INH ACCFW)

[ -




TABLE 5 SUMMARY OF EXEMPTION ACTIVITEES AND ACTIVITY CONCENTRATIONS (ROLINDED)

NUCLDE  |ACTMITY CRITICAL PATHWAY ACTNTTY BQ CRITICAL PATHWAY
CONCENTRATION BO/G |FOR EXEMPT ACTIVITY) FOR EXEMPT
CONCENTRATION ACTNMITY
H3 1.00E +06 ING ACC(P) 1.00E +08 NG ACC(P)
Be-7 1.00E +083 EXTW) 1.00E+07 Bxaw)
C14 1.00E +04 ING ACC(P) 1.00E+07 ING ACC(P)
015 1.00E +2 EXTGW) 1.00E +09 EXT ACCRW)
F-18 1.00E +01 EXTW) 1.00E +06 BxIw)
Na22 1.00E +01 EXTW) 1.00E +06 BaIW)
Na-24 1.00E +01 EXTW) "1.00E 405 BEamw)
*S-31 1.00E+03 EXT(W) 1.00E +06 SIANW)
P32 1.00E+003 EXT(W) 1.00E 405 SKANW)
P33 1.00E405 ING ACC{P) 1.00€.+08 NG ACC(P)
§35 1.00E+05 ING ACC(P) 1.00E +08 ING ACC(P)
C-36 1.00E +04 EXTW) 1.00E +06 SKINW)
<38 1.00E+01 EXT(W) 1.00E +05 SKIN(W)
Ar-37 1.00E +06 EXTGW) 1.00E408 SKINW)
A4t 1.00E +02 EXTGW) 1.00E +09 EXT ACCF(W)
K40 1.00E+2 EXTW) 1.00E +06 BEXTwW)
K42 1.00E+02 EXT(W) 1.00E +06 BEXTwW)
*43 1.00E+01 EXTW) 1.00E+06 BEXTW)
Ca-45 1.00E+04 NG ACC(P) 1.00E+07 NG ACC(P)
Ca47 1.00E+01 EXTW) 1.00E +06 Baw)
Sc46 1.00E +01 EXTW) 1.00E +06 EXTW)
“So47 1.00E o2 EXTOM  1D0E+0 EXTW)
*So-48 1.00E+401 EXTW) 1.00E +05 EXTW)
Va8 1.00E 401 EXTW) 1.00E +05 SIKINW)
Cr-51 1.00E+03 EXTW) 1.00E+07 SKINW)
Mn-51 1.00E +01 EXTW) 1.00E +05 SKINW)
“Mn-52 1.00E+01 EXTW) 1.00E +05 EXTW)
‘Mr-52m 1.00E+01 EXTW) 1.00E+05 SIIN(W)
w53 1.00E+04 EXT(W) 1.00E +00 ING ACC(P)
Mn-54 1.00E+01 EXT(W) 1.00E +06 EXTW)
Mn-56 1.00E+01 EXTW) 1.00E +05 SKNW)
Fe-52 1.00E401 EXT(W) 1.00E+06 EXTW)
Fe-55 1.00E +04 ING ACC(P) 1.00E+06 SINW)
Fe59 1.00E+01 EXTW) 1.00E +06 Baw)
‘Co55 1.00E4+01 EXTW) 1.00E+06 EXTW)
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TABLE S SUMMARY OF EXEMPTION ACTIVITEES AND ACTIVITY CONCENTRATIONS (ROUNDED)
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NUCLIDE ACTIVITY CRITICAL PATHWAY ACTNITY BQ CRITICAL PATHWAY
CONCENTRATION BO/G [FOR EXEMFT FOR EXEMFT
CONCENTRATION ACTIVITY
Co-56 1.00E+01 EXT(W) 1.00E +05 EXT(W)
Co57 1.00E+02 EXTW) 1.00E+06 SKINWY)
Co-58 1.00E +01 EXT(W) 1.00E+06 EXTW)
“Co-58m 1.00E +04 EXT(W) 1.00E +07 SKINW)
Co-60 1.00E +01 EXTW) 1.00E+05 SKINW)
“Co-80m 1.00E+03 EXT(W) 1.00E+06 SKINW)
Co-61 1.00E+02 EXTW) 1.00E +06 SKINW)
‘Co&2m 1.00€ +01 EXTW) 100E+05 SKINW)
N-56 1.00E +04 EXTW) 1.00E+08 ING ACC(P)
N-63 1.00E+05 ING ACC(P) 1.00E +08 ING ACC{P)
“Ni-65 1.00E +01 EXT(W) 1.00E+06 SKINCW)
Cub4 1.00E+02 EXT(W) 1.00E +06 EXT(W)
2n65 1.00E+01 EXTW) 1.00E+06 EXTW)
Zn69 1.00E +D4 EXTW) 1.00€ +06 EXT(W)
Zn-88m 1.00E+02 EXTW) 1.00E +06 EXTW)
GaT2 1.00E+01 EXT(W) 1.00E +05 EXT(W)
‘Ge- N 1.00E+04 EXTW) 1.00E +08 EXTW)
‘As-73 1.00E+03 EXTW) 1.00E+07 EXT(W)
As-74 1.00E+01 EXT(W) 1.00E+06 EXTW)
*As-76 1.00E Q2 EXT(W) 1.00E+05 SKINW)
‘As-77 1.00E+08 EXTW) 1.00E+06 SANW)
Se-75 1.00E+02 EXT(W) 1.00E+06 EXTW)
Br-82 1.00E+01 EXTW) 1.00E+06 EXTW)
Kr-74 1.00E+02 EXTGW) 1.00E+09 EXT ACCHW)
*,r-76 1.00E +02 EXTGW) 1.00E +08 EXT ACCF(W)
Kr-77 1.00E+02 EXTG(W) 1.00E +00 EXT ACCHW)
«r-79 1.00E 03 BIGwW) 1.00E+05 SXINW)
Kr81 1.00E +04 EXTG(W) 1.00E +07 SKIN(W)
“Kr-83m 1.00E+05 BEaew) 1.00E+12 BEXT ACCFW)
Ks-85 1.00E+05 EXTGW) 1.00E+04 SKINW)
Kr-85m 1.00E+03 BXTGW) 1.00E+10 EXT ACCF(W)
“Kr-87 1.00E +02 EXTGW) 1.00E +09 EXT ACCHW)
«xr-88 1.00E+02 EXTG(W) 1.00E+00 EXT ACCRW)
R-86 1.00E+02 EXT(W) 1.00E +05 BKIN(W)
S-85 1.00E+02 EXT(W) 1.00E +06 BETW)




TABLE 5 SUMMARY OF EXEMPTION ACTIVITES AND ACTIVITY CONCENTRATIONS (ROUNDED)
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NUCLIDE ACTNVITY CRITICAL PATHWAY ACTNVITY BQ CRIMCAL PATHWAY
CONCENTRATION BOYG |FOR EXEMPT FOR EXEMPT
CONCENTRATION ACTVITY
Sr85m 1.00E+02 EXT(W) 1.00E+07 BEXT(W)
Sr-87m 1.00E.2 EXTW) 1.00E +06 EXTW)
-89 1.00E+03 EXTW) 1.00E +06 SIKINW)
Sr-90+ 1.00E+02 EXT(W) 1.00E +04 SKIN(W)
“Sr-81 1.00E+01 EXT(W) 1.00E+05 SKINW)
“Se-g2 1.00E+01 EXT(W) 1.00E +06 EXT(W)
Y-$0 1.00E +3 EXT(W) 1.00E+05 SKNW)
Y91 1.00E+03 EXT(W) 1.00E +06 SKANW)
Y-g1m 1.00E+02 EXT(W) 1.00E +06 EXTW)
YR 1.00E+02 EXTW) 1.00E+05 SKIN(W)
Y83 1.00E+02 EXTW) 1.00E+05 SKINW)
‘2r-83+ 1.00E+03 INHW) 1.00E +07 INH ACCF(W)
21-95 1.00E+01 EXT(W) 1.00E +06 Bam)
2197+ 1.00E+01 EXT(W) 1.00E+05 SKIN(W)
“No-33m 1.00E+04 EXT(W) 1.00E+07 INH ACCF(W)
"No-84 1.00E4+01 EXT(W) 1.00E +06 BEXTW)
Nb-85 1.00E +01 EXT(W) 1.00E +06 BXTwW)
“Nb-g7 1.00E +01 EXT(W) 1.00E +06 SKIN(W)
“Nb-98 1.00€+01 EXT(W) 1.00E+05 SKINW)
Mo-80 1.00E +01 EXT(W) 1.00€ +06 BrTw)
“Mo-X3 1.00£403 EXT(W) 1.00E+08 ING ACC(P)
Mo-65 1.00€ «02 EXT(W) 1.00E +06 Bxamw),
Mo-101 1.00E +01 EXTW) 1.00E +06 SKIN(W)
“Te-86 1.00E +01 EXT(W) 1.00E +06 BXxTw)
“To8em 1.00E+03 EXT(W) 1.00E+07 EXTW)
Tod7 1.00E+08 EXT(W) 1.00E +08 BXTw)
ToS7m 1.00E+08 EXT(W) 1.00E+07 SKIN(W)
“Tcs 1.00E+04 ING ACC(P) 1.00E+07 ING ACC(P)
To9m 1.00E+02 EXT(W) 1.00E407 EXT(W)
Ru-g7 1.00E «02 EXT(W) 1.00E+07 EXT(w)
Ru-103 1.00E+Q2 EXTW) 1.00E 406 EXT(W)
‘Ru-105 1.00E+01 EXT(W) 1.00E +06 EXT(W)
Ru-106+ 1.00E +02 EXT(W) 1.00E+05 SKINW)
“Rh-103m 1.00E+04 EXT(W) 1.00E «08 SKINW)
*Rh-105 1.00E+02 EXTW) 1.00E +07 EXTW)




TABLE 5 SUMMARY OF EXEMPTION ACTIVITES AND ACTIVITY CONCENTRATIONS (ROUNDED)
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NUCLIDE ACTIVITY CRIMICAL PATHWAY ACTNVITY BQ CRMCAL PATHWAY
CONCENTRATION BQ/G [FOR EXEMPT ACTIVITY] FOR EXEMPT
CONCENTRATION ACTIVITY
Pa108 1.00€ +08 EXT(W) 1.00E 08 ING ACC(P)
*Pa-100 1.00E+03 EXT(W) 1.00E +06 SKINW)
*Ag-105 1.00E+02 EXT(W) 1.00E +06 EXT(W)
*Ag-108m=+ 1.00E+01 EXTW) 1.00E +06 EXTW)
AQ-110m 1.00E+01 EXTW) 1.00E +06 BEXTW)
Ag111 1.00E+03 EXT(W) 1.00€ +06 EXT(W)
Ca108 1.00E +04 EXTW) 1.00E +06 SKINW)
Ce115 1.00E 402 EXT(W) 1.00E +06 EXT(W)
*Cd-115m 1.00E+03 EXT(W) 1.00E+06 SKINW)
n-111 1.00E +02 EXT(W) 1.00E+06 EXTW)
n-113m 1.00E+02 EXTW) 1.00E+06 EXTW)
“in-114m 1.00E «02 EXTW) 1.00E +06 ING ACC(P)
n-115m 1.00E+02 EXT(W) 1.00E +06 Bamw)
*Sn113 1.00E «03 EXTW) 1.00E+07 ING ACC(P)
Sn125 1.00E 02 EXTW) 1.00E+05 SKINW)
12 1.00E+02 EXT(W) 1.00E+04 SKINW)
Sb-124 1.00E +01 EXTW) 1.00E +06 BXTwW)
Sb-125 1.00E+02 EXTW) 1.00E +06 BEXTwW)
Te-123m 1.00E 402 EXTW) 1.00E+07 BXTW)
Te125m 1.00E 03 EXTW) 1.00E407 SKINW)
To-127 1.00€+03 EXTW) 1.00E+06 SKIN(W)
Te-127m 1.00E+03 EXT(W) 1.00E+07 ING ACC(P)
To-129 1.00E+02 EXTW) 1.00E+06 SKINW)
Te-120m 1.00E +03 EXTW) 1.00E+06 SKINW)
“Te-131 1.00€ +2 EXT(W) 1.00E +05 SKINW)
“Te-131m 1.00E+01 EXTW) 1.00E +06 BEXTW)
[Te-132 1.00E+02 EXTW) 1.00E+07 ING ACC(P)
Te133 1.00E401 EXT(W) 1.00E +05 BNW)
“Te-133m 1.00E+01 EXTW) 1.00E+05 BKINW)
Te134 1.00E 401 EXT(W) 1.00E+06 EXTW)
M2 1.00E+02 EXTW) 1.00E+07 EXT(W)
H25 1.00E+03 EXTW) 1.00E +06 ING ACC(P}
+126 1.00E402 EXT(W) 1.00E +06 NG ACC{P)
+129 1.00E+02 NG ACC(P) 1.00E +05 ING ACC(P)
1130 1.00€+01 EXTW) 1.00E +06 EXTW)




TABLE 5 SIMMARY OF EXEMPTION ACTIVITIES AND ACTIVITY CONCENTRATIONS (ROUNDED)

NUCLDE  |ACTVITY CRITICAL PATHWAY ACTVITY BQ CRITICAL PATHWAY
CONCENTRATION BQG [FOR EXEMPT ACTIVITY] FOR EXEMPT
CONCENTRATION ACTIVITY
131 1.00E+02 EXT(W) 1.00E +06 ING ACC(P)
Sk e 1.00E 401 EXTW) 1.00E +05 EXTw)
| 1.00E +01 EXTW) 1.00E +06 BEXTW)
“h134 1.00E+01 EXT(W) 1.00E +05 SKIN(W)
135 1.00E 401 EXTW) 1.00E +06 EXT(W)
“Xe-131m 1.00E +04 EXTGW) 1.00E +04 SKINCW)
Xe-133 1.00E 408 EXTGW) 1.00E+04 SKINW)
Xe-135 1.00E+08 EXTG(W) 1.00E+10 EXT ACCFW)
Cs-129 1.00E+02 EXTW) 1.00E+05 SKIN(W)
Cs-131 1.00E +03 EXT(W) 1.00E +06 SKIN(W)
Cs-132 1.00E+01 EXTW) 1.00E+05 SKINW)
‘Cs-134m 1.00E+03 EXTW) 1.00E+05 SKINW)
Ce-134 1.00E+01 EXT(W) 1.00E +04 SKINW)
Cs135 1.00E +04 NG ACC(P) 1.00E+07 NGACCP)
“‘Ce-136 1.00E +01 EXTW) 1.00E+05 SKIN(W)
Ce-137+ 1.00E +01 EXTW) 1.00E +04 SKINW)
“Cs-138 1.00E +01 EXTW) 1.00E +04 SKINW)
‘Ba-131 1.00E +02 EXTW) 1.00E+06 EXTW)
Ba- 140+ 1.00E+01 BEam) 1.00E+05 SIANW)
La-140 1.00E+01 EXTW) 1.00E+05 EXTW)
|Ce-136 100E+02 EXTW) 1.00E +06 SIKIN(W)
Ca141 1.00E+Q2 EXTW) 1.00E+07 Baw)
Ce143 1.00E+02 EXTW) 1.00E+06 SKANW)
Co-144+ 1.00E+02 EXTW) 1.00E+05 SKINW)
“Pr-142 1.00E+02 EXT(W) 1.00E+05 SKIN(W)
Pr-143 1.00E +04 ING ACC(P) 1.00E +08 SKINW)
Nd-147 1.00E+02 EXTW) 1.00E+06 EXTW)
“No-149 1.00E+02 EXTW) 1.00E+06 SKINW)
Pm-147 1.00E +04 NHW) 1.00E+07 ING ACC(P)
*Pm-148 1.00E+03 EXT(W) 1.00E+06 EXTW)
“Sm-151 1.00E +04 NHW) 1.00E +08 INHACCFW)
*Sm-153 1.00E+02 EXTW) 1.00E+06 EXTW)
Eu1582 1.00E +01 EXT(W) 1.00E+06 Baw)
‘Euw-152m 1.00E+02 EXTW) 1.00E+06 SIINW)
Eu-154 1.00E+01 EXT(W) 1.00E +06 EXTW)




TABLE § SUMMARY OF EXEMPTION ACTIVITEES AND ACTIVITY CONCENTRATIONS (ROUNDED)

NUCLIDE  |ACTIVITY CRIMCAL PATHWAY ACTIVITY BQ CRITICAL PATHWAY
CONCENTRATION BQG [FOR EXEMPT ACTIVITY] FOR EXEMPT
CONCENTRATION ACTIVITY
Ew-155 1.00E+Q2 EXTW) 1.00E+07 BEXam)
G4153 1.00E+02 EXTW) 1.00E+07 EXT(W)
Gd-158 1.00E +08 EXTW) 1.00E +06 EXT(W)
“Tb-180 1.00E+01 EXT(W) 1.00E +06 EXTW)
Dy-165 1.00E+03 EXT(W) 1.00E+06 SKINW)
“Oy-166 1.00E+08 EXTW) 1.00E+06 BEXTwW)
Ho-186 1.00E+03 EXT(W) 1.00E +05 SKINW)
Er-160 1.00E+04 NG ACC(P) 1.00E 07 NG ACC(P)
Er174 1.00E +02 EXT(W) 1.00E +06 EXTW)
Tm-170 1.00E+03 EXT(W) 1.00E +06 EXTW)
Tm171 1.00E +04 EXTW) 1.00E+08 ING ACC(P)
Yb175 1.00E +03 EXT(W) 1.00E+07 BEXT(W)
LA177 1.00E +0 EXTW) 1.00E+07 SKINW)
*Hf-181 1.00E +01 EXTW) 1.00€ +06 EXT(W)
Ta182 1.00E+01 EXT(W) 1.00E +04 SKINW)
“W-181 1.00E+03 EXT(W) 1.00E+07 BXTw)
w-185 1.00E+04 ING ACC(P) 1.00E+07 SKIN(W)
‘w187 1.00E +02 EXTMW) 1.00E+06 EXT(W)
Re-186 1.00E+03 EXTW) 1.00E+06 SKINW)
“Re-188 1.00E+Q2 EXT(W) 1.00E+05 SKINW)
“Os-185 1.00E +01 EXTW) 1.00E+06 BEXTW)
Oe-191 1.00E+Q2 EXTW) 1.00E+07 ING ACC(P)
“Os-181m 1.00E +03 EXTW) 1.00E+07 SKIN(W)
‘Os- 188 1.00E+02 EXTW) 1.00E+06 EXTW)
“#-180 1.00E +01 EXTW) 1.00E+06 EXT(W)
182 1.00E+01 EXTW) 1.00E+04 SKINW)
*ir-104 1.00E+02 EXTW) 1.00E+05 SKINW)
“Pr1gn 100E+2 EXT(W) 1.00E +06 EXT(W)
“PH1g3m 1.00E +03 EXTW) 1.00E+07 SKINW)
‘Pr197 1.00E+03 EXTW) 1.00E +06 SKINW)
“PH197m 1.00E+02 EXT(W) 1.00E+06 EXTW)
Au-188 1.00E+2 EXTW) 1.00E+06 EXT(wW)
“Au-196 1.00E +02 EXT(W) 1.00E+06 BEXTwW)
Hg-197 1.00E 02 EXTW) 1.006+07 EXTW)
Hg-197m 1.00E 2 EXTW) 1.00E+06 EXTW)




TABLE 5 SUMMARY OF EXEMPTION ACTIVITES AND ACTIVITY CONCENTRATIONS (ROUNDED)

NUCLDE  |ACTMITY CRMICAL PATHWAY ACTNITY BQ CRITICAL PATHWAY
CONCENTRATION BOG [FOR EXEMPT ACTVITY] FOR EXEMPT
CONCENTRATION ACTIVITY
Hg-203 1.00E 42 EXTW) 1.00E 405 SKINW)
“Tr200 1.00€ 401 EXTW) 1.00E406 EXTW)
TH201 1.00€.402 EXTW) 1.00E+06 SKNW)
T2z 1.00E.+02 EXTW) 1.00E +06 EXTW)
Th-204 1.00€ 404 EXT(W) 1.00E 404 SKANW)
“Pb-203 1.00€ 402 EXTW) 1.00E+06 EXTW)
Pb-210+ 1.00€ 401 ING ACCP) 1.00E+04 ING ACC(P)
Pp-212+ 1.00€ 401 EXT(W) 1.00E+05 SKINW)
B-206 1.00€+01 EXTW) 1.00E +05 EXTW)
B207 1.00€ 401 EXTW) 1.00E +06 BXTW)
B-210 1.00E+30 W) 1.00E 406 SINW)
8212+ 1.00E.401 EXT(W) 1.00E+05 SANW)
*Po-203 1.00E.401 BTw 1.00E 06 EXTW)
Po-205 1.00€401 EXTW) 1.00E +06 BXTW)
*Po-207 1.00€.401 EXTW) 1.00E +06 EXTW)
Po-210 1.00E 401 ING ACC(P) 1.00E 404 ING ACC(P)
"AL211 1.00€ 400 EXTOW) 1.00E+07 WNH ACCFW)
“An-220+ 1.00E +04 W) 1.00E+07 NH ACCF(W)
Rn-222+ 1.00€ 401 EXTW) 1.006408 NH ACCEW)
“Ra-223+ 1.00E402 W) 1.00E405 NG ACC(P)
“Ra-224+ 1.00E.401 EXT(W) 1.00E405 NG ACC(P)
Ra-225 1.00E «2 W) 1.00E+05 INH ACCEW)
Ra 226+ 1.00€.401 ING ACC(P) 1.00E+04 ING ACC(P)
Re-227 1.00E402 EXTOW) 1.00E+06 SKINW)
“Ra-228+ 1.00E.401 EXTW) 1.00E+05 ING ACC(P)
Ac228 1.00E401 EXTW) 1.00€ 408 EXTW)
Th226+ 1.00E+08 EXTW) 1.00€+407 EXTW)
ez 1.00E.401 W) 1.00E 404 NH ACCEW)
Th-22. 1.00€ 400 NW) 1.00E 404 NHACCP)
Thas. 1.00€ 400 W) 1.00E+0 INH ACCEW)
Th-z30 1.00E+00 W) 1.00E+04 NHACCEP)
T™haa 1.00E+08 W) 1.006+07 EXTW)
Th2zN 1.00E +00 NW) 1.00€.+33 ING ACC(P)
Thses 1.00E 400 EXTW) 1.00E 405 SANW)
*Pa20 1.00E+01 EXTW) 1.00E 406 NH ACCE(W)
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TABLE 5 SUMMARY OF EXEMPTION ACTIVITIEES AND ACTIVITY CONCENTRATIONS (ROUNDED)

NUCLDE  [acTVITY CRITICAL PATHWAY ACTNVITY BQ CRITICAL PATHWAY
CONCENTRATION BOG |[FOR EXEMPT ACTIVITY] FOR EXEMPT
CONCENTRATION ACTIVITY
Pad 1.00E+00 NAW) 1.00E 3 WNH ACCFW,
Pa20 1.00E+02 EXT(W) 1.L0E 07 EXTW)
U230+ 1.00E+01 W) 1.00E405 INH ACCFW)
U231 1.00E+02 EXT(W) 1.00€+07 EXTW)
U2z 1.00E+00 NHW) 1.00E 03 NHACCFW)
Uz 1.00E+0? W) 1.00E+04 INH ACCF(W)
U234 1.00E+01 NHW) 1.00E +04 INH ACCP)
U235, 1.00E+01 NHW) 1.00E 404 INH ACCF(W)
u2% 1.00E.401 NHW) 1.00E+04 INH ACCF(W)
Uz 1.00E+02 EXT(W) 1.00E +06 EXTW)
U238+ 1.00E+01 NHW) 1.00E+04 INH ACC(P)
U-z8N 1.00E+00 NHW) 1.00E+08 SKINW)
U239 1.00E+02 EXT(W) 1.00E +06 EXTW)
“U-240 1.00E+03 EXT(W) 1.00E.407 SKINW)
U-240+ 1.00E +01 EXT(W) 1.00E +06 SKINW)
No-237+ 1.00E400 NHW) 1.00E+03 INH ACCF(W)
No-239 1.00€+02 EXT(W) 1.00E+07 EXTW)
Np-240 1.00E+01 EXT(W) 1.00E 408 EXTW)
“Pu-234 1.00E+02 EXTW) 1.00E+07 EXTW)
*Pu-235 1.00E +02 EXT(W) 1.00E407 EXTW)
*Pu-236 1.00E+01 NHW) 1.00E 404 INHACCFW)
*Pu237 1.00E+08 EXTW) 1.00E+07 EXT(W)
Pu-238 1.00E+00 NHW) 1.00E.+04 NHACC(P)
Pu-230 1.00E 400 NHW) 1.00E+04 NHACCP)
“Pu240 1.00E400 NHW) 1.00E408 NH ACCF(W)
“Pu241 1.00E +02 NHW) 1.00E405 NH ACCFW)
Pu-242 1.00E+00 NHW) 1.00E 404 INH ACCFW)
Pu243 1.00E+03 EXT(W) 1.00E+07 BXTW)
Pu24s 1.00E+00 NHW) 1.00E 404 NH ACCFW)
Am-241 1.00E+00 NHW) 1.00E 404 NHACCP)
*Am-242 1.00E+03 EXT(W) 1.00E 406 SKINW)
“Am-242m+ 1.00E4+00 NHW) 1.00E+04 INH ACCF(W)
*Am-243+ 1.00E400 NHW) 1.00E+03 INH ACCFW)
cm-242 1.00E 402 NHW) 1.00E 405 NH ACCFW)
Tm-243 1.00E 400 NHW) 1.00E+04 NH ACCF(W)
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TABLE 5 SUMMARY OF EXEMPTION ACTIVITEES AND ACTIVITY CONCENTRATIONS (ROUNDED)

NUCLDE  |ACTMVITY CRITICAL PATHWAY ACTVITY BQ CRITICAL PATHWAY
CONCENTRATION BOG [FOR EXEMPT FOR EXEMPT
CONCENTRATION ACTNVITY
Cm-244 1.00E 401 NHW) 1.00E +04 NH ACCP)
Tm-245 1.00E +00 W) 1.00E+03 INH ACCF(W)
Tm-246 1.00E +00 W) 1.00E+03 INH ACCF(W)
Tm-247 1.D0E +00 NHW) 1.00E +04 INH ACCFW)
Tm-248 1.00E 00 NHW) 1.00E+03 NH ACCF(W)
Bx-249 1.00E+03 NHW) 1.00E 406 INH ACCFW)
CH246 1.00E+03 NAW) 1.00E 406 INH ACCFW)
248 1.00E 407 NHW) 1.00E 404 NH ACCF(W)
c+-249 1,00 +00 NHW) 1.00E 408 INH ACCF(W)
ct0 1.00E 401 NHW) 1.00E+04 INH ACCFW)
ct251 1.00£ 400 NHW) 1.00E.03 INH ACCF(W)
cr252 1.00E+01 NW) 1.00E+04 INHACC(P)
c+253 1.00E+02 NHW) 1.00E +05 INH ACCFW)
"CL254 1.00E +00 NHW) 1.00E +03 INH ACCF(W)
€253 1.00E +02 NHW) 1.00E 405 INH ACCF(W)
Es-25¢ 1.00E+01 NHW) 1.00E +04 INH ACCFW)
*Es-254m 1.00E+02 EXTW) 1.00E +06 EXT(W)
Fme254 1.00E+04 NHW) 1.00E 407 INH ACCF(W)
“Fm.255 1.00E 00 EXTW) 1.00E +06 INH ACCF(W)




LEGEND FOR TABLES 4 AND §
PREFIX (") REFERS TO RADIONUCLIDE OF UNKNOWN USE AND WASTE FORM.

SUFFIX (+). (N) REFERS TO DAUGHTERS WHICH ARE LISTED IN TABLE 2.

ACTIVITY CONCENTRATIONS

EXT(W) EXTERNAL IN WORKPLACE FROM 1M CUBED SOURCE
EXTG(W) EXTERNAL IN WORKPLACE FROM GAS BOTTLE
INH(W) INHALATION IN WORKPLACE

ING ACC(P) ACCIDENTAL INGESTION TO PUBLIC FROM LANDFILL

ACTIVITIES

SKIN(W) SKIN DOSE tN WORKPLACE

EXT(W) EXTERNAL IN WORKPLACE (EFFECTIVE SKIN + POINT SOURCE)
INH ACCF(W) INHALATION IN WORKPLACE FROM FIRE

EXT ACCF(W) EXTERNAL IN WORKPLACE FROM FIRE

INH ACC(P) ACCIDENTIAL INHALATION TO PUBLIC FROM LANDFILL

ING ACC(P) ACCIDENTAL INGESTION TO PUBLIC FROM LANDFILL



FIGURE 1 Block dlagram lllustrating methodology for calculating exempt actlivities and actlvity concentrations
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E = Efective dose.
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FIGURE 2 Block dlagram showing workplace and public scenarlos used to calculate doses for unit activity of 1 Bq
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FIGURE 3 Block dlagram showing workplace and public scenarios used to calculate doses for unk activity concentrations 1 Bq g"
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APPENDIX A

Descriptions of scenarios, pathways, and formulae
used for the dose calculations
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APPENDIX A

Descriptions of scenarios, pathways and formulae
used for the dose calculations

This section gives details of the scenarios and pathways considered, together with associated
formulae, parameters and references. Doses are calculated for unit activity concentration (1 Bq gh
and unit activity (Bq) of the radionuclide in question.

Three types of exposure scenario are considered: exposure in the workplace in the course
of normal use of the source, exposure of workers as a result of an accident, and normal and
accidental exposure to members of the public from a landfiil site. Each scenario gives rise to doses
from one or more of the following exposure pathways: external exposure, ingestion or inhalation.
Taking each scenario in tumn, the doses from the relevant pathways are calculated and then summed
to give a total dose for that scenario. These total doses are then compared with the dose criteria.

In cases where exposures are not certain to occur (accidental exposures), an ‘annual average
dose’ was calculated, equal to the product of the dose if it occurs and the annual probability that
it will occur.

A Activity concentration
A1 Normal use scenario

This scenario represents normal use of the source by an operator in the course of his or her
work. Only doses to the person(s) using the source are assessed and it is assumed that the
individual receives exposures via both external and internal (inhalation and ingestion) pathways.

Al.l  External exposure from handling a source

The individual is assumed to pick up and handle a source for a limited proportion of the
working day (approximately 1% to 5%). Typical situations, which involve handling sources, may
include the following:

(@) Manipulation of small sources, eg, the fitting of sources into jigs for calibrating
instruments, This scenario also applies to long lived noble gases with a half life greater
than 24 hours.

(b) Packaging of radioactive sources or materials.

©) Machining of small radicactive components, eg, items manufactured from uranium.

It was assumed that the source is held by the fingers or within the palm of the hand, where
the skin thickness is 400 pml. For beta radiations the dose rate factor for 400 um2 was used and
for gamma radiation the dose rate factor for 70 pm3 was used, since no other data were available.

The exposure times and geometry considered here are such that an accidental situation,
whereby a member of the public handles a source at a landfill site is covered by this scenario.

The skin equivalent dose from external radiation from a source in contact is given by:

Hoin As T (R; + Ryy)

where:  H,, = Skin equivalent dose (Sv y?)
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As = Acuvily per unit area (Bg cm™?)

T = Exposure time (h y'l)
(=25 10! h y‘1 for all sources)

R; = Skin equivalent dose rate to the basal layer of skin epidermis, for gamma
irradiation (7 mg cm®)” (Sv h'! per Bq cm?)°.

R,, = Skin equivalent dose rate to the basal layer of skin epidermis, for beta

irradiation (40 mg cm?) (Sv h'! per Bq cm?)2,

The two halves are considered to be in contact with the skin and the activity per unit area,
As, is calculated from the activity concentration per unit mass using the following method:

As=c__M _cvyu
CONTACT

where C = Activity concentration per unit mass of source (1 Bq g'l)

CONTACT is calculated by dividing the mass of the source by the mass per unit area, assuming that
opposite halves of the source are both in contact with skin.

M M

CONTACT = _"—_ = __
el v
7
where: M = Mass of source (g)

Density of source (g cm™)
Half thickness of source (cm)

i

o~ o

For sealed gaseous sources, CONTACT is taken to be 0.5 cm? (the typical dimension of
a source) and M is 6.15 10 g.

Values of M, p, % and U used for the dose calculations are given in the table below:

These values are typical for the sources considered.

Source type M (g) p (g em?) v2 (cm) U (g em?
Dispersable 3.00 10 1.12 (resin) 1.50 10" 168 10"
solids

Gaseous 6.15 10 - - 1.2310°°

The effective dose from external radiation from a source is given by:

CONTACT

E = Hskin Wekin —BODY

"Assume density of skin is approximately equivalent to that of water (1 g cm3).
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where: E = Effective dose (Sv y'l)
. 5
Woin = Tissue weighung factor = 1 107
BODY = Total skin area = 1 10* cm?

Al.2  External exposure from a 1 m’ source

The operator is assumed to be exposed from a source of approximately 1 m? for 100 hours
per year. Examples of this are exposure from small stock piles of ores containing natural
radionuclides, process materials, or a store of small sources of waste, such as a cabinet.

The doses from a 1 m? source were calculated from semi-infinite/infinite slab geometry
dose factors for beta® and gamma energics7. A geometry factor was applied to the gamma dose rate
factor to represent a 1 m’ source’ and a shielding factor was applied to the beta dose rate
represent shielding by a cabinet. Both dose factors took account of self attenuation within the

source.
The effective dose from external radiation from a 1 m* source is given by:
E =CT ((GAM R; GEOM) + (BETA SHIELD))
where: E = Effective dose (Sv y'l)
C = Activily concentration per unit mass (1 Bq gl
T = Exposure time (h y'h
(110°hy?h)
GAM = Effective dose rate 1 m above an infinite thick slab of 1 Bq g'! per MeV of

gamma energy
((Sv b'") per (Bq g! MeV))
(= 3107 ((Sv h'!) per (Bq g! MeV)))!

R, = The average photon energy per disintegration (MeV)?

BETA = Effective dose rate from beta particles 1 m above a
semi-infinite’ slab of 1 Bq g (Sv h'! per Bq g')®

SHIELD = Shielding factor for beta pén.icles
(=110

GEOM = Geomery reduction factor from infinite slab to finite source size
(=210%8

For radionuclides for which BETA was not listed in reference 6, BETA was obtained by
interpolation, using a graph of BETA against average energy based on the nuclides in reference 6,
thus:

For energies < 0.1 MeV BETA =0
For energies 2 0.1 MeV < 0.4 MeV log, BETA = 6 log_ R, - 164
For energies > 04 MeV log, BETA = 2.86 log, R, - 19.7

where: R, = The average beta energy per disintegration (MeV)s.

*A semi-infinite slab is assumed to be approximately the same as an infinite slab for beta energies.

42



Al.3  External exposure from a gas bottle

The operator is assumed 1o work at a distance of 1 m from a single gas bottle containing
the radionuclide in question for 100 hours per year. This exposure geometry can be adequately
represented by a 0.1 m? solid source’, which approximates 1o 3 1073 of the exposure from an infinite
slab. This exposure pathway may occur in a number of situations, such as hospitals or research
laboratories, where the person may be unaware of the potental dose from the gamma radiation
emitted by the gas. It is unlikely that the beta particles will have any effect as they will be absorbed
within the gas cylinder walls and hence these have been ignored. It is assumed that the 0.5 cm steel
gas bottle walls provide negligible shielding from gamma energies.

The effective dose from external radiation from a 0.1 m’ gas bottle is given by:

E=CT (GAMR,) GEOM

where: E = Effective dose (Sv y™)

C = Acgvity concentration per unit mass (1 Bq g'l)

T = Exposure time (h y'l)
=1 10% h y'1 (noble gases))

GAM = Effective dose rate at 1 m above an infinite thick slab of 1 Bq g‘1 per MeV
of gamma energy ((Sv hh per (Bq g'1 MeV))
(= 3107 ((Sv h'l) per (Bq g”! MeV)))’

R, = The average photon energy per disintegration (MeV)?

GEOM = Geomerric reduction factor from infinite thick slab source 1o 0.1 m>
solid source.
(= 3103

Al.4  Inhalation of dust

The operator is assumed to be exposed for a normal working year (2000 h y'l) to an
ammosphere with a dust concentration of 0.04 mg m>, assuming that adequate engineering controls
are employed for ventilation. This level is similar to the average air concentrations allowed for
industrial processes, for some elements, as a result of their chemical toxicity limits. For exampie,
silicon and cobalt are restricted to 0.1 mg m™ ® and beryllium is restricted to 0.002 mg m> 10,

Examples of situations where a user may be exposed to radioactively contaminated dust
include exposure to natural radionuclides in the processing of mineral ores (eg Monazite sands for
the production of thorium gas mantles) and during the manufacture of specialist refractories. Future
exposure may occur where radioactively contaminated metals may be sawed or milled to produce
a usable product.

The committed effective dose from inhalation of dust and volatiles is given by:

E=CTINHR10DUS[

where: E = Committed effective dose (Sv y'l)
C = Actvity concentration (1 Bq gh
T = Exposure time (h y)

(=210 hy")



INH = Breathing rate (m3 hh

(= 1m? !
R,, = Committed effective dose per unit intake for inhalation (Sv Bq)!?
Dust = Concentration of airborne dust (g m™)

(= 4107 gm?)

Al.5  Ingestion from contaminated hands

This pathway assumes an individual works for a normal working year (250 days per year)
in an environment in which dust (contaminated with radionuclides) at an air concentration of
0.04 mg m™ settles on work surfaces. The size of the room is assumed to be 32 m? and it is
assumed that all the dust setties in a working day, giving a total of 1.28 107 g of deposited dust per
day. It is assumed that the individual will inadvertently pick up and ingest 10% of the deposited
dust each day, ie, an ingestion rate of 1.28 10 g per day. The total ingested mass of contaminated
dust 1s therefore 32 mg per year.

The committed effective dose from ingestion of dust is given by:

where: E = Committed effective dose (Sv y™!)
C = Activity concentration (1 Bq g
ING = Annual ingestion rate of contaminated material (g y'') (= 32 mg y!)
Ry = Committed effective dose per unit intake for ingestion (Sv Bq )12
A2 Accidental (workplace) scenario

This scenaro represents exposure arising from accidents and misuse in the workplace. The
exposure pathways are external and internal (ingestion and inhalation). However, all these pathways
have been considered in the normal use (workplace) scenario and the combination of dose rate,
exposure time and probability of occurrence for the accidental pathways gives rise to average annual
doses that are lower than those from the corresponding normal use (workplace) pathway. Therefore
the Accidental (workplace) scenario is considered to be adequately covered by the Normal use
(workplace) scenario and is not treated explicitly.

It can also be shown that the dose to the individual, should the accident occur, would be
below the 1 mSv per year effective dose limit and the 50 mSv skin dose limit, as follows:

(a) For skin dose: the contact time assumed for normal use (workplace) is 25 h per year. If
an accident occurred, the exposure time is likely to be much shorter (10 mins would appear
to be a more reasonable esumate). Therefore, if normal use gives doses below the 50 mSv
skin dose limit, then so will an accident, if it occurs.

(b) For external dose: an exposure time of 100 hours per year was used in the normal use
(workplace) scenario. Assuming continual occupancy, the maximum individual dose is
around 0.7 mSv.

©) For inhalation: a dust loading of 40 pg m over the working year was used in the normal
use (workplace) scenario. In order to incur a dose of 1 mSv the dust loading throughout
the year would have to reach 4 mg m™3, which is verging on an intolerably dusty
atmosphere.



(d) For ingestion: an ingestion rate of 32 mg per year is used in the normal use (workplace)
scenario. In order to incur a dose of 1 mSv, over 3 g of material would have to be

ingested in an accident.

A3 Disposal (public) scenario

The disposal scenario for activity concentrations considers the exposure of a member of the
public who is visiting a landfill site in which a radioactive source has been disposed. Most sites
are accessible to the public, especially if they are those which allow individual members of the
public to dump their own rubbish, such as Local Authority tips in the UK. The landfill site 1s
assumed 10 be a generic small site with a capacity of domestic waste of 1.5 10* tonnes®, over an
area of 1 10?2 km?. A delay of 24 hours is assumed to occur between use of the source and its
subsequent disposal at the landfill site. The source is assumed to decay over this period.
Radioactive decay over the exposure time of the individual is not included. This is a conservative
assumption and also allows for the possibility of sequential disposal of sources. Accidental exposure
of a member of the public is considered via two pathways, external and inhalation exposures. The
ingestion pathway is considered as a normal exposure pathway.

For both accidenial pathways, the chance of an exposure occurring in a year is assumed
to be 1 in 100, or a probability of 1 102

A3.1  External exposure from a landfill site

This pathway considers a member of the public walking over the landfill site for an annual
time considered to be typical of outdoor recreational activities (300 h y'!). When the source is
disposed of on the landfill site it may either become diluted by the remaining waste, or remain an
isolated source. In both cases the external dose to the individual will be the same.

The doses are calculated from external gamma radiation assuming that the landfill site can
be represented by an infinite thick slab geometry as described in section A1.2.

The average annual effective dose from external radiation from a landfill site is given by:

where: E = Average annual effective dose (Sv y'l)
(&N = Diluted activity concentration (Bg g'l)
T = Exposure time (h y'l)

(= 300 hours y)

GAM = Effective dose rate 1 m above an infinite thick slab of 1 Bq g’!, per MeV of
gamma energy ((Sv h‘l) per (Bg g'1 MeV))
(=3107 ((Sv ") per (Bq g™ MeV)))!

R; = The average photon energy per disintegration (MeV)®
S = Probability of exposure occurring in a year
(= 1102y
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The diluted activity concentration 1s calculated from source activity concentration in the
following manner:

cp = ¢ Ml pecay
M2

where: C = Source activity concentration (1 Bq g’!)
"Ml Mass of source (g)
(=1 10° g) (typical mass and used for all waste forms except gases)
M2 = Mass of waste tip (g)
(= 1.5 101° g)®
Fraction of parent radionuclide remaining after 24 hours of radioactive decay
(daughters are not considered)

1}

DECAY

A3.2  Inhalation of dust from a landfill site

This pathway considers a member of the public walking over a landfill site as in A3.1 and
inhaling dust from the exposed contaminated soil from a single source for 1 hour per year. The
concentration of airbomme dust is assumed to be 1 mg m>7 and contaminated in the same
proportion as the soil in A3.1.

The average annual commitied effective dose from inhalation of dust from a landfill site
1s given by:

where: E = Average annual committed effective dose (Sv y1)
Cp = Diluted activity concentration (Bq g!)
T = Exposure time (h) if exposure occurs
(=1h)
INH = Breathing rate (m> h'))
(=1 m3 hhi!
R;; = Commited effective dose per unit intake for inhalation (Sv BqH)!?

Dust = Concentration of airborne dust (g m'3)
(=1102 gm3

s = Probability of exposure occurring in a year
(=110%y")

The diluted activity concentration is calculated from the source activity per unit mass in
the following manner:

M1
Cp=C =
P M2
where: C = Source activity concentration (1 Bq g'1)
M1 = Mass of source (g)

(= 110? g) (typical mass and used for all waste forms except gases)
M2 = Mass of waste tip (g)
(= 1.5 1010 g)°
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A3.3 Ingestion of an object from a iandfill site

A member of the public is assumed to be walking over a landfill site and inadvertently
ingests a small quantity of activity from the source. This scenano represents several different
situations, for example, a person finding a radioactive source or an object contaminated with
radioactivity which has seeped from a source, a person ingesting contaminated soil from their hands
or a child accidentally swallowing a contaminated object.

It is assumed that an individual member of the public ingests 1 g of the source per year.
(This is based on an ingestion rate of 2 g y'! typically used for inadvertent ingestion of soil while
gardening, and allowing for the fact that some of the ingested material would not be contaminated.)

The average annual commited effective dose for ingestion of an object found on a landfill
site is given by:

E = C Ml f Ry DECAY

where: E = Average annual corﬁmined effecuve dose (Sv y'l)
C = Acuvity concentration of source (1 Bq g'l)
Ry = Committed effective dose per unit intake for ingestion (Sv Bq'})!?
f = Fraction of source ingested in a year
(=110?
Mi1 = Mass of source (g)
(= 110% g)
DECAY = fraction of parent nuclide remaining after 24 hours of radioactive decay
(daughters are not considered).
B Activities (Quantities)
B1 Normal use (workplace) scenario

The normal use (workplace) scenario for quantities or activities of radionuclides considers
external exposure to the operator in the course of his or her work. Again, as with Actvity
Concentrations, only doses to the person(s) using the source are assessed.

Bl.1  External exposure from a point source

The operator is assumed to be working near a small source, represented by a point source

at 1 m.
Typical situations where this scenario may occur are as follows:

(a) Where repetitive use is required from a small sealed source to test equipment;

b) During fitting of small sealed sources into devices (eg a device such as a smoke detector
or scientific instrument);

© Where small sealed sources or small quantities of unsealed radioactive solutions (vials) may
be packaged into containers;

(d) Use of radioactive sources in industry for tracer studies.

The effective dose from external radiaton from a point source is given by:

E=AT®Rg+ Ry
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where:

B1.2

E = Effecuve dose (Sv y‘l)
A = Activity of source (1 Bq)
T = Exposure time (h y'l)

(= 110% h y! for liquids and dispersable solids.

2 10% h y’! for non-dispersable solids, capsule and foil).
Ry = Effective dose rate for 1 Bq point source at 1 m (gamma) (Sv hl per Bq)6
R,, = Effective dose rate for 1 Bq point source at 1 m (beta) (Sv hl per Bq)6

External exposure from handiing a source

The individual is assumed to pick up and handle a source for a limited proportion of the

working day (approximately 2-3 minutes). Typical situations, which involve handling sources, may

include the following:

(a)

(b)
©

Manipulation of small sources, eg, the fitting of sources into jigs for calibrating
instruments. This scenario also applies to long lived noble gases with a half life greater
than 24 hours.

Packaging of radioactive sources or materials.

Machining of small radioactive components, eg, items manufactured from uranium.

It was assumed that the source is held by the fingers or within the palm of the hand, where

the skin thickness is 400 pm!. For beta radiations the dose rate factor for 400 pm2 was used and
for gamma radiation the dose rate factor for 70 um3 was used, since no other data were available.

It 1s assumed that the glass vial ;:ontaining liquids, attenuates beta emitters through a glass

wall thickness of 150 mg cm2,

where:

The skin equivalent dose from external radiation from a source in contact is given by:

Hg,, = AsT (R, + R,y for dispersable solids, sealed gaseous sources, capsule and foil
Ry4 .
Hy,, = AsTR,+ (_SI?)) for liguids
H,., = Skin equivalent dose (Sv )
As = Activity per unit area (Bq cm?)
T = Exposure time (h y'l)
(= 110" h y! for all sources).
R, = Skin equivalent dose rate to the basal layer of skin epidermis,

for gamma irradiation (7 mg cm'z)i
(Sv h'! per Bq cm®)>.
R,, = Skin equivalent dose rate to the basal layer of skin epidermis,
for beta irradiation
(40 mg cm™®) (Sv h'! per Bq cm3)2.
SF = Shielding factor for liquid sources held in glass vials'?.

*Assume density of skin is approximately equivalent to that of water (1 g cm3).
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where:  SF = M
0.017 x By, 1
150 mg cm™

and p
d

The activity per unit area, As, is calculated from activity and activity concentrations using

the following method.

- A
CONTACT
where: A = Activity of source (1 Bq)
CONTACT = Area of skin in contact with source (cmz)

For liquid and solid sources CONTACT is calculated by dividing the mass of the source by the mass
per unit area, assuming that opposite halves of the source are both in contact with skin.

coNTACT = _ M - M
t U
p 7)

where: M = Mass of source (g)
Density of source (g cm?)

Half thickness of source (cm)
(10 account for 1 Bq distributed over two halves of the source)

er—-'b

For sealed gaseous sources, CONTACT is taken to be 0.5 cm? (the typical dimension of a source)
and M is 6.15 10 g.

Values of M, p, _;. and U used for the dose calculatons are given in the table below:

These values are typical for the sources considered

Source type M (g) p (g em) t/2 (cm) U(g em?
Liquids 1.00 10 1.00 (water)® 5.00 10" 5.00 10™'
Dispersable 3.00 10’ 1.12 (resin)'¥ 1.50 107" 1.68 107
solids

Capsule 8.00 10 5.00 (iron mixed)® 8.00 10°° 4.00 107
Foil 4,00 10™ 5.00 (iron mixed)!¥ 5.00 10°° 2.00 10™
Gaseous 615107 - - 1.23 10°

‘The effective dose from extemal radiation from a source is given by:

) CONTACT
E = Faan Yaon —gopy—
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where: E = Effective dose (Sv y)
A%
Wi, = Tissue weighting factor = 1 107
BODY = Total skin area = 1 10% cm?

B2 Accidental (workplace) scenario

The accidental (workplace) scenario for activity calculations considers exposure arising
from accidents or misuse in the workplace.

The worker is assumed to be exposed to external and internal dose pathways from two
basic situations: accidental spillage of radionuclides and contaminated smoke from a firc. Note for
most spillage pathways the mass of the source is assumed to be 10 g for liquids and 30 g for
dispersable solids. The exception is for pathway B2.5, where a more pessimistic mass of 100 g
is assumed.

When calculating exempt levels, the two basic situations were treated separately ie. exempt
levels were obtained for Accidental (spillage) and Accidenial (fire) by summing the doses from the
appropriate pathways but the spillage and fire doses were not added together.

B2.1  Spillage: external exposure from contaminated hands

Calculation of exposures from this pathway assumes that an individual accidentally spills
a radioactive solution (liquid) or powder (dispersable solid) over a working surface and 10% is
assumed to contaminate the back of the individual’s hands and part of their arms. The individual
fails to recognise this for 10 minutes, when it is washed off. The skin thickness over this region
is 40 pm' and skin doses were calculated for a thickness of 40 pm for beta particles (monoenergetic
electrons and continuous energy beta spectra) and 70 pm for gamma radiation.

The average annual skin equivalent dose resulting from hand and arm contamination due
to spillage is given by:

Hy, = As T (R;+Rg) s

where: H,. = Average annual skin equivalent dose (Sv y')

As = Activity per unit area if spillage occurs (Bq cm™)

T = Exposure time (h) if spillage occurs
(=0.16h)

R, = Skin equivalent dose rate to the basal layer of the skin epidermis,
for gamma irradiation (7 mg cm2)? (Sv h'! per Bq cm 2y

Rg = Skin equivalent dose rate 1o the basal layer of the skin epidermis,
for beta irradiation (4 mg cm™) (Sv h'! per Bq cm™2)?

S = Probability of exposure occurring in a year
(=1102y"

The activity per unit area, As, is calculated from the activity, using the following method.
It is assumed that an activity of 1 Bq of a radioacuve material is being used in solution
(liguid) or as a powder (dispersable solid). The mass of the solution is assumed to be 1 10} g and

$Assume density of skin is approximately equivalent to that of water (1 g cm)
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the powder 3 10! g. During a procedure, an accident occurs and all of the solution or powder is
assumed to be spilt onto a working surface. It is assumed that 10% of this material is transferred
to the back of the hands and arms with a deposil thickness of 1 102 cm®.

Activity deposited on hands and arms

As =
Area of skin 1n contact with spilt source
. Af
CONTACT
where: A = Activity of source before spillage (1 Bq)
f = Fraction of spilt material transferred to hands (= 1 107)®
CONTACT = Area of skin in contact with spilt source

CONTACT is calculated by dividing the mass of deposit on the hands by the mass per unit area of
the deposit.

contacT = Mf.m
pt U

where: M = Mass of source before spillage (g)
(= 110" g for liquids; 3 10! g for dispersable solids (typical source sizes))
f = Fraction of spilt material transferred 1o hands
(=11018
p = Density of deposit on hands (g cm™)
=1g cm for liquids6; 5100 g cm for dispersable solids®)
t = Thickness of deposit on hands (cm)
(=1 102 cm)6
m = Mass of source on hands (g)

(= 1 g for hquids; 3 g for dispersabie solids)
Therefore CONTACT = 1 10? cm? for liquids; 6 10? cm? for solids

The effective dose resulting from hand and arm contamination due to spillage is given by:

CONTACT
E = Hskm Wskin BODY

where: E = Effective dose (Sv y'l)
5
Woin = Tissue weighting factor for skin = 1 1072
BODY = Toual skin area = 1 10* cm?

B2.2  Spillage: external exposure from contaminated face

This pathway assumes the situation where a spillage has occurred as in B2.1, and 10% of
the material which has contaminated the hands is transferred to the face where it remains for
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10 minutes, before it is washed off. The skin thickness over the face is 40 um1 and doses are
calculated using the same dose factors as described in B2.1.
The average annual skin equivalent dose resulting from face contamination due to spillage

1s given by:
Hskin = AsT CR7+RS) N
where: Hg, = Average annual skin equivalent dose (Sv y'l)
As = Activity per unit area (Bq cm™2) if spillage occurs
T = Exposure time (h) if spillage occurs
(= 0.16 h)
Ry .= Skin equivalent dose rate to the basal layer of skin epidermis for
gamma irradiation (7 mg cm2)! (Sv h™! per Bq cm2)?
Rg = Skin equivalent dose rate to the basal layer of the epidermis for beta irradiation
(4 mg cm®) (Sv h'! per Bq cm™®)?
$ = Probability of an exposure occurring in a year
(=1102y%

The acuvity per unit area, As, is calculated from the activity using the following method.

It is assumed that a similar situation occurs to that described in B2.1. The solution or
powder, of mass 1 10! g or 3 10! g respectively is spilt onto a working surface and 10% of this
material is transferred to the hands. 10% of the material on the hands is later transferred to the face
at a deposit thickness of 1 10 cm®.

Activity deposited on face

As =
Area of skin in contact with source
_ Af
CONTACT
where: A = Activity
f = Fraction of spilt material transferred to hands and then to face
(=101 x 101 =1 10%°
CONTACT = Area of skin in contact with spilt source

CONTACT is calculated by dividing the mass of deposit on the face by the mass per unit area of
the deposit.

CONTACT =

Mf m
pt U

where: M = Mass of source before spillage (g)
(= 110! g for liquids; 3 10! g for dispersable solids (typical source sizes)).

| Assume density of skin is approximately equivalent to that of water (1 g cm™)
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f = Fraction of spilt material transferred to hands and then 1o face
(=101 x 101 = 1 10%)®
p = Density of deposit on face (g cm?)
(=1 g cm? for liquids®; 5 10! g em™ for solids®)
t = Thickness of deposit on face (cm)
(=1 1072 cm)6
m = Mass of source on face (g)
(= 1107 g for liquids; 3 10 g for solids)

Therefore CONTACT = 1 10% cm? for liquids; 6 10 for solids.

The effective dose resulting from face contamination is given by:

E=H., w. CONTACT
skin skin __BOT—
where: E = Effective dose (Sv y'l) for skin
Wain = Tissue weightng factor for skin = 1 1072
BODY = Total skin area = 1 10* cm?

B2.3  Spillage: external exposure from contaminated surface

This pathway represents the situation where a radioactive solution (liquid) or powder
(dispersable solid) is spilt on a surface and is not immediately noticed. It is assumed that the total
quantity of the solution or powder is spilt over a circular area of a working surface of 7 m? (radius
of 1.5 m). The exposed individual is assumed to be working at a distance of 1 m from the spilt
source, for a period of 10 minutes, before the accident is recognised. Doses were calculated
assuming the contaminated area was of a finite extent. The infinite plane geomerry effective dose

15 10 account for the finite area

equivalent factor'* was multiplied by a geometry reduction factor
of the spilt source,

The average annual effective dose from external radiation from a spilt source is given by:

E = As T (Rg+Ry) GEOM s

where: E = Average annual effective dose (Sv y‘l)

As = Activity per unit area (Bq m™) if spillage occurs

T = Exposure dme (h) if spillage occurs
(=0.16 h)

Rs+R, = Effective dose rate 1 m above an infinite plane for gamma and beta radiation
(Sv h'l per Bq m'z)14

GEOM = Geometric reduction factor relating a contaminated area with radius 1.5 m to
an infinite plane
(= 110H)13

s = Probability of exposure occurring in a year
=110%yh
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The activity per unit area, As, is calculated from the activity using the following method:

As = _i_ =AU
AREA
where: A = Actvity of source (1 Bq)
AREA = Area of contamination (m?)

(= 7m?)

B24  Spillage: ingestion from hands

This pathway assumes a situation where a radioactive solution (liquid) or powder
(dispersable solid) is spilt and the individual inadvertently ingests from his or her hands 1 mg of
spilt material, (ie, 1 107 of the total activity).

The average annual committed effective dose from ingeston from contaminated hands
following a spillage is given by:

E = AfRgs
where: E = Average annual committed effective dose (Sv y'l)
A = Actvity of source (1 Bq)
f = Fraction of total activity which is ingested if spillage occurs
(= 1107 (0.001%))
R, = Commitied effective dose per unit intake for ingestion (Sv Bq'l)12
s = Probability of exposure occurring in a year
(=1107y™h

B2.5  Spillage: inbalation of resuspended activity

This pathway assumes a situation, where a radioactive solution (liquid) or powder
(dispersable solid) is spilt and an individual inhales the dust or aerosols for 10 minutes, close to the
source. The mass of the spilt source is assumed to 100 g and the dust arises from this at a

concentration of 5 mg m>.
The average annual committed effective dose from inhalation of aerosols or dust from a

spilt source is given by:

EC=ATINHR10DusmsT14.

where: E_ = Average annual committed effective dose (Sv y1)
A = Activity of source (1 Bq)
T = exposure ume (h) if spillage occurs
(= 0.16 h)
INH = Breathing rate (m3 h'))
(=1 m3 bl
R, = Committed effective dose per unit intake for inhalation (Sv Bq™)!?.
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S = Probability of exposure occurring in a year
(=1107yh

M = Mass of spilt source (g)
(=110*g)

Concentration of airborne dust (g m)
(=510% gm?)

Dust

B2.6  Spillage: external dose from an aerosol or dust cloud

This pathway assumes that an aerosol or dust cloud 1s formed from spilling a solution
(liquid) or powder (dispersable solid), it disperses uniformly in a working room of 32 m’ and
remains airborne for at least 10 minutes. The individual is assumed to remain in the room for a
penod of 10 minutes and be exposed externally to the cloud.

It is assumed that all the mass from the spilt liquid is dispersed into the room by
evaporation as aerosols and the airbomne fraction which is radioactive depends on the volatility of
the particular radionuclides.

For the spilt solid it is assumed that an airbome dust concentration of 5 mg m™ occurs
throughout the room which, for a 30 g source, constimtes 0.53% of the total mass spilt.

The external dose to the individual is calculated using effective dose factors based on total
immersion in a semi-infinite cloud.

The average annual effective dose from external exposure to gamma and beta emitters in
a dust cloud from spillage is given by:

% T[®, CF1) + Ry CF2 wy)) s

E =
h
where: E = Average annual effective dose (Sv y})

X = Activity per unit volume of air (Bq m?) if spillage occurs

T = Exposure time (h) if spillage occurs
(=0.16 h)

R, = The average gamma photon energy per disintegration (MeV)8

CF1 = Effective dose rate in a semi-infinite cloud for 1 Bq m> per MeV of gamma
energy. ((Sv y'!) per (Bg m™> MeV))
(= 1.6 100 ((Sv y'!) per (Bq m™ MeV)))!6

R, = The average beta energy per disintegration (MeV)8

CF2 = Skin equivalent dose rate in a semi-infinite cloud for 1 Bq m per MeV of
bewa energy
((Sv y™!) per (Bq m™ MeV))
(=210® ((Sv y'') per (Bq m™? MeV)))!¢

Wqin = Tissue weighting factor = 1 1077

S = Probability of exposure occurring in a year
(=1102yh

h = Number of hours in a year (h y'})
(= 8760 h y'h
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The activity per unit volume, . is calculated from the acuvity using the following method:
For liquids:

=AfV=AUV

VOL

For dispersable solids:

X = _A_f =AU
VOL
where: A = Actvity of source (1 Bqg)
f = Fraction of source dispersed into room
(= 1 for liquids; 5.3 1073 for solids (Typical value for a small source))
\Y = Volatility of radionuclide
VOL = Volume of room source is dispersed in (m3)

(= 32 m? (typical laboratory room))

B2.7 Fire: Contamination of skin

This pathway considers a laboratory fire in which the radioactive source is ignited. The
fraction of the source which is combustible into ash is assumed to be 100% for liquids and 1% for
all other waste forms. For skin contamination it is assumed that the ash is deposited over a large

6. The skin dose was calculated assuming that a

area of the workplace, to a thickness of 0.1 mm
skin area of 100 cm? was exposed to the deposit for 10 minutes. This is likely to be the paris of
the face or the back of the hands, where the skin thickness is only 40 pm6. Doses are calculated
using the same dose factors as described in B2.1.

The average annual skin equivalent dose resulting from skin contamination from an

accidental fire is given by:

Hyin = As T (Ry+Rg) s
where: Hg, = Average annual skin equivalent dose (Sv y!)

As = Activity per unit area (Bq cm'z) if fire occurs

T = Exposure time (h) if fire occurs
(= 0.16 h)

R; = Skin equivalent dose rate to basal layer of skin epidermis for gamma irradiation
(7 mg cm'z)" (Sv h! per Bq cm'z)3

Rg = Skin equivalent dose rate to basal layer of skin epidermis for beta irradiation
(4 mg cm’z) (Sv hl per Bg cm'z)2

s = Probability of an exposure occurring in a year
(= 1107y

" Assume density of skin is approximately equivalent to that of water, (1 g cm™).
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The activity per unil area, As, is calculated from the activity using the following method.

1t 1s assumed that the ignited source produces a smoke cloud in which ash is deposited over
a large area at a uniform activily per unit area. However, only 100 cm? of this deposit resulls in
a dose to the exposed skin of the individual. The form of the deposit is likely to be water droplets
for liquids and ash for all other waste forms. Gases are assumed 10 give no deposit - external doses
from this waste form are considered for the cloud gamma and beta pathway (section B2.9).

As = L
AREA
where: A = Activity of source before ignition (1 Bq)
c = Fraction of source which is combusted into ash/water vapour
(=1 for liquids; 1 10”2 for all other waste forms)
AREA = Area of surface contaminated with ash/water droplets (cmz)

AREA is calculated by dividing the total mass of deposit by the mass per unit area of
deposit, assuming that the thickness is 0.1 mm and has the same physical properties as a dust.

AREA = M¢_m
pt U

where: M = Mass of source before ignition (g)

(=1 102 for all waste form)

C = Fraction of source which is combusted
(= 1 for liquids; 1 1072 for all other waste forms)

p = Density of deposit on surface (g cm™)
(=5101 gem®

t = Thickness of deposit (cm)
(= 1102 cm)®

m = Mass of combusted material forming deposit (g)
(=110 g for liquids; 1 g for all other waste forms)

The effective dose resulting from skin contamination of fire ash is given by:

CONTACT

E = Haan Wain —55py—

where: E = Effective dose (Sv)
5
W opin = Tissue weighting factor = 1 107
CONTACT = Area of skin contamination = 1 10 c¢m?
BODY = Total skin area = 1 10* cm?
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B2.8 Fire: inhalation of dust or volatiles

This pathway considers the same laboratory fire as in B2.7, in which a person inhales the
combustion products for 10 minutes. This could occur even afier the fire is extinguished, if the air
remains laden with combustion products. It is assumed that 100% of the combusted fraction (100%
for gases and liquids, 1% for all other waste forms) fills a room of 32 m® and remains at the same
air concentration for at least 10 minutes.

The average annual committed effective dose from inhalation of aerosols and ash from an

accidental fire is given by:

E=x TINHRys

where: E = Average annual committed effective dose (Sv y'l)
Y = Activity per unit volume of air (Bq m3) if fire occurs
T = Exposure time (h) if fire occurs
(= 0.16 h)
INH = Breathing rate (m3 h'l)
(= 1m3 ph!!
R, = Committed effective dose per unit intake for inhalation (Sv Bq'l)12
s = Probability of exposure occurring in a year
(=110%yh

The activity per unit volume, ¥, is calculated from the activity using the following method:

x-—-_{s‘__c_=AUc
VOL

where: A = Activity of source before ignition (1 Bq)
C = Fraction of source which is combusted into ash
(= 1 for liquids; 1 102 for all other waste forms)
VOL = Volume of room in which aerosol or ash is dispersed (m3)

(= 32 m?)

B2.9  Fire: external dose from combustion products

In this scenario it is assumed that the fire in B2.7 forms a cloud which persists for at least
10 minutes, in which time an individual will be exposed to an external dose from the gamma and
beta emitters, within the cloud (as in B2.6). It is assumed that 100% of the combustible fraction
fills a room 32 m3, with the same air concentration for 10 minutes.

The average annual effective dose from external cloud gamma and beta emitters in a smoke
cloud from an accidental fire is given by:

_ X T (R, CF1) + R, CF2 wyy)) s
h

E




where:

where:

B3

B3.1

CF2

Wskin

1t

Average annual effecuve dose (Sv y'l)

Actvity per unit volume of air (Bg m‘3) if fire occurs

Exposure ume (h) if fire occurs

(= 0.16 h)

The average gamma photon energy per disintegraton (MeV)?

Effective dose rate in a semi-infinite cloud for 1 Bq m™ per MeV of gamma
energy.

((Sv y) per (Bq m™.MeV))

(= 1.6 10 ((Sv y') per (Bg m™>.MeV)))!®

The average beta energy per disintegration (MeV)8

Skin eguivalent dose rate in a semi-infinite cloud for 1 Bq m> per MeV of
beta energy.

((Sv y'l) per (Bg m'3.MeV))

(= 2 10 ((Sv y'!) per (Bq m™>.MeV)))!®

Tissue weighting factor = 1 10‘25
Probability of exposure occurring in a year
(=1107%y™h

Number of hours in a year (h y'!)

(= 8760 h y'h)

The activity per unit volume, ¥, is calculated from the activity using the following method:

VOL

—— =AUc

Activity of source before ignition (1 Bq)

Fraction of source which is combusted 1nto ash

(= 1 for liquids; 1 10°% for all other waste forms)

Volume of room in which aerosol or ash is dispersed (m?)
(=32 md)

Disposal (public) scenario

This scenario considers normal and accidental exposure of a member of the public visiting
a landfill site. External, inhalation and ingestion pathways are considered. Radioactive decay over
24 hours, the delay between use and disposal, is also considered (see A3).

External exposure from a landfill site

The pathway considers a member of the public walking over the landfill site for an annual
time considered to be typical of outdoor recreational activities (300 hy™!). When the source is
disposed of on the landfill site it may either become diluted by the remaining waste, or remain an
isolated source. In both cases the external dose to the individual will be the same.
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The doses are calculated from external gamma radiation assuming that the landfill site can

be represented by an infinite thick slab geometry.
The average annual effective dose from external radiauon from a landfill site 1s given by:

E=CpT(GAMR)) s

where: E = Average annual effective dose (Sv )

Cp = Diluted activity concentration (Bq gh

T = Exposure time (h y‘l‘)
(=300 hy?h)

GAM = Effective dose rate 1 m above an infinite thick slab of 1 Bq g™!, per MeV of
gamma energy ((Sv h'l) per (Bq g'l.MeV))
(= 3107 ((Sv h'}) per (Bq g'.MeV)))’

R, = The average photon energy per disintegration (MeV)?

s = Probability of exposure occurring in a year

(=1102y7

The diluted activity concentration is calculated from the source activity in the following

manner:
For source activity:

Cp = .2 DECAY
M

Source activity (1 Bq)
Mass of waste tp (g)
(= 15109 g)8

where: A

Z
i

DECAY = Fraction of radionuclide remaining after 24 hours of radioactive decay
(daughters are not considered).

B3.2 Inhalation of dust from a landfill site

This exposure pathway considers two possible routes by which dust may become inhaled
by a member of the public from radioactive contaminated material on a landfill site.

The first considers a member of the public walking over a landfill site and accidentally
inhaling dust from an undiluted source of 1 g, for a period of 1 h/y.

The second considers a member of the public residing close to a landfill site, where they
inhale dust, arising from radioactivity material diluted within 100 kg of soil, for a period of
5000 hyy.

In both cases the doses are the same.

For the first case, the annual committed effective dose is given by:

E = 2 TINH R, Dust s DECAY
M
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where: E = Average annual committed effective dose (Sv y™)

A = Source acuvity (1 Bg)
M = Mass of source (g)
=1g
T = Exposure time (h) if exposure occurs
(=1h)
INH = Breathing rate (m3 hH
(= 1m3 phH!
Ry = Committed effective dose per unit intake for inhalation (Sv Bq'")1?
Dust = Concentration of airborne dust (g m™)
(=110 g m'3)7
S = Probability of exposure occurring in a year
(=1102%yh
DECAY = Fraction of radionuclide remaining after 24 hours of radicactve decay

(daughters not considered)

For the second case, which is not an accidental exposure, the committed effective dose is
given by:

E = Cp T INH R, Dust

where: E = Commitied effective dose (Sv y™!)
Cp = Diluted activity concentration (Bq g™*)
T = Exposure time (h) if contamination occurs
=510°h)
INH = Breathing rate (m3 h'l)
(= 1 m3 nHl!
Ry = Committed effective dose per unit intake for inhalation (Sv Bq'l)12
Dust = Concentration of airborne dust (g m™)

(=210 g m™ (1ypical outside dust level))
The diluted activity concentration is calculaied from the source activity in the following

manner:
Cp = ADECAY
M
where: A = Source activity (1 Bq)
M = Mass of soil in which source is diluted
(=110°g)
DECAY = Fraction of radionuclide remaining after 24 hours of radioactive decay

(daughters are not considered)

B3.3  External exposure to skin from handling object from a landfill site

It 1s assumed that a person walking over the landfill site may find an object which may be
of interest and pick it up (assumed to be 3 10! g for a radioactively contaminated object). The
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person is then assumed to hold the object or place it in his or her pocket for 8 hours. It is assumed
that the source will only be in contact with the palm of the hand or be shielded by clothing and
hence a skin thickness of 400 um is assumed for dose calculations. The doses are calculated using
a similar methodology to section B1.2 assuming a dispersable solid source 0.3 cm thick to represent
radionuclides from all source forms (except gases). The sources are assumed to have been disposed
of in this form, or become mixed with waste of similar properties (eg liquids contaminating soil or
other waste objects).

The average annual skin equivalent dose resulting from skin contamination from a
radioactive object found on a landfill site is given by:

H

As T(RAR,9 s

skin

where: Hg, = Average annual skin equivalent dose (Sv y'l)

As = Activity per unit area (Bq cm?) if contamination occurs
T = Exposure time (h) if contamination occurs
(=8h)
R, = Skin equivalent dose rate to the basal layer of skin epidermis for

gamma irradiation
(7 mg cem?)T (Sv h! per Bq cm'z)3

R,, = Skin equivalent dose rate to the basal layer of skin epidermis for beta irradiation -
(40 mg cm2) (Sv hl per Bq cm'z)2

S = Probability of exposure occurring in a year
(=1107y™

The activity per unit area, As, is calculated from the activity using the following method:

s=__ " ___ DECAY
CONTACT
where;: A = Activity of source (1 Bq)
DECAY = Fraction of radionuclide remaining after 24 hours decay
(see section B3.2)
CONTACT = Area of skin in contact with source (cmz)

CONTACT is calculated by dividing the mass of the source by the mass per unit area, assumiﬁg the
two halves of the source are in contact with the skin.

CONTACT = _M - %ﬁ

t
)

T Assume density of skin is approximately eguivalent to that of water, (1 g cm3).
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where: M = Mass of source (g)
(= 310" g for dispersable solids)

Density of source (g cm™)

p =

(= 1.12 g ecm™)*
L = Half thickness of source (cm)
2 (= 1.5 10" cm)

The effective dose from external radiation from a source is-given by:

E-H v CONTACT
~ sk Mskn —BODY

where: E = Effective dose (Sv y'l)
Wgan = Tissue weighting factor for skin = 1 10_25
BODY = Total skin area = 1 10% cm?

B3.4 Ingestion of an object from a landfill site

A member of the public is assumed to be walking over a landfill site and finds a
radioactive source or an object contaminated with radioactivity which has seeped from a source.
The individual is then assumed to inadverienty ingest a small fraction, 0.1%, of the source. This
scenario also represents the case of a child accidentally swallowing a contaminated object,

The average annual committed effective dose for ingestion of an object found on a landfill
site 1s given by:

For unit activity: E = A Ry f DECAY

where: E = Average annual committed effective dose (Sv y!)
A = Activity of source (1 Bq)
Ry = Committed effective dose per unit intake for ingestion (Sv Bq'l)12
f = Fraction of source ingested
(=1107
DECAY = Fraction of parent radionuciide remaining after 24 hours of radioactive decay
(daughters are not considered).
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APPENDIX B

Radionuclide dependent data

This Appendix gives details of the radionuclide dependent data used in the formulae
described in Appendix a to calculate doses in the main study.
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TABLE Bt RADIONUCLIDE DEPENDENT DATA

RUCUGE  WASTE FOPM mm FETT) 2.5 1=7 ) s dE)] TR ToR (d) 2114) FAS(SE [R5 (8 B VORI e oy
MEAN ENERGY | MEAN ENERGY | GAMMA & BETA GAMMA BETA BETA INGEST INHALATION | POINT SOURCE | POINT SOURCE | OF LiouiDs
PEADISINTN | PERDISINTN | SEMIINFINITE SKIN SKIN SKIN DPUHICAPED | DPUIICRPE0 |GAMMA BETA FRAC OF
GAMMA BETA PLANE DOSE Mngiem2 | DOSE dmgiom2 | DOSE 40mgrom2|  (max) SvBq | (max) SvBq Svh psr Bq SvhpeBq  |INvENTORY
MEV MEV Bwh per Bym2 | Svh par Bafem2] Svh par Baiom2 | Swh per Bgom2

H3 LQUID 0.00E+00 5 68603 0.00€+00 0.00E .00 0 00E +00 0 00E+00 1.80€-11 1 80E-11 000E +00 0.00E400 1.00E+00
Ha S0UD
H3 GAS VAPOUR
Ha FOIL

Be-7 30LD 4 4E-02] 3.9006-08 1.30€-13 2 neeooj 0.00E+00 0.00€ +00 3.30E-11 8 506-11 4E-15 0 00E+00

c1 LQUID 0.00E+00 4956 R 0.00€ +00 0.00€ +00 9.026.07 0 00E 400 5.80€-10 5 60E-10 0.00E +00 0 00E+00 1 DOE +00
c-14 SouD

c-14 GAS VAPOUR

[o 8 1] GAS VAPOUR 1.G2E+00 7.34E-01 360E-12 5 00F -08] 1] 1.00E-13 2O04E-14

F-18 uouIDs 1 (RE+00 2 S0E-01 3.20E-12 % 90F -08) 283606 5 25E-07 4 70E-11 240611 1 02€-13 1 00E-15

F-18 SouDS

Ne22 uouIDs 2.10E400 1.94E-01 854E-12 1.20€-07] 2.40E-08 AT7EO7 300609 2 00E-09 242613 IS2E-18

Ne 22 SoUDs
Ne- M uouDs 4126400 5 5301 113611 1.80€ -07] 277EQ6 885E-07 420E-10 3.20E-10 412613 221E-14
- &1 uouwDs u,aseoaJ 5 95E-01 246E13 5 3F-11 298E06 9 52€-07 1.30E-10 5 00E-11 866E-17 238E.14
B K] 30UDS
P2 uouns 0.00E+00 8.056-01 2.4E-13 0 00E +00 2.74E08 1 20€-06 280€-09 4.30E-09 0 00E +00 2.70€-14
P-X soUDs
PV uouDs 0.00E+00 768602 0.00€+00 0.00€:00 1.80E-06 285609 2.50€-10 5.00E-10 000€+00 7.68E-10
"P3U 80LI08
3% uounos 0.00E+00 488602 0.00€+00 0 00E +00 9.026-07 0.00E+00 3.00E-10 8.80E-10 000 +00 0.00E.+00 1.00E-00
3% s0LI0S
[eX ] uouns 1 526-04! 2.74€-01 255€-14 1.10E-11 251E06 5 30607 8.40E-10 8 00E-00 173617 21E15 1 00E +00
CH8 s0UID3
‘CH8 LowDs 1.49€+00 1 53E.400 458E-12 e.oasoq 7.65€-08 245606 1.20€-10 420611 1.40€-13 8.12€-14 1 00E +00
e X" s0UDs
~a7 GAS VAPOUR 227E04 1.97E-03 272617 1.96E-11 0.00E +00 0.00€ 400 22717 0.00€.+00
A4t GAS VAPOUR 1206400 4 B4E0 ATSE-12 7.88€ 0.00€+00 0.00€.:00 128613 1.88E-14
‘K40 S0U0 1 56E-01 5201 8.00E-13 8.00E 2.40€06 9.50€-07 S 00E-09 3.30E-09| 1 56E-14 212614
K-&2 80U0s 2 78E-01 1.43€.400 125612 1 40E 7 15€-08 2.20E-08 4.00E-10 380610 276E-14 5 T2E-14
‘K43 LouIDs 9.60-01 30001 IANEA2 5 80E 08 230608 8.18E-07 2.0E-10 1.90F-10 969614 12414
K43 80U0s
Cadl 80U0S O,KOT 1.7XE0R 7.24€-22 210E-13] 1 60E-08 J65E-09 8.00€-10 1 .80E 08 B828F-21 0 00E +00
Cod7 uouos 1.06E +.00 JASEO1 3.09E-12 5 50E-08] 2 30608 6 OE-O7 220609 1 90E-00 1 08E-13 1 38€.14

s0UD3

8048 uouos 209E+00 112601 8.05E-12 1 21E-07] 1.94E08 828608 2.00E-09 800E-09 201E-13 1 00€-17

Sc46 S0UDS

*So47 uouos 1.08€-01 1.62601 I4E13 S S0E 09 1&2£08 324E07 8.80E-10 6.00E-10 1.08€-14 162€-18

*Sc-47 [0S

“So-48 uQuDs J.3E 00 22001 DATE-12 1 88E 07} 2 J0E-08 4 S8E-07 2.10E-09 120609 335E-13 2.2€-16

“Sc-48 [0S
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TABLE B1 RADIONUCLIDE DEPENDENT DATA

[RUCTE WASTE FOTM BTN B ;) aed )} 222 )) TS s 1 moesH R AT TS ]
MEAN ENEAGY | MEAN ENERGY | GAMMA A BETA GAMMA BETA BETA INGESTION [INHALATION POINT SOURCE {POINT SOURCE |OF UQUIDS
PER (XSINTN PERDISINTN SEMLINFINITE SKIN SKIN SKIN DPUIICRPSO |  DPUI ICRPE0 | GAMMA BETA FRAC OF
GAMMA BETA PLANE DOSE Mngiom2 | DOSE 4mg/em2 | DOSE 40mgiom2 {max) SvBq (max) SvBq Svh per Bq Svh per Bq INVENTORY
MEV MEV Svh pet Bym2 | 9vh per Bygom2| Svh par Bgam2 | Swh per Bgom2
V48 UOUDs 9.54E-01 8.00E-0 8 66E-12 5068 4 00E-08 128€-06 2 60€-00 29009 9 OdE-14 INE-H4
v-48 SOLIDS
i1 uouDs 3.18E.02] 386600 1.07E-13 1 S0E 0.00€+00 0 00E+00 5.30E-11 9.80E-11 ISTE15 0 00E .00
Cr-51 S0UDS
‘Mn-S1U (8o Vlas:] 9.04E-01 9 ME-O1 206E-12 5.06E 4 687E08 1 A9E-06 7.10E-11 250611 9 O4E-14 374E-14
‘Mn-S1U SOLI0S
“Mh-52 uoUns 3 ME.00 74602 1.03€E-11 1 9OE-07 7 48E-07 1.49€-07 2.10E-00 1.60E-09 3UE-13 T.A8E-19
‘Mn52  SOUDS
*MN-53m LouIps 2 41E+00 1138400 7.54E-12 1.30E-07] 5 65€-08 1.81E-08 7.00E-11 200E-11 241E13 4 52E-14
“Mn-52m S0U0s
“M-53U uouns 1.30€-03 40MEX 546E-18 BE-1 0 00E +00 0.00€E +00 2 %0E-11 1.25€-1Q 1.39€-168 0 O0E .00
‘MR-S3U S0UDS
M54 LouiDs 8.36£01 42EQ 28312 €106 000¢.00 0.00€ 400 7.30E-10 1.706-00 B.3BE14 0.00€ +00
Mn 58 Uouips 1 80€..00 8.20E-01 53E12 101E 41508 1.33606 2.30E-10 9.80E-11 1.60€:13 IWE-1L
M58 SOLIDS
Fo52 uounDs 7.40E-00 19301 248E-12 444 1 93E-06 J3.86E-07 1.50€-09 3.20E-00 7.40E-14 1 O0E-17
Fe55 FORL 0.00E +00 4 20E-03 7.8%E-18 1.80E 0 00E +00 0.00E+00 4.00E-10 8.40E-10 1.51E-18 0 00E +00
Fo-50 uouDs 119400 147E-01 J44E-12 8.20E 147606 1.07E-07 3.10E-00 3.80E-09| 120€-13 5 ASE-17
“Co-58U uouDs 1.90€ .00 4 20E-01 S97E-12 1.19E 2.306-08 8.58E-07 1.25€-00 5.00E-10 1.09€-13 1.72€-14
“Co-55 SOUDS
Co58 pouios 3 56E +00 1.24E-01 1.03€-11 1.7@:071 124E-08 2 43E-07 250€-08 1 00E-08 3 58E-13! 1.00€-17
Co 57 uauos 1.28E-01 1 B8E-02 4.47E13 4.00E 1.10E-0? 0.00E +00 350€-09 280E-00 1.25€-14 0 O0F +00
CoS7 [0UDs
Co™ UOUDS 975601 INER 308612 7.00E 4NEQY 502F-08 6.00E-00 € TOE-08 1.10€-13 184617
Co 58 SOUDS
*Co-58m uouIes 2.02E-0) 220602 123615 1 50€-08 228F 07 0.00E+00 4.B0E-11 330E-11 2 02€-18 0 O0E +00
*Co-58m souns
Co80 uoum 2 50E .00 DESE02 710612 1.30E-07 183608 285E-08 0.20€-08 ¢ 90F 08 27E13 208€-17
Co-80 CAPSILE
*Co-80m uou € 38E-0 S.78E-0R 1.88E-14 7 OCE 084 3 78E-07 1.20€07 2.00E-12 6.80E-13 6 B8E-18 5 T8E-19
Co-80m SOLIDS
*Co-81U uQum 9 08E-02] 4 62F 01 4.88E-13 S A4E 2.30E08 02407 710E-11 2 50€-11 9 08E-15 1 8SE-14
“Co-81U SOUDS
‘Co&mlJ  UQUID 2.TOE+00 1.08€+00 B8.10E-12 1.35E 07} S525E-08 1.88E-08 5.00E-11 8.30E-12 2 70E-13 4.20€-14
‘Co&2ml) SOUDS
“N-50 uQuUID 241E 45SE03 1.44E15 1 45E-104 0 00E .00 0.00E+00 8 B0E-11 7.30E-10 2.41E-18 0 00 +00
‘59 0LIDS
NHEI Fon. 0 QOE+00 1LTMER 0.00E +00 0 00€+00 1 83E-08 0.00E +00 1 Q0E-10 1.70E-00 0 00E+00 0 00E: 00
N85 vy 5.496-01 ¢ E0 178612 3 206 08 318E-08 101€08 1.50€-10 920611 5 49F-14 253E 1¢
‘N-85 SOLIDS
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TABLE B1 RADIONUCLIDE DEPENDENT DATA

[NOCODE . WASTE FORM =t{)) — 1B 21 dk]) B0 AR TWEE | moes IRnm 20 %) VAT 1775 350
MEAN ENERGY | MEAN ENERGY | GAMMA & BETA GAMMA BETA BETA INGESTION [INHALATION POINT SOURCE | POINT SOURCE |OF UQUIDS
PERDISINTN PER DISINTN SEMIINFINITE SKIN SKIN SKIN OPUIICRPE0 | DPUI ICRPSO | GAMMA BETA FRAC OF
GAMMA BETA PLANE DOSE Mmgiem2 | DOSE dmgiam2 | DOSE 40mgiem2]  {max) SwBq {max) Sv/Bq Svh per Bq SvhpeBq |INVENTORY
MEV MEV Svhpe Bym2 | Svh per Bgom2] Svh per Beom2 | Svh par B/am2
Cu-84 UQUIDS 1 HEO 1220 813E-1) 1 90E-08} 1.23E-06 248E-07 1 40E-10 8 0CE-11 1 91E-14 1.00€-17
Cu-64 s0LDS
n85 UQuIDs 581E01 6 8TE-O3 1.1ME-12 5.00E-08] 377E-08 1.14E00 3.80€-00 5.30E-09 581E-14 0.00€ +00
n-65 SOLIDS
80 UQuUIDs e.ooemL 32EQ1 713E-14 I 60E-13 2 30E-06 8.42€07 3.00E-11 §.10E-11 & 00E-19 1 28E-14
‘Zn69 SOUpsS
In-89m uoubs 4.16E01 22¥ @ 1.37E-12 2 S0E-08] 223E07 4 AGE-08 4 20E-10 2 40E-10] 4 16€-14 0.00€ +00
Ge-72 vouDs | 2 88E .00 4.95E-01 8.00E-12 1. ME-07 2 J0E-06 9.90E07 1.30€-09| 530E-10 268E-13 196E.14
Ge-72 S0oUDs
‘Ge-M uoLos 418804 4 05E-03 4 04E-15 251E-108 0.00E +00 0.00E+00 270E-12 3.30E-11 4 18E-16 0 00E 400
‘Ge-T\ SOUDS
‘Ae-T3 vauios 1.61E-0Q] 8 OJE-02, 315€-14 9.66€-10} 803607 121E-07 260€-10 9.60E-10 181E-15 803E-19
‘As-T3 sSouUns
As-74 UQuiDg 7.58E-01 2 8801 2.54E-12 4.556-08] 2.30E-08 536E-07 1 .40E-09 2 20E-09 7.58E-14 1 00E-15
As-T4 8|0UDs
‘As-T8 poubs 427E01 1.08E +00 1.74E-12 7.006-08) 5.30€-08 1.70E-08 1.90E-00 1.10E-00 427614 424E-14
“As-76 SOUDS
M. %¢4 voues B.YTE(!J 2.28E-01 483614 5 28€-10% 2.30E-08 4.56E-07 4 80E-10 3.20E-10; 8.77E-16 228E-16
“As-T7 s0ouUns
Se-75 uouDs 3 B8E-01 1 ME02 1.35E-12 tzoeuﬁ 171E07 3JE00 2.10€-09 200E-09 3 B8E-14 0 Q0E 100
Se-T5 S0UDS
Br-&2 uouos 2.63E400 1.386-01 812€-12 1.50€-07] 1.38E-08 2.76E07 4.80E-10 410E-10 263E-13 1.00E-17
B-82 SOUDsS
*g-74 GAS VAPOUR 1.15E:00 7.85€-01 3.45€-12 0.00E+00 0.00E .00 7.85E-18
*K-78 GAS VAPOUR A4 31E0t 1 S0E-02 120E-12 0 00E+00 0.00€ +00
W77 GAS VAPOUR 1.01E400 8.37E-01 300€-12 0.00£+00 0.00E +00
1G-79 GAS VAPOUR 256E01 242E-02 8.30€-13 0.00&4+00 0.00€E +00
*Kr-81 QAS VAPOUR 1.18E-02] 51309, 4.30€-14 0.00E400 0.00€+00
- r-83m GAS VAPOUR zuej 387E02 3B4E-15 0.00E +00 0 00E +00
Kr-85 GAS VAPOUR 212 2.50E-01 384E-14 0.00E4+00 0.00€ ,00 1.00E-15
“K-85m GAS VAPOUR 1.58€-01 25501 8.04E-13 0.00E .00 0 00E +00
‘87 GAS VAPOLR 7 90E-01 1.32E4+00 277E12 0.00€+00 0.00E +00
“Kr-68 GAS VAPOUR 1 &2¥ 100 IBIEO1 5.60€-12 0.00E4+00 0.00E +00
b8 UouDs 9.45E- 8.68E-01 557€-13 510 283E-08 1.14E-08 2 S0E-00 1 70609 9 ASE-1S 28&7E-14
-8B [|oUos
*Sr-80.1 UOURDs 1.25€.00 201E400 3.75E-12 7.50E 1.01E05 322608 1.25€-12 8 30E-13 125€-13 B 04E-14
~ 9r-80+4 /08
* -8ty uauns 1.38E4+00 90801 4 4E-12 828F 4 98E-08 1.50€-08 5 80E-11 1.70E-11 1 38€-13 IMBE-14
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TABLE B1 RADIONUCLIDE DEPENDENT DATA

[UCOE WASTE rOrd BT () 175 N S . 1 ) R7(3) 2] ) : 1T I =TT ]
MEAN ENERGY | MEAN ENERGY | GAMMA 8 BETA GAMMA BETA BETA INGESTION |INHALATION | POINT SOURCE | POINT SOURCE | oF OUIDS
PERDISINTN | PERDISINTN | SEMHNFINITE SKIN SKIN SKIN DPUNICAPE0 | DPUIICRPS0 | GAMMA BETA FRAC OF
GAMMA BETA PLANE DOSE 7mgiom2 | DOSE dmgiom2 | DOSE 40mgrem2|  (max) SvBq | (max) Sv/Bq Svh per Bq SvhpmBq  |INVENTORY
MEV MEV Swh per Bgn2 | Svh per Bgom2] Svh per Baiom2 | Svh per By/an2
‘or81y  S0UDS
‘943  Louos 7.79€-01 1.49€ 01 2.34E-12 4 emooJ 1 49606 2.98E-07 8 30E-10 5 00E-10 7 79€E-14 1 00E-17
‘>83)  S0UDS
385 LoUDS 5A1EO 89TEQ 1.66E-12 4706 08) 1.71€-08 8.33E-09 .30€-10 1.306-09 S11E-14 0 00E+00
Sr-85 8s0UDS
H-85m Uauns 219801 1,226 02| 740613 1.31E-08) 1.22€-07 244E08 5.80E-12 220612 2.19€-14 0 00E +00
& -8 Uouns 3 20€-01 869E-02 1.056-12 1 92€-08) 660607 1 34E07 3.00E-11 1.10E-11 320E-14 1 00E-17
080 UQUIDS 84505 5 83E-01 24313 470612 283606 1.12€-08 3.80E-00 1.206-08 960£-18 2 20E-14
Sr-89 S0U0S
&0+ UauIDs 1.60£-08] 1.13E.00 385613 24012 514E-06 1.78£-08 2.80€-08 350607 J0SE-10 INE-14
.90+ souDs
%90+ FOIL.
"Sr-91 uowos 8.90E-01 855601 236E12 416F 283E08 1.08E-08 0.10E-10 4.70E-10 6.93E-14 262614
‘Sr-91 [0U0S
‘902 LowDs 1.34E.:00 1 96E-01 3 75E-12 804€ 1 D6E-08 302607 5 10E-10 210E-10 1.3ME-13 7B4E1S
o2 s0U0S
v-00 Uatos 1 ooeoq 9.35€-01 IB3E-13 240E-12] 274E-08 1.376-08 420600 2 80E-00 1.60€-10 A74E-14
v-90 90UDs
RZ ] LIS wsooJ 8.02E-01 28313 1.90E-10] 28306 1.13608 4.00E-00 140608 361E-18 241€-14
91 soUDS
“Y-9im Uouos 5.30€-01 2TE0R 172612 3 mznau 27307 0.00E+00 1.20€-11 230609 530614 0 00E100
“Y-91m [0U0S
v-92 uouDs 251E01 1 44€ 400 125612 '.s‘eosJ 7 20€-06 2.306-08 470610 2.10E-10 251E-14 5 78€.14
“v-02 BOUDS
‘Y93 Uauos 8 80E-02] 117€+00 7.10E-13 S&E-OT 5 85E-08 1.A7E-08 1.40E-00 820E-10 8B9E15 4 6OE-14
‘Y93 souDs
‘88 UOUOS 28801 A01E0R 985€-13 1,r:£oad A01E07 0 00E +00 1.00€-00 5 S5E-10 288E-14 000,00
‘88U 90UDS
88U UOUDS A0ED 182602 120612 241E-08) 1 62507 0.00€400 5 00€-10 8.306-0% 402614 0 00E 00
‘88U SOUDS
‘28U  UOWOS 1.18€:00 1 01E-01 3I85E-12 naeaJ 1 01E-06 2.02€-07 830€-10 5 60E-10 1.18€-12 1 00E-17
‘28U SOUDS
243+  UouDs 101E 48ER 3.30€-15 1156108 480E07 0 00 +00 121600 S 00 08 1 91E-18 0 00E :00
T, S0U0S
295 uowos 7.30€-01 1.10€-01 2ME12 qumJ 1 94€-06 8.45€-08 1.306-00 420609 7TRE14 1 00E-17
245 soUDS
‘297« UOUIDS 831E0! 8 90E-01 3126912 490¢ 3 50€-08 1.12E08 288E-00 12600 831E-14 280€.14
D97+ [¢U08
*NO-88LJ UOtos 4126400 1 23€+00 1 24€-11 2 O8F 07 € 15608 1.97E-08 2 50€-11 8 XE-12 412613 490F 14
" N8 30UNs
“Nb-80(08)U LOthDS 1 w€.00 8 JEO S 78E-12 1 1SEQ7] 4 16E08 1.336-08 128E-10 3 00E-11 1 92€-13 JXEIC
*No-8681U 30UD3




TABLE B1 RADIONUCLIDE DEPENDENT DATA

ROTODE WASTE FOT L:1RE)) =) TIN5 =rd ) I A3 R3(55) CTGE I Lakk 2] TS0 () VOATTOTY (753850
MEAN ENERGY | MEAN ENERGY | GAMMA 8 BETA GAMMA BETA BETA INGESTION | INHALATION POINT SOURCE | POINT SOURCE | OF LOUIDs
PERDISINTN PERDISINTN SEM-INFINITE SKIN SKIN SKIN DPUIICRPED DPUI ICRP60 | GAMMA BETA FRAC OF
GAMMA BETA PLANE DOSE 7mgiom2 | DOSE 4mg/iom?2 | DOSE 40mgrem2|  (max) SwBg {max) Sv/Bq Svh pa Bq whpeBq |INvENTORY
MEV MEV Svhper Bgn2 | Svh per Bgiom2| Svh per Bgom2 | Swh per Bg/an2
*Np-80(122ULJQUIDS 1.37E4+00 1 {1E+00 411E-12 8.22F 08, 5.55E-06 1.78E-08 2 50€-10 8.30E-11 1 37€-13 4 A4E-14
Nb-89(122US0UDS
" Np-9QU uQuUos 4 20E +00 4.02E-01 1.22E-1 2 10E07] 2 30E-06 8.04E07 1.30E-09 580E-10 4 20E-13 181E-14
‘NROOU  SOUDS
" Nb-&m uQuUos 1 M1E-03| 2/E02 JXE-15 1156104 0 O0E 400 0.00€ +00 210E-10 7.90E-09 19tE-18 0.00€ +00
‘Npfm  SOUDS
“Nb-4 uoUms 1 .57€+00 1 88E O 497E-12 9.42€-08] 217E-08 183807 2.30E00 110E07 1.57E-13 1 00E-17
“Nb-4 souns
‘NbsmU LUOUDS 8.83E-02] 1.66E-01 226E-13 4.10E-09 217606 1 83607 6.25E-10 8.25E-10 6 83E-15 1 00E-17
‘Nb-95mU SOUDS
NbG5 uouos 7.66E-01 44ER 242612 4.306-08)] 73E07 2.05E-09 7 70E-10 1.60E-09 7.86E-14 0.00€ 400
Nb 65 sSouUDns
NS Loups 2.74E .00 251E-01 7.68E-12 1.37E-07] 2 30E-06 5.02€E07 125609 560E-10 2.74E-13 1 OOE-15
*Mb-96U SOUDS
‘No-97 Uoups 6.52€-01 ASTE-OM 220E-12 391E-08] 2 863E-08 968207 8 40E-11 2.30E-11 8 52€-14 187E-14
‘No-97 SOUDS
“ND-O8 vaouos 2 43€.00 8.84E-01 T29€E-12 1 48E 07} 4 42606 1 41E-08 1.10€-10 I I0E-11 7 66E-14 IS4E-14
"Nb-98 S0LDS
*Mo-90 uauUns 8.26E-01 2.0E-01 248E-12 4 .96 -08] 2 30E-08 4.068E-07 7.60E-10 35CE-10 8 26E-14 1.00E-15
*Mo-90 sSouUDs
* Mo-93 uauUtos 1.07E-02] 5.54€-00 1.80E-14 8 42X 10 0 OCE 00 0.00€ +00 260E-10 35CE-10 1.07E-1S 0 00E +00
“Mo-03 SouDs
“Mo-9amU  UQUIDS 2.25€.,00 9 65E-0R2 8.75E-12 113 07] 9.85€-07 1.906-07 280€-10 1.00E-10 225E-13 1.00E-17
“Mo-8dmU  SOUDS
Mo-90 Joums 1 SO0E-O1 3AME-O1 S28E-13 li(EO# 2.83E-08 A EQ7 1 90E-00 1.30E-09 1.50€-14 1 56E-14
Mo-90 SouUns
“Mo-101 LQDs 1.32€.4+00 58301 4 82E-12 7.9 -08] 202€-06 933607 4 30E-11 1.30E-114 1.:9!5-13“ 23014
*Mo-101 SouUns
“Tods LQDs 2 40 .00 8.75E03 7.84E-12 1.40€-07] 875608 0.00€ 400 8.80E-10 8 9CE-10 2 49€-13 0 00E +00
Toos SOLIDS .
“Tod&m uouns 5.11E-021 27XF ;R 1.38E-13 3.07E-0% 2772207 0.00€+00 1 00E-11 8.80E-12 511E-1% 0 00E +00
“Tod&m soUDs
“Too7 UouDs 1.14E-02 S57E-0Q 209E-14 8.84E-10) S57E08 0.00€ +00 7.30€E-11 2 8CE-10 1 14E-1Y| 0 00E+00
To®? sSoUDs
“TodTm UQuios 9 50E-03 888E-02 1.80€-14 5. 75108 8.88E-07 1.74E-07 5.70E-10 1.S0E-09 P S0E-18 1.00€-17
“To9™m S0uUDs
‘Tooo uouns 0.00€.+00 1.01E01 1.95€-18 0.00€+00 1.60E-08 137608 8.70E-10 2 40E-09 0.00€ +00 1.00E-17
“To® S|oUns .
To00m vouDs 1 28E-01 182602 481E-12 7.70E-0 3ANEQ7 0 00E+00 2.10E-11 110€-11 128€-14 0 O0E +00
To-00m S0LI0s
“RHI7 uouUIDs 2.30€-01 1 3ER BO08E-{3 143 1 3307 0.00€. - - .
. +00 2.00E-10 1.30E-10 230€.14 0 O0F 400




]

TABLE B1 RADIONUCLIDE DEPENDENT DATA

[RUCOIDE . WASTE PO :1RL FE(T) 2.4, 1T ) = rd k] LTI L) Lt T R 2 T L= 1T L= R A M A %\
MEAN ENERQY § MEAN ENERGY | GAMMA & BETA GAMMA BETA BETA INGESTION [ INHALATION POINT SOURCE | POINT SOURCE | OF UQUIDS
PERDISINTN PERDISINTN SEM-INFINITE SKIN SKIN SKIN DPULICAPED | DPUIICRPE0 JGAMMA BETA FRAC OF
GAMMA BETA PLANE DOSE Mmgian2 § DOSE 4mgiom?2 | DOSE 4(mglam2 {max) SwBq {max) Sv/Bq Svh pet Bq Svh per Bq INVENTORY
MEV MEY Svhper Bgm2 | Svhper Baiom2l Svh per Baiom2 | Swh pes Brom2
Au-103 (U000 4 &E-01 TAE-R 1.58E-12 270E 1.26€-08 240E-08 1.10E-00 1.90E-08 4 60€-14 1 00E-17
‘R-105 pouns 7.7SE0t 3.97E-01 264E-12 465 283E-08 8B8EO7 290€-10 1 30E-10; 7.75E-14 150€-14
‘RLI06  SOLIDS
Ru-1 08+ 8OUDS 2.00E-01 1 41€.00 1.18E-12 120€ 2 85E-08 1 BOE-08 1.10€E-08 1 30E-07 2 26E-14 982E 14
AR08+  LIOUIDS
‘Ph103m  LIOUIDS nssacﬁ 3 806 02 369E-15 1 60E 0.00E+00 0.00€+00 370E-12 1.406-12 1.75E-18 0 00E .00
‘Ah-103m  80UDS OJ
‘A108  LOUIDS 7.76€-02] 1.53€-01 284E-13 4606 205608 2 40E-07 % 40E-10 310E-10 7.T6E-15 1 0OE-17
‘A105  SOUDS
‘Pe-10d UOUOS 1 ASE-02] 5.87E-00 AZTE-14 8.70E-10) 0 00E+00 0.00E+00 3.10E-10 4 T0E-10 1.45E-15 0 00E +00
‘Pd-103 30UDS
‘Pd-109 uQuUiDs mmm’ 4 37€-01 1.036-13 7 0ZE-10 2.30€-08 8 HEO? 7 20E-10 J30E-10 11TEAS 1 75E14
‘Pd-100 SOUDS
‘Ag-105 uQuos 5 2301 1 80E-CR 15712 LRY 3 1 8E-O7 0.00E +00 S B0E-10 1 20E09 523E-14 0 00E +00
‘Ag105  SOUIDS
‘Ag-108m+  LIQUIDS 1 B2€ .00 7.00E-02 S2E-12 1.00E-07 276607 1.15€-07 210600 7ACE-08 1.62€-13 1.00E-17
‘Ag-108ms  SOUDS
Ag-110m LouUIns 2.74E.00 TV¥EO02 B37E-12 1 S0E 07 7 88607 8.22€-08 J00E-09 2.10E-08 2 TAE-13 1 00E-17
Ag110n  S0OUDS
Ag-it pounDs Zﬁlﬁ ISE-OF 1 82€-13 |.5(EODJ 2.30E-08 7.08E-07 2.00E-00 1.00E-09 28315 1 42E-14
Ag111 SOU0S
Ca109 FOIL 3.18€-09 827E 02 306E-14 1.706 ©,00€.+00 0.00E.+00 2.20€-00 160608 S 85€-15 0.00€:00
“Cd-11% UQus 2.3€-01 J.02E-0V T.35E-13 1.30E 2.30E-08 8.04E-07 210E09 1.40E-09 230¢-14 121E-14
‘cd-115  8OU0S
“C4-115m  UJOWRDS 2.19E-02] 6. 08E-01 J18E-13 13E 263608 1.13E-08 4 80E-00 1.20E-08 2 10615 242€E-94
‘Cé-115m  S0U08
n-141 Louros 3.88E-01 I LE-0R 1.38€-12 3 408 4 80€-07 1 26E-08 J90E-10 2 WE-10 484E-14 0 OOE +00
NN SOLIDS
h-1{3m UQUos 25TE0 1.34-01 B852F-13 1 80E 9.50E-07 4 00E-07 260E-11 110E-11 287614 100€E-17
n113m  80UDS
‘n114m  DOUDS 9.42F02 1 42601 A07E12 585 1 42€-08 284607 B40EDR 1 90E-08 9 42E15 1.00E-17
‘n-114m |0LIDS
‘in115m ULROS 1 81E0O1 17X 0 BA4E-12 9 86E 09 1.728-08 3.44E07 8 80E-11 J 40E-11 161E-14 1.00E-47
‘in-115m S0OLDS
‘n-143 LOU0s 22&4021 8 3E0 481E-14 1 20€ -08{ 0 OOE +00 0.00E+00 1.206-0 3 00E-09 228E-1% 0 OOE +00
*3n-113 SOU0S
125 UQUIDS 3 EO1 8 10E 01 12342 1 8TE 088 4 05E-06 1.30E-06 % O0E-09 4 80E 09 INE-14 324E-14
Tan-12% [0UDs
1 UoUos 4 &0E-N S 8EO) 1.84E-12 2684 282€08 0 02E07 2.80E-00 1 TOE-0% 4 A0E-14 226E14
9122 CAPSULE
Sb-124 pouns 1 80E +00 I SE-O S82€-12 9 508 2 40E-08 8 28£.07 3 80E00 S 106 08 1 B0E-13 1 S4E-14
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TABLE B1 RADIONUCLIDE DEPENDENT DATA

RUSUE. . WASTE PO :ixil) -1k T =14 k)] B 22 ] 25T LY TG T8 - T
MEAN ENERGY | MEAN ENERGY | GAMMA & BETA GAMMA BETA BETA INGESTION [INHALATION POINT SOURCE | POINT SOURCE | OF LIOUIDS
PERDISINTN PERDISINTN SEM-NFINITE SKIN SKIN SKIN DPUI ICRPED DPUI ICRPE0 | GAMMA BETA FRAC OF
GAMMA BETA PLANE DOSE Mmgiom2 | DOSE amgim2 | DOSE 40mgiam2|  (mex) SvBq {mex) Sv/Bq v pm Bq SvhpeBq | nvEnTORY
MEV MEV Swhper Bgm2 | Svh per Bafom2| Svh per Bgom2 | Svh per By/om2
3b-124 SOUDs
W18 uanos A1TEOL 99300 1.38€-12 3.1({-085 1 .37€-06 8 45€E-08 9.80E-10 3 40E09 417€E-14 " 1{00E-17
SH12% sSouns
‘Te-118U uoups 7 30600 520602 2.19€-13 4 .35 09 187E-10 8.25E-11
‘Tet16U  SOUDS
Te-121U UQUIDS STTEO1 9.95E-0a 182612 3.46E % 00E-10 £.00E-10
‘Tet21U 80LI08
“Te12imU LQUIDS 2.18€.01 79560 7ASE13 1.30€ 2.50€.00 710600 1.00€-17
“Te12imU SOUDS
‘Te123U UOUDs 1.065& 8 3301 2. 28E-14 1.19€ 250€E09 7T 10E-09 0 00E 400
‘Te 123U sSouUDs
‘Te123m uauDs 1.48E-01 9.92F 02 S 08E-13 1 206 2 28E06 0.00E +00 1 20E00 2.50E-00 1 4BE-14 1.00E-17
‘Tet23m  SOLIDS
‘Te12Sm  LOUIDS 142802 82tE02 8 65E-14 1 80E 08 297E08 0.00E +00 9 50€-10 1.80E-00 1 12€-1% 1.00E-17
“Te125m SOUDS
Te1Z7  LOUDS 486209 223601 345614 2 90E-10} 2.40E.08 457E07 2.10E-10 9 10E-11 486E-16 1.00€-15
‘TetZ? 80UDs
“Te1ZMm uoDs 1.12E<EL 8 21E-02 219€-14 GTE-NJ 1 83606 107608 2 40E-00 $.70€-09 1.12E-15 1.00E-17
‘TetZfm  SOUDS
Te1 D (800, 0] S 91E-O2] 5 42E01 k1. Bk] 3.5&091 263608 1.04E08 6.00E-11 2.50E-1% 5Q1E45 217E-14
‘Te120  SOUDS
‘Te120m  UOUDS 375602} 280601 202613 zaeooH 283E06 400E07 390600 680509 ITSEAS 1.00€-15
“Te120m SOUOS
TN Uuouos 4.15€-01 71501 1 84E-12 2 40E 320E-06 1 14E-08 9.00E-11 4 30E-11 4 15E-14 2 88E-14
“To-131 8OUOS
Teldim UOWOS 1.37E+00 1 95€E-01 4 42€6-12 822¢ 251E-08 1 O4E07 J40E-0Q 2 40E-09 137E-13 1.00€-17
“Te13im SOUDS
Te-tR LIOUDS 2.30e-01 1.02E-01 7.7T3E-13 2.206-08] 1 48E-06 5.3TE-00 3.50€-00 3.50E-09 2 30E-14 1.00€-17
Te1R 30UDS
Te1X LIQUIDS 926E-01 816E-01 3.19€-12 5. 56€ -084 4.08E-06 1 3ME08 T 40E-11 3.50E-11 926E-14 326E-14
“Te-1X SoUos
Te-13IM UOoUns 2.28E.,00 S A8E-O1 71312 1.37E-07] J.44E-08 1.10E-08 3 00E-10 1.80E-10 228€-13 2.78E-14
"Tetldm SOUOS
TeiM LouwDs 8.84E-01 2.96E -0t 284E-12 5 308 08 1 48€-06 S OE-07 8.70€-11 3.60E-11 8 84E-14 1.00E-15%
Te-134 A0S
“HI20U UQUIDS 2 70€.00 1.42€400 8.10E-12 1.35E 07 S 00E-10 1 70E-10
‘120U [0OLI03
‘H20mU  LOUDS 52RE.00 1.24E.400 1.58E-11 2 64E 7] 12510 8.30E-11
*H120mU SOUDS
HAY UG0S 412501 8.20E-02 1.24E-12 247TE 1.25€-10 T10E-11
‘21U S0U0S
(S} [Bol o) 14TEON 2 80E-02 $.T3E-13 2.00E 4AMEO? 0.00E400 2. 10E-10 1 10E-10 1 00F-14 0 O0E +00 1 O0E-O1
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TABLE B1 RADIONUCLIDE DEPENDENT DATA

[0TSR WASTE Iord AT 2 R L1 ) ;10 A (3) Lai LT DT T a2 O L <X R L2 2 M U0 82 b X ST
MEAN ENERGY | MEAN ENERGY | GAMMA 8 BETA GAMMA BETA BETA INGESTION |INHALATION | PoINT SOURCE | POINT SOURCE  JOF LOUIDS
PERDISINTN | PERDISINTN | SEMHNFINTE SKIN SKIN SKIN DPUIICRPEO | DPUIICAPE0 |GAMMA BETA FRAC OF
GAMMA BETA PLANE DOSE Mmgiem2 | DOSE dmgiom2 | DOSE 4amgiom2|  (max SwBq | (max) Sviq Svh per Bq Svhpe Bq | INVENTORY
MEV MEV Svh per figim2 | Svh per Bam?2| Svhpar Bg/om2 | Swh per Bg/an2

2 30LI08

“H124Y UoUos 1.08E+00 19301 JE12 8486 2.50€-08 167608

‘11240 s0UDs

25 UUDS 420602} 1 ME02 78314 2106 0.00€.00 0.00€ :00 1.50E-08 9 60E-09 808E-15 0 00E +00 1.00€-01
+125 soUDs ‘J

‘28 LouDs 454E01 1.57E01 152612 27% 157E-06 314E07 2.00€-08 1.80E-08 4S4E-14 1 00E-17 1 00E-01
‘H126 SOUDS

‘H28U LIOWDS 8.40E02) TATEO $60E-13 . 00E -0 2.50E-11 125611

128U SouUDs oi

‘129 uouos 2 48E-02] 63802 S.00E-14 9 70E 851607 ©0.00€+00 1.10€-07 8.70E-08 248E-15 1 00E-17 1 00E-01
‘H29 30UDs

‘130 Uouns 2136400 295E01 8 88E-12 1.206 07] 1 48E06 % 00E-07 1.00E-09 1 00E 09 213613 1 00E-1% 1 00E-01
“H130 soUDs

A LUouns 308E01 1.90€-01 1.27E-42 2 20808} 240606 342607 2.20E-08 1.306-08 410E-14 8 ME16 1 00E-01
(S]] S0LI0S

R Louos 2.ME 400 4,806 01 722612 1.30€-07] 263608 9.36E-07 2.70E-10 1.30€-10 224E-13 1.96E-14 1 00E-01
HXR S0UDS

‘HIMU  UOUDs 121E0 158601 08313 1.93€-08) $.00E-10 1.67E-10 1.00€-17

‘HXmU  SOoUDS

‘H3 uouDs 8.006-01 4 00E O 206E-12 3,s|soa1 283E-08 8.63E07 420600 2.306-00) 8.02€-14 1.84E-14 1 00E-01
13 S0UDS

1134 uowos 257E.400 81801 8.30E-12 1 54€ 07] 2T4E08 1.11E08 1 00E-10 4.30E-11 257E-13 2.48E-14 1 00E-01
1M 30U0S

S uowDs 1 556400 384601 46312 9.30E 251E08 142607 9.00€-10 4 80E-10 1.55€-11 1.48€-14 1.00€-01
‘HXS soU0s

“Xo13imU  GAS VAPOUR 2.00€-02] 1.446.01 5.76E-14 1206 0.00E 400 0.00€ 100 1.00€-17

Xa-13%) GAS VAPOUR 4.80E-02] 1.956-01 1.80€-13 2.7¢E 0.00E +00 0.00E+00 0.00€ .00 0.00E .00 4 60E-1% 1.00€-17

*Xe-13%)  GAS VAPOUR 248601 16E01 $10€-13 1.49E 0.00E+00 ©.00€ +00 1.26€-14

‘Ce125U  LIOUDS 8.77E-01 A4EO0 203612 4086 2.50€-11 1.00E-11

"Co 125U CAPSULE

‘Ce127U  UOUIDS 414E0 201602 1 UE12 248 2.50€-11 125691

‘Ce1ZU  CAPSULE

‘Ce12®  LOUDS 281E01 1.77E® 047E-13 1.89E 1.77€07 3I54E-08 8 10€-11 420E-11 281E-14 0.00€ 00

‘Ce122  CAPSULE

*Ce130U  LIOWOS S 14E01 401E-01 1.54E-12 108E 2.50€-11 748612 S14E-14

‘Ce130U  CAPSULE

Ce13 Lowos zzaeaL 8.80E 00 8.27E-1¢ 9.90E 6 60E-08 1.306.08 8.80€-11 4.40E-11 228€-15 0 00€ +00

Cet CAPSILE

‘Cet®  LOUNOS 7 02601 1.42600 27712 421 1.42€E07 284E-08 £ 00E-10 330610 7 0E-14 0 00E+00

‘Ce 1R CAPSULE

‘Ce-134m  UOLIDS 267E 1L1EO 8.00€-14 1.106 11108 222607 2,00E-11 1.306-11 267E-15 1 O0E-17




- TABLE B1 RADIONUCLIDE DEPENDENT DATA

[NOCUDE . WASTE POV — A 2211 TR L rk] T e TS B8 (X000 N £ 3121 S f= -] (- NN A/ W 18 ) a4V /1: 5\
MEAN ENEAGY | MEAN ENERGY| GAMMA & BETA GAMMA BETA BETA INGESTION |INHALATION | POINT SOURCE | POINT SOURCE  |OF LIoUIDS
PERDISINTN PER DISINTN SEMHINFINMTE SKIN SKIN SN DPUI ICRPBD DPUI ICRPE0 | GAMMA BETA FRAC OF
GAMMA BETA PLANE DOSE Mmgrem2 | DOSE 4mgiem2 | DOSE 40mprom2| (M} SwBq | (max}9v/Bq Svhpar Bq SvhpeBq |INVENTORY
MEV MEV Svwhpe Bym2 | Svh per Baem2| 9vh per Bo/am2 | Svh per Bgam2
‘Ce-134m CAPSULE
CotM SOULI0S 1.55E 400 1 801 AME-12 B.KE-OJ 1 83E08 3.08E-07 1 90E 08 1.20E-08 1.55€-13 1.00€-17
Co-1M FOit
‘Co-138 Uouos 0.00E +00 8 J0E-02 0.00E4+00 0.00E+00 1.10E08 STHEN 1.00E-09 1 20E-09 0 00E +00 1 00E-17
‘Ce-135  CAPSULE
*Ce-135mU  LIQUIDS 1.586400 IB4ER 4.74E12 9 06| 125611 790E-12 0 00F +00
‘Ce-135mU CAPSILE
‘Ce-138 uouns 2.15E4+00 1.37E-01 8.70E-12 1 20607 2.28E-06 8.74E-08 JD0E-08 1.00E-09 2 15€-13 1.00E-17
‘Ce-133  CAPSULE
Ce137+  CAPSWAE 3 8301 24501 1.85€-12 a.aa—:oej 254F-08 300E-07 1.30€-08 850E-00 8 54E-14 1.05€-15
‘Ce-1B  LIOUDS 23E.00 1.20€400 7ATEAN2 1.39E-07] 8 .00E-08 2.40E-08 0.20€-11 A10E-11 231E13 4.80E-14
*Ce-138 CAPSILE
‘Ba-13t uous 4 54E01 4 50E-02 1.55€-12 2T 08] 450607 0.00E +00 5 T0E-10 1.80E-10 4 54E-14 0 00E4+00
‘Ba-131 SOLI0S
Be-140+ UoLns 2 40E .00 8.00E-01 755612 1.4(2071 5 48€.-08 1 80E-08 I 70E09 1 10E-09 249E.13 3.20€-14
Be-140+  S0OUDS
s Le-140 UoL0s 23 E00 533¥E-0 8.64E-12 12‘2071 2.TAE-08 1.05E-08 2.80E-09 1.50E-09 23E1] 21314
——C 1s-140 SOUDS
‘Cotddsll  LOQUIDS 720601 7.38E-01 u
‘Coi3U  SOUDS
*Coi®U  UOUDS 1.74E400 23€-01 u
*Co13St SOU0S
‘CatI7U vouns 3.545024 1 .88E02 U
‘Cet37U s0UI08
‘Cat3AnY  UOUDS 5 286021 2.00F 01 U
‘Co13AnU  SOLDS
Cot® uowos 1.59€-01 ASE-0R 552613 1 90E A58E07 TAZE-08 I90E-10 240609 150614 0 00E +00
Cel 4t uawos 7.61€-0] 1.70E-01 276E43 5 90E 285608 1 83E07 120€ 00 2 60E-00 THIE1S 1 DOE-17
Cef 41 80U0s
*Celdd uowos 2 7E-01 420E00 1Q2€12 187 2 T4E08 8.70€E-07 1.70€-00 110E09 279E-14 171E-14
‘Cold3  S0UDS
Cetéds LOUDS 5. 04E-02] 1.21€400 8.16E13 4106 445608 1.50E-08 B.70E-00 1.00E-07 504E-15 AB4E14
Col444 U8
“Pr-142 uouDs S.ME% 8.08E-01 49712 J50E 4 OdE-08 1 20608 1 BOE-09 9.00E-10 5 B4E-15 3 23E-14
“Pr-142 SOL0S
Pr143 0UD 8.91E-000 A1ED 7A7E4 5 00E-1 251F08 7.08E-07 1 90E-00 25E00 8NE22 1.26E-14
"Nd-147 LouDs 1.40E-01 268E-O1 4.96E-13 8.40E 263E08 4.T9E07 1.70€-09 2.10E-09, 1 40E-14 1 00E-15
‘Nd-147 U0
“Ng-149 LIOUIDS ATTEO 4080 1.44€-12 220F 2 30€-08 9 A8E07 1.30€-10 B80E-11 3T7TE-14 1 96E-14
"Nd-149 SOUD’
Pm-147 FORU 407E&J 820E-02 120617 49061 128808 4.11€E-10 4 40E-10 1.00E 08 485E-19 0 00 +00

e e e el e el e el vmel el el
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TABLE B1 RADIONUCLIDE DEPENDENT DATA

[NOCOBE WASTE oA | 1M B =-1)) TR ) R:f k) - TU N LA = 2L L1008 00 k-1 D L 1
MEAN ENERGY | MEAN ENERGY | GAMMA & BETA GAMMA BETA BETA INGESTION JINHALATION POINTSOURCE | POINT SOURCE | OF LIQUIDS
PER DISINTN PER DISINTN SEMHNFINITE SKIN SKIN SKIN DPUILICRPE0 | DPULICRPE0 | GAMMA BETA FRAC OF
GAMMA BETA PLANE DOSE Mmgiom2 | DOSE amg/om2 | DOSE 4omgrom2|  (max) SwBq | (max) 9vBq Svh per Bq SvhperBq  |INVENTORY
MEV MEV Svh pwr Bgin2 | 9vh per Bqiom2| Svh per Boem2 | Swvh per Boyam2
“Pm-149 UQUIDS 1 0BE 02} 385Dt 1 44E-13 8 36E-10) 2 30E06 7.30€-07 1.60E-09 9.80E-10 1.08E-15 1 48E-14
‘Pm-149 S0uUDs
"5 UOUI0S 1.34E-05 TA4E-05 1.69E-17 8 O4E-13] 285608 0.00€ +00 1.70E-10 5 00E 00 1 34E-18 0 00E +00
‘Sm-151 80t IS
153 LOoUDs 8.156-02] 2.7tE-01 242613 3 80E 2.30E-06 SA2E07 1.10E-09 8 30E-10| 8 15€-15 1 O0E-15
"Sm-153 [0LID8
152 30U0 1.15E.00 1.36E-01 350€-12 8 90E 1 80E-06 1 EQ7 200609 4.T0E-08 1 15€-13 1 0OE-17
‘B152m UOUDS 2.92€-01 S5 0501 1.19E-12 1.75%€ 253508 8 08E-O7 $ 90E-10 2.30E-10 2 92€-14 202€-14
‘Eu152m SOUDS
B8-154 0L10 1 UE.00 2 8% 01 IME-12 74&4:' 342608 ATTEO? 3.10E-08 5 90E-08 1.24E-13 1 00E-15
Eu-155 SO0 S.M&ﬁ 8.26E-02| 223513 IATE 8.68E-07 3.20E-10 5.30E-10 7 60E-09 S T9E-15 100€-17
‘G153 LIOUDS 1 OSE-01 LITE®R 308E-13 8 30509 4 00E-07 0.00E +00 4.206-10 4110600 105614 0 00E.00
‘Gd-153  SOUDS
‘Gd-159 DOWos 4 0&02* 302601 206E-13 2.99€ -0 2.30E-06 6.04E-07 8.80E-10 3.00E-10| 4 98E-1% 1 21E-14
‘Gd-159 S0oUDs
‘To-180 uoutns 1.12€.00 254E-0t AJE-12 8. 7200 J 42608 4 22EQ07 2.40E-00 8.40E 00| t12€-13 1.00E-15
“Th-180 soUos
‘Dy-166  LOUIDS 2.506-02] 446601 241E-13 155 2.30E06 6.92E07 6.70E-11 3.60E-11 258E-15 1.78E-14
“Dy-168 SOoLUns
‘Dy-168 UOUNDS A.QE(J 1 .50E-01 1.3€-13 241E 1 50€-08 I 18EO7 2 90E 00 2.40E-09| 4 02E-18 $ 0OE-17
*Dy-186 SoUS
"Ho-188 LIOUI0S 2 D0E-02] 8.04E-01 IrE-13 1.74€ 347E08 1.11E-06 2.00E-00 9 80E-10 200E-15 2 78E-14
‘Ho-186 30LD3
E-180 S0U0 9.465-08{ 1.04€ Ot 1685€-17 5 30E-11 1.85€-06 J48E-08 8.20E-10 8. 10E-10 1.20E-18 0 ODE +00
‘g uoUns J.78E-01 417E-01 1.38E-12 _27E 2.30E-08 AMEQ7 4.00€-10 1 50E-10 I TBE-14 18714
HM 8OLIDS
Tm-170 8SouUo 519€ ANEO 9.22F 14 3.11E-108 230608 8 82E-07 2.20E-00 T 20E-09) S19E-18 132€-14
“Tm1N LIOUI0S 8.50€ 258502 240€-1% 3 0CE-11 256E-07 0.00E4+00 1.80E-10 1 60E-00| 8 50E-17 0 00E + 00
“Tm-174 8soL08
‘Y173 Lourns 3.98E 1 20€-01 1.33€-13 23009 1 20608 258607 7.00€-10 5 30E-10 I 06E-15 1 00E-17
Yoi 7S [0L08
‘177 UOUI0S J1SE-0 14701 1 24E-13 13!0& 1.47TE-08 2MEQ7 8. 70E-10 7 .00E-10| J1SE-15 1 O0E-17
“L177 SOoLUDs
“HE181 LUouns 5 55E-01 201E01 1.80E-12 3.336-08] 2.30€-08 402607 1.70£-00 3 40E-09| 5 55F-14 1 00E-15
M2 31.1) s0LIDS mL
Te-162 b o]l ] 1 20€ .00 21201 JIBLE-12 T4 230E08 4 24E07 2 20600 1.20E-08 129€-13 1 00E-15
Te-182 CAPSULE
Te- 182 For_
W18 VOUROS 4 O4E-04 1 0OE02 1 48E-13 242 1.00E-07 0.00E+00 1.10E-10 J 20E-11 4 O0LE-15 0 00E . 00
W-184 SOLI08




)

TABLE B1 RADIONUCLIDE DEPENDENT DATA

CUDE  WASTE FORM RI(l) =) TEArE (5 R7 (3 =108 R4 (4) L) 30T O L2 () 1] M
MEAN ENERGY | MEAN ENERGY | GAMMA 8 BETA GAMMA BETA BETA INGESTION [INHALATION  |POINT SOURCE |POINT SOURCE | OF LIOUIDS
PERDISINTN | PERDISINTN | SEM-INFINITE SKIN SKIN SKIN DPUILICRPED | DPUIICRPE0 | GAMMA BETA FRAC OF
GAMMA BETA PLANE DOSE ?mgrom2 | DOSE 4mg/om2 | DOSE 40mgrom2|  (max)SwBq |  (max) SviBq Svh per Bq Svhpe Bq  |INVENTORY
MEV MEV Svh per Bgm2 | Svh par Bgiom2] Svh per Bgiom2 | Svh per Bgom2
W-185 UQuUIDs 5 85€-051 1.2TE-01 1.33E-18 3 33E-12] 1.27E-08 2.54E-07 8 30€E-10 1 70E-10 555E-18 1.00E-17
W-185 S0oL0s 6.10E-10 1.70E-10
‘W-187 LoD 4.T8E-01 3.07E-Ot 1.80E-12 2 87E-08)] 2.30E-06 B4E-Q7 9.80€-10 2.10E-10 4.T8E-14 1 23E-14
"W-187 S0oU0s
‘Ae-1832  UOU0S S.57E-13 7.60E-10 1 .BOE 09
"Re-183Z  SOUDS
Re 188 UoUDS 2.05E-02 JLEN 164E-13 3 00E-09] 2 30E-08 8.85€-07 1.30E-09 1.10E-08 205E-1% 1.37E-14
“Fe-108 uouns 5.73€-02] 7.T8E-01 512€-13 JME 3 89E-06 1.24E-06 1.30E-00 800E-10 5 73E-15 INE14
*Ae-188 30U08
*Os-185 UOUDS T17E01 1.91E-02 228E-12 4 30E-08, 6.05€-08 1.26€-08 8.40E-10 2 80E-00 7A7E-14 0 00E +00
‘Oe-185 SOUDS
*Os-191 uouns 7.95E-02] 1.35€-01 288E-13 4.7TE-09 1.14E-06 0.00€ +00 9.10E-10 1.30€-09 195615 0 00E400
“O-19 S0U0S
‘Os-191m  LUOUIDS 0_125&{ 8.50E-02 1.90E-14 SATE- 104 & 50€.07 1.30E-07 1.30€-10 9.00E-11 9 12E-16 0 QDE +00
‘Os-191m  SOUDS
‘010 LouDs 7.27E02 38801 3 23E-13 4 36E-094 2 30E-06 7.3%€.07 1.20E-00 8 50E-10 72TEAS 1.4TE-14
‘Os-1 SOUDS
*¥-190 uQUIDS 1 ME 00 12301 457E-12 8.84E-08] 1.236.06 2 48E-07 1.70E-00 1 90E-09 1.44E-13 0 00E+00
“¥-190 S0U0s
102 SOUDS 8.20E-01 2.14E-01 2.T2E-12 A.ﬁmL 2.83E-06 3.88€-07 2.00E-00 7.80E-09 8.20E-14 100E-15
1R CAPSULE
r-192 FOIL
‘F-194 UouDs 8.92F 021 8.08E -0t B24E-13 $.35€-094 4.04E-08 1 20€-08 1.80E-00 91010 BE-15 323E-14
h-14 SOUDS
‘PHO uouns 301E-O1 6.28E 02 O.4E-13 181E-08] 8 28607 126E-07 4.70E-10 1.50€-10 I0IE-14 1 00E-17
‘P 8s0oUDs
‘PHS  LUOUIDS 220603 8TER 1.93E-15 132610 8.72€-08 0.00€ +00 u 0 0OE+00
"PHS  BOUDS
PHYM  UOUDS 1 28€.02] 1.37E-01 41514 76810 1.37€06 2.74E-07 7.30E-10 2 20E-10 1.28E-15 100E-17
‘PHIEM  SOUDS
"PHO? U8 2.51€-02] 2 S¥E-01 9.96E-14 1.51E-09 2.30€-08 3.06E-07 5.00€-10 1.50€E-10 281E-15 1 00E-15
P97 80U0s
‘PHigAm  UOWDS G:IEIJ k¥ 2yl 285E-13 4&0& 2.30€.08 8 44E-07 9.30€-11 3 30E -1 8 30€-15 120614
"PHIOMm 80ULI0S
TA-198Z  UQUID 1.60€-12 4. 40E-10 3 70E-10
"A-196Z  BOUD
Au-198 uou 4 04E-O1 3280t 1.40E-12 241!-:08L 28306 7.30E-07 1.60E-00 1.10E-09 457E-14 B8 OME-15
Ao-108 8SOU0
“Au-198 uouin 8.88€-02 1.43E01 318E-13 53% 14306 2.86E-07 8.80E-10 4 90E-10 8 88E-15 100€-17
“A-190 20LD
Hg- 1978 UGWos (X 2 6 S4E-0° 25¢-13 220 G 4E-07 1.336-07 1.99€-10 1.02£-10 7.05€-15 0 00F + 00
Hg1979  BOLIDS




TABLE B1 RADIONUCLIDE DEPENDENT DATA

NOCOBE WASTE PO 1K) Ty a1 T N e} BT 02 e TWEE | ROGh 6o 018 VAT msm
MEAN ENERGY | MEAN ENERGY | GAMMA & BETA GAMMA BETA BETA INGEST! INHALATION POINT SOURCE | POINT SOURCE | OF LXOUIDS
PERDISINTN PERDISINTN SEMI-INFINITE SKIN SKIN SKIN DPUI ICAPE0 | DPUI ICRPED | GAMMA BETA FRAC OF
GAMMA BETA PLANE DOSE Mmgiom2 | DOSE 4mg/om2 | DOSE 40mgiom? {max) SvBq {max) Sv/Bq Svh per Bq Svh pmt Bq INVENTORY
MEV MEV Swh par Bym2 | Svh per Bg/om2| Svh per Bg/om2| Swh per Bg/om2

‘Hg-197m  LXOWADS 9.40€-02 2 14E01 3.32E-13 5 64E 230E-06 4 28E-07 8.80E-10 3.50E-10 9.40E-15 1.00E-15

‘Hg-197m  SOUDS

Hg-203 Soup 2.37€-01 987E-0R 7.81E-13 1.50E 1 83E-06 4.22¢-08 1.80E-09 1.80E-00 260E-14 0.00E .00

Hg-202 CAPSULE

“TH00 uouo 120€ .00 I BEL02 4 OdE-12 7.74E 3.86€07 0.00E 400 1.80E-10 1.20E-10 1.29€-13 0 O0E +00

*TH200 L oll o]

TH201 SouUD 8.87!5& 43300 3.36E-13 20(208* 8.05€E07 0.00E +00 7. 40E-11 5 80E-11 9 49E-15 0.00€ +00

na FOIL

‘TR202 Luouvo 48TEO1 20E-0R 1.55€-12 2&EIBH 2.30EQ07 0.00€ +00 3 70E-10 2 50€E-10 487E-14 0 00E +00

TR 30UD

Ay Fon 1,05E-031 238501 8. 75E-14 32(!-14 2 40E-08 STEO7 7.90E-10 8 7CE-10 1 15E-18 3 2BE-15

‘P03 LUID 31260t 5 22F-02 1 .08E-12 I,BEOGJ 5 22€E07 1.04E07 2.50E-10 1.2%-10 312€-14 1 00E-17

‘P23 SOUD

-0 SO0 \.GGEOCT 4 2701 1 14E-13 8 0 283E06 845807 1. 92E-08 415€08 811E-18 1 44E-14

‘Po-212+¢ Louno 1 55E400 8 56€-01 4 74E-12 9.30E 582E08 122€08 1.23E-08 418608 1.85€-13 J42E-14

PH-2124+ SouD

B-208 Loun 3 25€.4.00 132601 1 01E-11 183¥-0 8 60E-07 284507 2. 40609 1 .80€-09 325€-1) 100€E-17

“B-207 voumn 1 S4E.00 11601 4. 78E-12 9 24£-08) 1 18E-06 2.3€07 1.70E-00 5 50E-09 154€-13 1 00E-17

“8-207 SoUD

‘B-210 pouinD 0.00E+00 3 06E 01 1.22€-13 0.00€ +00 2 83E08 8.45€-07 210E08 5.10€-08 0 00E +00 150€-14

‘B-210 Soun

“BR2124 UoU 1.40E 400 881E-01 42312 8.3TE 2 T4E-08 1.14E08 2 S0E-10 4 80E-00 1.40E-13 2T2E-14

‘B212+  SOUD

‘Po-203U  LQUID 1 84E400 1.60E-01 4 90F-12 0 84608 1.80E-06 3.20E-07 5 S8E-1t 2.50€E-11 { B4E-13 1.00€-17

‘Po200U  SOUD

‘Po-SU LQUID 1 55€.00 STSEOR 4.85€E-12 9.30-08 S57TSE07 1.15€07 8 25€-11 S 00E-11 1.55E-13 1.00E-17

‘Po205U0  BOUD

‘Po-07U LIOUID 1.X2€+00 505600 3.08E-12 7.F 50507 101E07 1 8TE-10 5 SBE-11 1.36-13 1.00E-17

‘Po207TU 800

Po-210 80UD us«eosJ 8.20E-08 2.00E.17 480E-4 0.00E +00 0.00E..00 8.20£07 1 60E 08 DEIE1S 0 00E+00

‘AR uouo 3ME-O 5 8E-03 141E-13 23 580E08 ©.00E +00 1 10E-08 2. 70E-08 301E-15 0 ODE + 00
80UD

“Rn-2204 GAS VAPOUR 4.@0‘* 9 0CE08 1.72%-15 241E11 9 0IE-11 0 00E+00 4 OOE 08 402617 0 00E +00

222, GAS VAPOUR 1. ME+00 9 40E 01 5 49€-12 1.00€-07] 4 TOE-08 1.50€-08 5 70E-09 1 71E13 3 76E-14

‘Ae223:  UOUD 1 S5E-01 947601 1.15€12 9 .29€-00) 306€-08 9 M€-07 140607 2 00E-06 1 SSE-14 3ITVE14

‘Pe-2234+ 80UD

“Ae-224+ poun 1.56€ 400 855601 478612 9&4!3‘ 5 86E-08 122608 9 23E-08 88X 07 1 58€-13 342€14

‘P24 S0U0

‘Fa-22% Louio 1.37€. 107E01 4 TAE-14 8 22¢-10) 107E08 214807 7 30E-08 2 OC0E-06 1 37€15 100E17

‘Fa-22%5 L ell o]




8L

TABLE B1 RADIONUCLIDE DEPENDENT DATA

WASTE FOT a1K§)) TS — eRPS (S 2 k) = 77 (I L R 2114 ) TISE8 R0 BR® VAT %y |
MEAN ENERGY | MEAN ENERGY | GAMMA 8 BETA GAMMA BETA BETA NGESTION [ INHALATION POINT SOURCE | POINT SOURCE | OF LUQUIDS
PER DISINTN PERDISINTN SEMHINFINITE SKIN SKIN SKIN DPUIICRPED | DPUIICRPE0 | GAMMA BETA FRAC OF
GAMMA BETA PLANE DOSE 7mgiom2 | DOSE amgiom2 | DOSE 40mgiom2]  (max) SvBq max} Sv/Bq Svh per Bq SvhpwBq |INVENTORY
MEV MEV Swhper Bgm2 | 9vh per Bgom2]| 9vh par Baom2| Swh per By/om2

Ra-226+ SOLD 1.78E+00 1.37€400 5.39€-12 1.18€E-07] 8 5308 2.49E08 214E08 8.25C-068 1.84€-13 A34E-14
Re-228+ SOUD MASSIVE

‘A2’ LQUID 1.88E-01 420E-01 4.98E-1) O,Q&OOJ 2 30E-08 8.58E07 8.30E-11 1.00E-10 1.68E-14 1. 71E-14
‘Aa-2ZTU  SOUD

‘Re-2284 [Fe 4] o] S4ED 4 TEE-O1 2098E-12 5 786-08) 3.08E-06 TA9EQ? 2T1EQ7 1.15€-08 Q.64E-14 191E-t4
*Re-228+ [UD

‘Th 22840 UQUID 1.87E-02 220E02 8.26E-14 1.12¢-00 220607 4 40E-08 250E-10 1.00€-08 1.87€-15 0 00E +00
‘Th26.U 90D

‘Th227 0.0 1) o} 1.08E-01 45702 360E-123 8 36E-09] 2T4EQ7 8.22€-00 1.50€-08 I 50E-05 1 08E-14 0 00E +00
“Th-227 [OUD

Th-228+ 80UD 1.58E+00 8 80E-01 4.79E-12 1.00€ -07] 6 JME06 1. 22€-08 2 RE-07 8.60E-05 1 54E-13] 1.35E-14
Th-228+ SOUD MASSIVE
“Th229+ UQuUD 2HEO1 4. 70E-01 1.15€-12 7.3(!0J 8 29E08 987E07 251E-08 354604 291E-14 1.88E-14
Th-229+ 80UD
Th-230 8SOUD 1.535€-04 1 40E (R 297E-1% 3.0&09’ 1.04E07 0.00E +00 3 50€E-07 S 10E-08 296E-18 0 00E +00
Th-230 S0OUD MASSIVE

Th-an uaun 2 85602 1830 S.00E-14 15300 21TEO8 1.08E-08 4.90E-10 270E-10 2 55E-15| 1.00E-17
Th23t S0UD
Th-23N 8ot 2.%°€:00 1.37E400 T.78E-12 1. 85 07 9.48E-08 1.94E€-08 4 93E-08 1530 1.85€-13] 1.35€-14
Th-232N SOUD MASSIVE
Th-232N CAPSULEGEM)
Th2y, uaur 1.98€-021 87901 408E-13 118 382E08 1.26E-08 $.70E-00 1.00E-08 1.06E-15 IRE-14
“Th 80UD
A28 uoum 9.306-01 4 60E-O1 2 98E-12 8.30E 3.08E-06 TA9ELDT $.00E-10 5.00E-08 9 30E-14 1.84E-14
‘Ac-28 80UD
‘Pe-230 uauvio S 48E-01 S8R 209E-12 kY. 3 8 83E07 1.33€07| 1.50E-09 390EQ07 8 45€:14] 1.00€-17
“Pa-230 8OLI0
*Pa-231 [Fo 1] o] 4. T6E-02] 8 20E-(2| 1.13€-13 2.&00’ 1 A8E-07 S 14E-00 1.40E-08 1.70E-D4 4.78€E-15) 1.00E-17
Mo )l SOL0
‘Pe-2%3 uauUD 20301 10501 7.3E-13 122F 297TE-08 9.93€-08| 1.40E-00 2 BOE-00 203€E-14) 1.00E-17
‘Pe-233 80UD
U230+ uauD ?JTE(:QL 43002 S8 91E-14 1.3CE 4.38E07 8 72E-08| 1 40E07 5 20608 217E-18 0 00E +00
U230+ SOUD
U223y Loy GM 7 .08E 02 2.T4E-13 4 9E-00 7.08E07 1EO7 250E-10 2.50E-10] 8 20E-15 100E-17
U231y 800

U2R24+ uQuUID 1 98E+00 8.00E-01 4. 70E-12 9.38€E-08] 8 3E-08 1 22F-08 5.3€07 25TE-04 1.588»!:” ISBE-14
U232+ 8OUD

Uz uQuUIn 1.3E0Y 8 08E03 1.62E-15 1.706-00 325600 0 0OE +00 4.00€-08 3 80E-08 131E-16 0 00E +00
U233 SOouUo

(IR« SO0 1.73% 1.32600 285E-15% 2 70E-O% 7 LE00 0.00F +00 3.00£-08 3.50E 05 3 80E-18 0 ODE +00
U-2M BOLID MASSIVE

U238+ U 1.80E-01 2 11E-01 825€-14 1 .08E. 25E08 1.09€-08 1 -1 -

. I B0E-08 I E-05 BOE-14 1 00E-15
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[RUTOE. WASTE TOred T =) T = rd k) 10 v ) e8| RoEh  [nse T 18) ) VSRTOTY m )
MEAN ENERGY | MEAN ENERGY | GAMMA & BETA GAMMA BETA BETA INGESTION | INHALATION POINT SOURCE |POINT SOURCE | OF UOUIDS
PER DISINTN PERDISINTN SEMHNFINITE SKIN SKIN SHIN DPUIICRPE0 | DPUIICRPED | GAMMA BETA FRAC OF
GAMMA BETA PLANE DOSE 7mgiom2 | DOSE 4mg/am2 | DOSE 4amglom2|  (max) SwBq {max) Sv/Bq Svh per Bq Svhpw Bq  JINVENTORY
MEV MEV Swh per Byn2 | Svh per Baem2| Svh per Bgiom2 | Swh per Bg/om2
‘U238 [Wo V] o] 1578034 1 1ER 244E-1S 042611 4 5TE0 0.00E.+00 3. 70608 3 30E-08| 1 87E-16 1.00E-17
‘U-238 sSouUD
‘U231 [Wo.V]0] 1.42€-01 1 04E-O1 SO0SE-13 8 5F 1.04E-06 388E07 8.30E-10 8.30E-10| 1 42€-14 1.00€-17
‘U231 80U
U-238+ 8OUD 2 S0E-02] 8.80E-01 410E-123 9.70E 3.82€-06 1.26E-06 41TE-08 310E-05 J02€E-15 408E-14
u-28+ SOUID MASSIVE
U28N  90UD 1.78E400 2206400 S08E-12 1,356 071 125605 3 TSE06 1.206.08 816605 1.88€-13 84214
U-236N  SOLID MASSIVE
U-208M CAPSULEHGEM)
“u-20 uouin 5 11E-0 4.08E 01 J08E-13 SOEO& 2 JOE06 816£07 2.80E-11 8.30E-12 S11E-158 1 83E-14
‘U222 SO
‘U4U  LOUD 781004 1301 132614 457E10f 2.05€08 1.28E07 1.00€-00 5.00E-10 761E-16 1.00E-17
‘U-240U S0UD
‘U240:0 UOUID 1.3€.00 .55 01 37ME12 7.026-084 8 22€-06 8 98E-07 1 .00E-09 S00E-10 1.32€-13 282€-14
‘U240 90OUOD
‘Np-237+  LOUD 2.37E01 264601 8.40€-13 % 506-08] 346E06 9.93E-08 S AEO7 7.80E-05 278E-14 1.00E-15
‘Np237s  SOUD
“Np-22% [§.0.¥] o] 1172601 25TEO1 8.00E-13 1.03E-084 411€E-06 137607 1 20€-00 7.50E-10 172€-14 1 00E-15
‘Np2¥  90U0
“Np-240 uour 1 ME.00 S517E01 380E-12 7.8¢€ 084 8.18E-06 STHEO? 7.80E-11 2 50E-11 1.31E-13 207E-14
‘Np240  SOUD
‘Pu2M  UOUID 6 84E02] 107E02 208613 4.10E-00 1.0707 0.00€+00 1.70€-10 710600 8 B4E-15 0 00E..00
‘Pu2M  SOUD
‘Ar2¥  UOUD 9426021 21302 280613 5 62609 21307 0.00€+00 1.70€-12 5.60E-13 DAE1S 0 00E +00
‘MA235  SOUD
*Pu-238 U 200609 1.3%€0R 3MENS 1 256108 0 OOE +00 0.00E +00 1.90E-07 2.90E-05 200E-168 0 00F +00
‘-3 uoun 523602 1 5802 1.88E-13 314 1 S8£07 0.00€ +00 1 OOE-10 $.00E-10 S 23E-15 0 00E +00
‘AZIU 8OLID
P2y 2 08E-05 1.08E-02 1 25€-15 2 70E 1 08E-07 0.00E +00 S 10EQ7 8 20E-05 208E-16 0 00E +00
Pu-2% (20 & 5.19€-05¢ 8 8%E-03 1.ME-18 1 .00E 4 ME-10 0.00€ +00 5 60E07 6.80E-05 1 8%-17 0.00E +00
*Pu-240 |00 »] 1.73€. 1.08E-02 2T3E-15 1.04€-10) 0.00E+00 0.00€ +00 5 80E07 8 80E-05 17318 0 00E +00
" Pu-240 SOU0
“Pu-241 [Wo V] o] 524 0.00E+00 1.&£-|i 0.00E :00 0 00E+00 1.10€E-08 120608 2.54E-19 0.00E +00
‘Pu241  90UD
“Pu-242 uQuD 1.445&* 8TXE-03 220€-15 8.84E-11 0.00E .00 0.00€ +00 S 30E-O07 S 50E 05 1 44E-18 0 00E +00
‘Pu242  BOLD
“Pu-243 uQuio 2 S5E-02 1.HMEO 0.25E-14 1.5 -0 228E-06 251E07 8.70E-11 420E-11 2 55E-15% 1 O0E-17
*Pu-243 B8OLD
‘Pu-244 [Wo V] o] 1 22¢. 7.08€ 03| 1 O4E-15 TX%E-11 0 OOE+00 0 00E +00 $ 0E-07 8 40E-05 122¢-18 0 ODE +00
‘Pu-244 80D
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TABLE B1 RADIONUCLIDE DEPENDENT DATA

[ROCODE  WASTE TP 3K ) TS — TR L T L AL —WEE oS nma'—']) ] i
MEAN ENERGY | MEAN ENERGY | GAMMA & BETA GAMMA BETA BETA INGESTION JINHALATION POINT SOURCE | POINT SOURCE  ]0OF LIQUIDS
PERDISINTN | PEROISINTN | SEMHNANTE SKaN SKN SKIN prulicRPe | bPulICRPED |GaMa BETA FRAC OF
GAMMA BETA PLANE DOSE 7mg/em2 | DOSE 4mg/om? | DOSE 40mgfom2 {max} SwBq (max) Sv/Bq Svh par Bq Svh pe Bg INVENTORY
MEV MEV Svh per Bgm2 | Svh per Baiem2| Svh per Bgiom2 | Swh per Bg/om2

“Pu-MSU uQuIo 408€-01 3.30E-01 1.40€-12 u U 408E-14

‘Pu-25U  SOLD

*AM237U UQUID 3.88E-01 7 ASE 02| U U 3BBE-14

"An237U  SOUD

‘AnZ3®  LOUD 8 79601 5.07E-02 U U BTOE-14

*AM-2385 SOUD

“AM-2I  LIoU 2.38E01 1.86E-01 U U 238E-14

*AM-2390 SouUbD

‘Am2400  LOUID 1.00£.400 7ASEQ2 U u 1.02E13

‘Am240U  SOUD

Am-24% CAPSULE 2 13602 5 19€-02 P41E-14 1 70€ 548£-08 0.00E +00 5 70E-07 7.00E-05 213E-15 1 00E-17

Am-241  FOL

"Am-242 uoun 1 83E-02 1.79€-01 6 S1E-14 110 1 94E-08 29TEO7 4.30€-10 120608 1 B3E-15 1.00E-17

‘An242  SOUD

‘Am-242m+  LOUD 2.ME 220E-01 TA42E-14 1A4(E04 1. 94E-06 20TEQ7 5 50E-07 8 TOE-O5 2.ME-15 1 .00E-15

*Am-242ms  80UD

“AM243+  UOUID 2 30E-01 3 O0E-01 8.08E-13 1.386-08) 4 24E-06 13707 5.70E-07 7.00E-08 230E-14 1.00E-1%

“Am-243; S0U0

‘AM2440 LDQUID 8.05E-01 34LEO 250E-12 U u 8§ OSE-14

‘Am-2440  S0U0

*Am-244ml) LIGUID msaeo:u 9.2E 0 u v 153616

*Am-24mU SOUD

‘Am2480  UQUID I 2E02] 2 68E-01 1.55E-13 U 1] 32315

‘AMRZASY SOUD

“Am248U UQUID S 08E-01 8 S1E-01 J10E-12 u u 6.00E-14

Am-248) SOUD

*Am-248mU LQUID 989601 4.88E-01 u U 9.00€-14

“Am-246mU SOUD

‘om2wy  LoUD 7.71€02] 9.68E-03 TJ u TTHE1S

‘Om23U  S0UD

‘Cm2400  LIOUID 200609 1.08E.02 v u 200€18

‘Cm-240U0  S0UD

‘om-241U LQUID 4 99E-01 1.30E01 1) u 490F-14

‘om-241U0  8OUD

‘Om-242 U 1 83E-034 95TEX 3.10E-15 2.40E 0.00€ .00 0.00E +00 2 40E-08 3.50€ 08 1 83E-16 0 00E +00
*Cm-242 S0UD

“Cm-243 uoun 1.3E0 13TE01 4.58E-13 804 1 94E-08 342€-08 4 00E07 4 00E 05| t ME-14 1 OOE-17
“Cm-243 SOUD

Cm-244 SOUD 1.88€. 8 50E-03 27618 2206 0.00€ +00 0.00E +00 320607 4 O0E 05| 1.88€.17 0 00E .00
“Om-24% UQuID 9.55€ 6 50E-02 2.88E-13 9 55 REO7 0.00E 400 S 90E-07 7 22E-05 9.55€E-15% 1 0OE-17
“Om-24% 0O
*Om-248 uouiID 1 31800 8 00E-03 244E-15% |.51E-0* 0.00E+00 0.00E+00 % 90E-07 7 20E-05 1 51E-16 0 00FE : 00
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TABLE B1 RADIONUCLIDE DEPENDENT DATA

[MOTOBE. WASTE POT W 1K) =-3§)) PEATR [ :rk) — B0 TEA (4) IWEH 1 Rons | mmS_W_MUWm
MEAN ENERGY | MEAN ENERGQY | GAMMA & BETA GAMMA BETA BETA INGESTION JINHALATION POINTSOURCE | POINT SOURCE  |OF LIOUIDS
PERDISINTN PERDISINTN SEMI-INFINITE SKIN SKIN SKIN OPUL ICRPSO DPUI ICRPE0 | GAMMA BETA FRAC OF
GAMMA BETA PLANE DOSE Mmglem2 | DOSE dmgiom2 | DOSE 40mgom2]  (max) SvBq {max) Sv/Bq Svh per Bq Svhpe Bq |INVENTORY
MEV MEV Svhper Bgm2 | 9vh per Baom2| 9vh per Bqfom2 | Swh per Bgiom2
“Cm-248 80UuUD
‘om-247 uoumD J14E01 211E0R 1.08€-12 188 { 80E-07 1.83E-08 S 40E07 8 BOE 05 I 14E-14 0 00E + 00
‘Cm-247 S0ouD
‘Om-248 uun 1 18E-0 8 04E-03 1 96E-15 8 90E-11 0 0OE..00 0 00E.00 22008 260E04 1.16€-1¢8 0.00€ «00
‘Cm-248 : ollo]
‘Cm-249U LOUID 1 91E-02] 2801 1.11E-13 u t9E1S
‘Cm-2400  SOUD
Bk-240U uouiD 1.80E-07] I 20E-R 1.90E-00 2 00E-07 1 69€-20
Bk-249U S0uUD
‘B-250 uouio 8 8SE-O1 291E-O1 275612 5.31503# 2.30E-08 582€-07 u 8 85€-14 1 QOE-15
* Bk -2%0 Souo
‘cl4U LoUm 191600 851EM u 1.91E-16 0 00E +00
‘Chad4y SOLD
‘cl248  LOUD 1.2F S 9E-03 7 11 5 03E-08 0.00E400 5 00E-00 1.80E-07 1.326-18 0.00€ :00
‘Cl248  90UD «1
“C1248 uQumo 1.30E-0 $.98E-00 22¢€-15 7.80E-11 5.96E-08 0.00E+00 5 50E-08 1.30E-0% 1.30E-18 0.00€ +00
‘Cr248 SO0
‘Cl49 LU INEO 434E02 1.106-12 2 00E-08) 320€07 1.80E-08 7.006-07 850605 3E14 000E-+00
‘Cr249 80LI0
‘CH2%0  LQUD 1.24E S 65E-03 227E18 744611 ATHEDD 0 00E 400 320€.-07 440E-05 1 2418 0 00E +00
‘CL25%0 80OUD
*CH251 uou 1.31E01 1.96E-01 425613 7 805 00| 1.96E-08 392E07 3.60E-07 8 70E-05 1.31E-14 1.00E-17
*cL2s51 [0LUD
cr2s2 S0UD 1.59€-0 1.30E-02 210€-18 1.20€. 388E-00 0 O0E +00 1.70E-07 -3 O0E-05 1.50€E-158 0 COE +00
cras2 CAPSWILE
CH252 FoR l
*CH283 UQuID 22TE-0N 70202 ATSET 1.38%E1 TREO7 1 58E-07 27T0E09 820607 22710 1.00E-17
*C+-253 80LD
“Ch254 uQuio 1.74E.01 1.00E401 7.38E-20 8.70E-07] % 00E-05 1.80E05 G.40E-07 7 80E 05 1.74E-12 4.00E-13
OS54 SO0
‘B3 LOUIDS 1.10€ IE® 2.30E-15 8.60E-11 345€08 0 00E+00 1.00E-08 920607 1 106-16 0 COE +00
'Es-253 |oUDs
Es-254 uouns 1.01E02 701E-02 178E-14 1.15€.00f 701E07 1.40E-07 5 40E-08 7.00€-08 1 9AE15 1 0OE-17
En-254 BOUDS
*Es-254m Uowos 4.68€-01 25401 18E-12 szoq 2.30E-08 8.08€-07 8.70E-00 130607 4 BAE-14 1 00E-15
‘Ea-2S54m  SOUDS
‘Es 3% LIOUDS 1.84€-16 u
‘Ee- 255U 30LI08
‘Fm-254 Uoinos 1 28608 S 81E-03 241E15 756E-11 S81E08 0 00E +00 4 20E-10 1 40E-08 1 28E-1¢ 0 OOE .00
‘Fm-254 [0U08
‘Fm-258 UOUOS 1.35€ 9 EOR 23E-14 810€E-10 9 79€-07 1 96E-07 3.60E00 6 BOE-08 1 BE1S 1 00E-17
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TABLE B1 RADIONUCLIDE DEPENDENT DATA

T

32

X = 17i0) TR %) TS50 =00 O LaRE ] =314 AT (S8 |
MEAN ENERGY | MEANENERGY| GAMMA 8 BETA GAMMA BETA BETA INGEST| INHALATION | POINTSOURCE  |POINT SOURCE  |OF UOUIDS
PERDISINTN | PERDISINTN | SEM-INFINTTE SKIN SKIN KN DPUIICRPE0 |  DPULICAPS0 | GAMMA BETA FRAG OF
GAMMA BETA PLANE DOSE Mmg/em2 | DOSE 4mg/iem?2 | DOSE 40mg/on2 {max) SviBq {max) Sv/Bq Svh pe Bq Svh pm Bq INVENTORY
MEV MEV Swhper Bymn2 | Svh per Baiem2| Svh pe Bgiomz | Svh per Bajan2
/
‘Fm-258U  LIOUIDS 1.11E01 1.20€-01 u v 199614 1.00E-17
‘Fm-2588 SOUDS
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index to shorthand in tables

*S1-31- The ‘*’ refers to radionuclides for which their use is unknown.

*P33 - The ‘U’ refers to a radionuclide for which the dose per unit intake for ingestion
and/or inhalation is not given in reference 5.

Radionuclides with suffix U have inhalation and ingestion doses per unit intake
calculated from ICRP Publication 30®) or have been omitted.

Doses from inhalation of radon (**?Rn) and thoron (#*°Rn) were estimated from
reference 9 in the following way.

a) The dose from 222Rn was estimated, by assuming that an average concentration of
20.5 Bq m™ gives rise to a dose rate of 1 10~ Sv y'l. Assuming that an
individual’s inhalation rate is 1 m® h! then the ‘dose per unit intake’ (in Sv Bq!).

-3 -1
- 1107 Svy - 5710 Sv Bq ™.

205Bgm> x1m>h? x8760hy!

b) The dose from 22%Rn was estimated, assuming a conversion factor of
40 107 Sv per Bg.h m>, ‘
Assuming an inhalation rate 1 m> b}, the dose per unit intake in
SvBq' =4 10% sv Bq'L.

Zr-39+. The ‘+' means that the daughters referred to in Table 2 of the main text are
included in the radionuclide dependent factors.

Re-182Z. The ‘Z’ refers to a radionuclide in which energy emission data is not
available from ICRP Publication 38!

Hg-197#. The ‘#’ means that inhalation and ingestion daia was obtained from
reference 6.

"Solid” is defined as a "dispersabie solid”.
"Solid Massive" is defined as a "non-dispersable solid".
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APPENDIX C

Basic assumptions for dose and risk criteria

The individual effective dose criteria (or dose constraint) adopted by the CEC for the
determination of reporting levels is 10 nSv per year.

Two different situations are distinguished in the calculations: normal situations and low
probability events (accidents). In ICRP 60, it is assumed that the risk of fatal cancer (over the
lifetime) due to exposure to ionising radiation is 5 102 per sievert. This value is used here to relate

the dose criteria to a risk criteria.

Risk criteria for normal situation:

The annual dose criteria for normat situations guarantees that the maximum individual risk
per year related to the reporting level is:
(10 pSv/year).(5 1072 effect/Sv) = 5 1077 fatal cancer per year of exposure

Risk criteria for low probability events:

As soon as low probability events are considered, it should be verified that the product of
probability and consequence is lower or at least equal to the risk criteria defined for normal
situations. Assuming an annual probability p for a misuse or a "low probability event", the
individual dose criteria defined for the normal situation is no longer valid, but the individual dose

D has 1o satisfy the following relationship:

p x D x risk factor < Risk criteria for normal situation

which means:
p x D x risk factor < 5 107 fatal cancer/year

The low probability events correspond to pessimistic situations and it can be reasonably
assumed that the probability of occurrence per year for these situations is actually lower than 102,
Thus, according to the previous relationships, it is possible to derive the individual dose criteria per
event for the public and workers (assuming p < 10'2) as follows:

p x D, X risk factor = (10"%/year) x Do X3 102 = 5 107 fatal cancer/year
D, = (5107 /5 102)Sv 10?
D . = 1 mSv/event
Skin contamination:
The basic dose criteria for the normal situation is 50 mSv/year. This dose criteria is also
applied to accidental situations. In other words, if the event occurs, a skin dose of 50 mSv is not
exceeded.
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RAD ! OLOGI!CAL PROTECT | ON

Publications of the Commission of the European Communities
Directorate-General Environment, Nuclear Safety and Civil Protection
Radiation Protection Division — Luxembourg

N° 1 Technical Recommendat ions for Monitoring the Exposure oOf
Individuals to External Radi/atl/on,
Luxembourg, 1976 (EUR 5287 DE/FR/EN/IT/NL)

N- 2 Organization and Operation of Radioactivity Survelllance and
Contro!l in the Vicinity of Nuclear Plants,
Luxembourg, 1975 (EUR 5176 DA/DE/FR/EN/IT/NL) (out of print)

N 3 Technical Recommendations for the Use of the Thermoluminescence
for Dosimetry in individual Monitoring for Photons and Electrons
from External Sources,

Luxembourg, 1975 (EUR 5358 DE/FR/EN/IT/NL)

N° 4 Radiation Protection Measurement - Philosophy and
Implementation. Selected papers of the International Symposium at
Aviemore (2-6 June 1974),
Luxembourg, 1975 (EUR 5397 FR/EN)

N* & Studie Uber die Radiocaktivitadt in Verbrauchsgutern
F. WACHSMANN ,
Luxembourg, 1976 (EUR 5460 DE/EN)

N° 6 Radioactive /sotopes in Occupational Health
A. FAVINO,
Luxembourg, 1976 (EUR 5524 EN)

N* 7 Problems posed by the growing use oOf consumer goods containing
radiocactive substances. Conference papers of a seminar held at
Luxembourg on 13-14 November 1975,

Luxembourg, 1976 (EUR 5601 multilingual)

N° 8 Legislation
Council Directive of 1 June 1976 laying down the revised basic
safety standards for the health protection of the general public
and workers against the dangers of ionizing radiation,
Luxembourg, 1977 (EUR 5563 DA/DE/FR/EN/IT/NL)

N° 9 Problémes relatifs a |[|‘évaluation de |['aptitude au travail

comportant un risque d’'irradiation E. STRAMB/ ,
Luxembourg, 1976 (EUR 5624 FR) (out of print)
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N° 10 Technical Recommendations for the Use of Radio-Photoluminescence
for Dosimetry in Individual Monitoring,
Luxembourg, 1976 (EUR 5655 EN)

N 11 Results of Environmental Radioactivity Measurements in the
Member States of the European Community for Air - Deposition -
Water 1973 - 1974, Mil k1972 — 1973 - 1974,

Luxembourg, 1976 (EUR 5630 DA/DE/FR/EN/IT/NL)

N° 12 Radioactive contamination levels [n the ambient medium and in
the food chain - Quadriennal report 1972 - 1975,
Luxembourg, 1976 (EUR 5441 FR/EN)

N° 13 Seminar on the radiological protection.

Problems presented by the preparation and use of pharmaceuticals
containing radioactive substances.

Luxembourg, 27 and 28 september 1976,

Luxembourg, 1977 (EUR 5734 multilingual) (out of print)

N° 14 Results of environmental radioactivity measurements in the
HMember States of the European Community for Air - Deposition -
Water - Milk 1975-1976,

Luxembourg, 1978 (EUR 5944 DA/DE/FR/EN/IT/NL)

N® 15 Results of environmental radioacti/vity measurements in the
Member States of the European Community for Air - Deposition -
Water -~ Milk 1977,

Luxembourg, 1979 (EUR 6212 DA/DE/FR/EN/IT/NL)

N°® 16 Information and training on radiation protection for trade union
representatives from the nine Member States of the European
Community - Papers presented at the third and fourth seminars on
10-11 October 1977 and 12-13 October 1978,

Luxembourg, 1979 (EUR 6264 DE/EN/FR)

(The papers presented at the first and second seminar on
information and training in radiation protection have been
published by the Directorate General for Employment and Social
Affairs in Luxembourg under the internal N° 1957/77 DE/FR/EN)

N° 17 Results of environmental radioactivity measurements in the
Member States of the European Community for Air - Deposition -
Water - Milk 1978,
Luxembourg, 1980 (EUR 6620 DA/DE/FR/EN/IT/NL)

N° 18 A critical review of nuclear accident dosimeters

B. MAJBORN
Luxembourg, 1980 (EUR 6838 EN)
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19

20

21

t22

23

24

25

26

27

28

Development and testing of the dose equivalent rate meter tandem
for beta and photon radiation to be used in radiation protection
(Entwicklung und Erprobung des Aguivalentdosis-

lelstungsmessers Tandem fiur Beta- und Photonstrahliung zur
Anwendung im Strahlenschutz)

J.BOHM, K. HOHLFELD,

Luxembourg, 1980 (EUR 6845 DE/EN)

Results of environmental radioactivity measurements in the
Member States of the European Communlty for Air - Deposition -
Water — Milk 1979

Luxembourg, 1980 (EUR 7032 DA/DE/FR/EN/IT/NL)

Legislation Council Directive of 15 July 1980 amending the
Directives laying down the basic sarfety standards for the health
protection of the general public and workers against the dangers
of ionizing radiation,

Luxembourg, 1981 (EUR 7330 DA/DE/FR/EN/IT/NL)

Results of environmental radiocactivity measurements in the Member
States of the European Community for Air -~ Deposition - Water -
M1k 1980, ‘

Luxembourg, 1982 (EUR 7639 DA/DE/FR/EN/IT/NL)

Assessment of plutonium internal contamination in man
G.F. CLEMENTE - A. DELLE SITE,
Luxembourg, 1981 (EUR 7157 EN)

Third Information Seminar on the radiation protection
dosemeter intercomparison programme

Beta /Intercomparison - Grenoble - 6 QOctober 1980,

Luxembourg, 1981 (EUR 7365 EN)

Information Seminar on the problems of applying the Directive
laying down the Euratom basic safety standards for the health
protection of the general public and workers against the dangers
of ionizing radiation - Papers presented at the seminar on 4 and
5 June 1981 Luxembourg, 1982 (EUR 8287 EN/FR)

Héthodes d'évaluation des conséequences de |’jrradiation des
populations

Rapport final 1976-71980,

Luxembourg, 1982 (EUR 8068 FR/EN)

Operational quantities for use in external radiation protection
measurements - An investigation of concepts and principles,
Luxembourg, 1982 (EUR 8346 EN)

Results of environmental radioactivity measurements in the
Hember States of the European Community for Air - Deposition -
Water — Milk 19871,

Luxembourg, 1983 (EUR 8308 DA/DE/FR/EN/IT/NL)
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29

30

3171

32

33

34

35

36

37

Environmentai Monitoring — European Interlaboratory Test Programme
for Integrating Dosemeter Systems

E. PIESCH and B. BURGKHARDT ,

Luxembourg, 1983 (EUR 8832 EN)

Photon dosimetry

Fourth Information Seminar on the radiation protection dosemeter
intercomparison programme

Bilthoven 25-27 October 1982,

Luxembourg, 1984 (EUR 9192 EN)

Radiological protection of the public in respect oOf cohsumer goods
containing radioactive substances ~ A gulde on the radioiogical
protection criteria prepared by a group of experts convened by
the Commission of the European Community,

Luxembourg, 1984 (EUR 9290 DE/EN/FR)

Radiation protection optimization

“As low As Reasonably Achfevable”, ...

Proceedings of the second European scientific seminar heid in
Luxembourg, 8 and 9 November 1983,

Luxembourg, 1984 (EUR 9173 EN)

Legislation

Counci! Directive of 3 September 1984 laying down basic measures
for the radiation protection of persons undergoing medical
examination or treatment.

Council Directive of 3 September 1984 amending Directive 80/836
Euratom as regards the basic safety standards for the health
protection of the general public and workers against the dangers
of jonizing radiation,

Luxembourg, 1985 (EUR 9728 DA/DE/EN/FR/GR/IT/NL)

Results of environmental radioactivity measurements in the
Member States of the European community for

Air - Deposition - Water — Milk 1982-1983

Luxembourg, 1985 (EUR 10235 DA/DE/EN/FR/GR/IT/NL

Héthodes d‘évaluation des conséquences de |'irradiation des
populations

Rapport final 1981-1984,

Luxembourg, 1986 (EUR 10289 FR, EN)

Occupational radiation dose statistics from Light Water power
Reactors operating in Western Europe

! .R. BROOKES, T. ENG,

Luxembourg, 1987 (EUR 10971 EN)

Radiological mass screening within the Member States of the
European Community. Regulations, Practices, Effectiveness.
Proceedings of a semjinar held in Luxembourg, 3—-4 December 1985,
Luxembourg, 1987 (EUR 11059 EN)
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39

40

T 47

42

43

44

45

© 46

47

Beta dosimetry

Fifth Information Seminar on the radiation protection dosemeter
Intercompar/son programme, Bologna 25-27 May 1987, '
Luxembourg, 1988 (EUR 11363 EN)

Problemes d’intervention médicale a mettre en oeuvre en cas de
surexposition aux rayonnements ionisants;

Actes d‘un séminaire, Luxembourg, 19-21 fevrier 1986,

Luxembourg, 1987 (EUR 11 370 FR)

Standing Conference on Health and Safety in the Nuclear Age.
First meeting : Information of the public and the media on health
protection and safety with regard to nuclear activities.
Proceedings of a conference held in Luxembourg, 5-7 October 1987,
Luxembourg 1988 (EUR 11 608 DE/FR/EN)

Intercomparison of environmental gamma dose rate meters; a
comprehensive study of cal ibration methods and field
measurements. Part | : 1984 and 1985 experiments.

Luxembourg 1989 (EUR 11 665 EN)

Methods used for fixing discharge Ilimits for radioactive
effluents from nuclear installations in the Member States; a
review and analysis,

Luxembourg, 11/1988 (Doc. XI/-3133/88 EN)

Radiological protection criteria for the recycling of materials
from the dismantl/ing of nuclear installations : recommendations
from the Group of Experts set up under the terms of Article 31 of
the Euratom Treaty,

Luxembourg, 11/1988 (Doc. X!-3134/88 EN)

Third European scientiflc seminar on radiation protection
optimization - “Advances in practical implementation” -
Proceedings of a seminar held in Madrid, 12-14 September 1988,
Luxembourg 1989 (EUR 12 469 EN)

Radiation Protection Training and |[Information for workers;
Proceedings of a seminar held in Luxembourg, 28-30 November 1988,
Luxembourg 1989 (EUR 12 177 EN/FR)

Environmental radicactivity levels in the European Community -
1984 — 1985 - 1986
Luxembourg 1989 (EUR 12254 EN)

The radiological exposure of the population of the european
community from radioactivity in North european marine waters.
Project "MARINA” A report by a group of experts convened by the
Commission of the European Communities,

Luxembourg 1990 (EUR 12 483 EN)
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Intercomparison of environmental gama dose rate meters; a
comprehensive study of callibration methods and fleld measurements.
Part |l : 1987 to 1989 experiments,

Luxembourg 1990 (EUR 12 731 EN)

Standing Conference on Health and Safety in the Nuclear Age.
Second meeting : Informing the publlc on Improvements In emergency
planning and nucl/ear accident management.

Proceedings of a conference held in Brussels, 5-6 December 1989,
Luxembourg 1990 (EUR 12 682 DE/FR/EN)

Impact radioécologique de [|'accident de Tchernoby! sur les
écosystéemes aquatiques continentaux.

L. FOULQUIER

Luxembourg, 1990 (Doc. 3522/90 FR)

Survey on Education and Training of Medical Physicists in the
countries of the European Communities with reference to the
Patient Directive (84/466/Euratom).

A. SCHMITT-HANNIG

Luxembourg, 1991 (EUR 13 298 EN)

Transfer of Radioactivity through Food Chains following the
Chernobyl! Accident: a review of the Data and their Implications
for Dose Assessment Hethodology.

P.J. COUGHTREY , A. JACKSON, C.J. BEETHAM

Luxembourg, 1991 (EUR 13436)

Comparative assessment of the environmental impact of
radionuclides during three major nuclear accidents:

Kyshtym, Windscale, Chernobyl.

Proceedings of a seminar held in Luxembourg, 1-5 October 1990,
Luxembourg, 1991 (EUR 13574) - 2 volumes

Intervention Levels and Countermeasures for Nucl/ear Accidents
Proceedings of a seminar held in Cadarache, 7-11 October 1997
Luxembourg, 1992 (EUR 14469)

Radiocesium contamination of foodstuffs in Greece following the
Chernoby! accident.

G. APOSTOLATOS, A.A. KATSANOS

Luxembourg, 1992 (Doc X/-4074)
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Further information may be obtained from:

Commission of the European Communf{ties
— Radiation Protection Division -

Mr. H. Lelllg

Centre Wagner

Rue Alcide de Gasperi

L-2920 LUXEMBOURG

Tel: (352) 4301-36383, Fax.: (352) 4301-34646
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