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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 1 incorporate values of activities not to 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-l are exempted from this 

requirement, this limit being increased to 500 Bq g-l 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 Securite Nucleaire 

(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. 

lCouncil 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 Directive2 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 

practices, for different categories of practices or sources. The competent authorities may specify 

independently a number of criteria or type specifications applicable to sources, instruments, 

containers, etc ... 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 undenaking. 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 infonnation provided. 

Such information is, for example, provided to the competent authorities on the basis of the general 

requirement of reporting. 

An essential 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 prior 

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 resulting 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 against the dangers arising from 

ionising radiation, CEC-Directorate General Xl 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 exemption 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 undenaken by IPSN, NRPB and CEPN to clarify the methodological principles of 

the exemption procedure and to establish the numerical values for the European Directive. 
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1	 Principles of Regulatory supervision in the field of ionising 

radiation 

The following paragraphs present a shon overview of these regulatory procedures with 

emphasis on the role of the reponing 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 initiation 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. Reponing proceedings are 

generally sn-aightforward. With such a procedure, practices benefit from unrestrained freedom at 

the outset and are only subsequently subjected to conn-oJ. Since the practice theoretically should 

involve only slight drawbacks and minimum risks, the observance of a few general precautionary 

measures would normally suffice to ensure that it remains completely harmless. This mayor 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 Olit 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 to formal acceptance by the authorities. With such a procedure 

practices are subjected to prior conn-ol by the authorities who can oppose their initiation or, if they 

are accepted, can impose various requirements on them concerning 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 to 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 to 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. 
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The exemption principle associates the idea of negligibility and control efficiency with the 

scope of the regUtllOry provisions. Below a cenain level of risk, the pursuance of regutltory 

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 pan of the competent authority. Such an approach conuibUles lO 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, lO focus auention on situations involving a manageable 

potential risk. 

1.5 Exclusion 

Exclusion of a subject or situation from the scope of the regUtltory provisions may be 

defined as acknowledgement of limits beyond which the tlW 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 lO any practices or intervention situations which involve a 

hazard from ionising radiation. It governs 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 Article 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 I of the Directive provides numerical values for exemption levels in terms of total 

activities or activity concentrations of radioactive substances. 

It is imporumtto 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 
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Anicle 4 are subject to the prior authorisation requirement owing mainly to - but not exclusively 

the large arrwunts of radioactive substances involved. In panicular, this is 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 concern. Such practices may include the following uses 

of radioactivity: 

surface density gauges (~ eminers)
 

testing the integrity of semiconductors and leak testing generally (eg, 85Kr)
 

in education (eg, sealed sources for demonstrating propenies of radiation)
 

technological application (eg, 63Ni in gas chromography)
 

smoke detectors (eg, 241Am)
 

research laboratories (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 I. 

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 authority 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 Vll. There are very 

few other situations where exemption from reponing 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 anicle 

3a and b is therefore merely the incorporation of naturally occurring radionuclides in consumer 

products (to 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-21O) or for their elemental propenies (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. 
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2.4	 Apparatus containing sealed sources and electrical equipment 

The exemption of radioactive substances from the requirement of reponing is based solely 

on its radioactivity content (in tenns of total activity or activity concentration) with disregard of the 

physico-chemical fonn of the substance or of its mode of fixation. Apparatus containing radioactive 

substances exceeding the quantities or concentration values specified in Annex I 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 "nonnal 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 fonn of documentation 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 nonnal 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, transpon, 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 603 (section 287 to 290): 

"There are two grounds for exempting a source or an environmental situation from 

regulalOry 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 trivial dose is much sought after. bur 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 trivial 

doses. bur for which regulation on any reasonable scale will produce little or no improvement." 
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Regarding the first approach to exemption, a 'trivial' dose could only be determined by 

comparison with social activities involving a risk". On this basis, a oivial "additional" risk would 

be in the region of 10,5, or even 10,6 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 fact 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 mitigation. 

3.2	 Dose criteria 

Generally, as in this report, exemption is expressed in terms of derived quantities such as 

activity concentrations or activities (quantities) of radionuclides which are related to the dose criteria 

by a set of defined models representing the practices being considered. 

The radiological basis for exemption from regulatory control has been reviewed by the 

lAEA4 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 pSv y'l. This recommendation has been followed. 

The lAEA 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 is 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 srudl for the exempt levels based on the individual dose criterion ranged from 

10,6 manSv to 3 10-4 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 to the area of skin in contact 

with the source, ie, a few tens of square centimetres. 

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 ICRp3. Moreover, the accompanying exempt levels are set such that even in 

pessimistic situations the dose limit for members of the public, 1 mSv y'1, would not be exceeded. 

The dose criteria used in the study are given in Table 1. 

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

....Unless otherwise stated, in this paper the term dose refers to effective dose as defined in ICRP 
Publication 603. 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 BoardS. 
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3.3	 Choice of radionuclides and physical fonn 

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 current.ly having 

actual or potential uses. Each of these radionuclides was identified as being used in one or more 

of the following physical fonns: gas/vapour, liquid/solution, dispersible solid (eg, powder), non

dispersible solid, thin film/foil and sealed source/capsule. The likely physical fonns of those 

radionuclides for which no current use was identified were detennined by consideration of the 

physical and chemical propenies of the element in question. 

The types of situations and applications in which the various physical fonns are 

encountered include the following: 

(i)	 Gaseous radionuclides such as 85Kr 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 fonn, 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. 

(ii)	 Many radionuclides are used in the fonn of liquid solutions, in a wide range of 

applications. Examples include the use of 99rnTc in diagnostic nuclear medicine and 32p 

in biochemical research. Occupational exposure may occur as a result of handling 

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 fonn of dispersible solids in a variety of ways such as, for 

example, fmely divided process materials containing isotopes of the natural radioactive 

elements uranium and thorium. Almost all the radionuclides considered in the study could 

potentially be present in the fonn of dispersible solid low level wastes. In the case of 

natural radionuclides, exposure pathways arising from non-dispersible solid fonns were also 

considered. 

(iv)	 Sealed radioactive sources are commonly prepared in two fonns: either a thin film, usually 

fixed on a carrier substrate, examples include 241 Am sources used in ionisation chamber 

smoke detectors and 63Ni sources in some gas chromatographs; or as an encapsulated pellet 

or similar. The latter method of construction is very commonly used for gamma emitting 

radionuclides such as 137Cs and 6OCo. 

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 calculations. The daughters considered have half-lives 

sufficiently shon, relative to their parents that secular equilibriwn would be likely to be established 

within the timescales considered in the exposure scenarios. 

Two special decay sequences have also been included consisting of 238U and 232Th each 

in secular equilibrium with all their decay produces (these sequences occur in nature). These are 

referred to in this report as 238Ur-; and 232rh}i

7 



3.4	 Scenarios and models 

The scope of this study was to consider the doses arising from the use, misuse and disposal 

of radioactive materials and then to compare the resulting doses with the appropriate 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 eXJXJsure pathways were identified as 

the most relevant following consultation with European experts and a review of existing 

calculations6,7.8. The three scenarios are normal use (workplace), accidental (workplace) and 

disposaJ to 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 scenarios 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 etc, in the manner for which they are intended, and involves external exposure 

and inadvenent intakes of radioactive materials. 

EXJXJsures 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 

to exposures via a range of external, inhalation and ingestion pathways. 

(c)	 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 eXJXJsures 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. 
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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 obtained for an activity 

concentration of 1 Bq g-l and an activity of 1 Bq. It is assumed Lhat Lhe total inventory of 

radioactive substances in the considered entity at any time remains 1 Bq g-l or 1 Bq. This is a 

conservative assumption since in Lhe case of shon-lived nuclides, the average inventory will be much 

smaller. The two sets of scenarios used to calculate doses from unit activity levels and unit activity 

concentration levels are illustrated in more detail in Figures 2 and 3. 

FIgure 2 shows that an activity of 1 Bq is represented by a single source of a fonn 

described in section 3.3. This source remains undiluted for exposures from Nonnal 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 wiLh the source which is asswned to be diluted for Lhe external pathway 

and undiluted for Lhe ingestion, inhalation and skin exposure pathways. 

In Lhe unit activity concentration calculations (Figure 3), Lhe source is assumed to remain 

undiluted for Nonnal Use (workplace) and for one of Lhe Disposal (public) paLhways (ingestion), 

and to be diluted for Lhe oLher Disposal (public) pathways (external and inhalation). 

The generic fonnula used to calculate doses is as follows: 

D = (A or C) f T R U s Sv y"l 

The term D is Lhe equivalent dose for skin doses, Lhe effective dose for whole body doses 

or committed effective dose for intakes of radionuclides. 

The tenns A and C are the activity (1 Bq) or activity concentration (1 Bq g-I) respectively. 

The tenns f, T, U and s are all scenario dependent parameters whose values are given in 

Appendix A. 

The tenn R is Lhe radionuclide dependent parameter, for which values are given in 

Appendix B. 

The tenn f is the fraction of A or C which contributes to Lhe 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 Lhis 

parameter but it will vary with each situation, and may be difficult to predict 

The tenn T is the time for which an individual is exposed to the source, (h y-I). The 

exposure time taken is generally realistic, for example, in Lhe Accident (workplace) scenario, it is 

assumed that an individual is exposed for 10 minutes before decontamination takes place. 

The factor U is intended to conven A or C into units consistent with those of the dose 

factor, R. This conversion depends on the physical properties of Lhe source, eg, mass, surface area 

and Lhe fonn 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 10-2 per 

year; this assumption is discussed in more detail in Appendix C. Briefly, it ensures that, even if the 

event occurs, Lhe 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 tenned average annual 

doses and are the product of Lhe dose if it occurs and the annual probability that it will occur. 
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The tenn R is the radionuclidc dependent dose factor, for a given pathway and the values 

are given in Appendix B. This factor 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 m3 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 xempt eve or eac scenano = ---;

Dose per unit activity (Bq) or activity concentration (Bq g -1) 
E 1 J f h 

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 

3 loX and 3 10"+1, then the rounded exemption level is 10,,+1. For example, 6 107 would be 

rounded up to 108 whereas 2 105 would be rounded down to 105. 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 1 103 Bq for most 

a-emitting actinides, 1 l09 Bq for 3H and 53Mn, which are low energy ~-eminers and even up to 

1 1012 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 

exemption 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 a-emitting actinides to 1 106 Bq g-l for 3H and 37AT. 

For the majority of radionuclides the exemption concentrations 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 37AT) are due to external doses from standing close to a gas bottle. 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 is not exceeded. 

These exemption values should be distinguished from clearance levels. The latter apply 

to radioactive substances already under reporting, registration or licensing that are for instance 

cleared for release. 

Application of the rounded levels is expected to result in effective doses to the critical 

group of no more than around 10 J.lSv 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 situations 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 J.lg m-3 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-3 which is verging on an intolerably dusty aunosphere. 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 5) 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 for 
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 equilibrium 

Parent Daughters included In secular equilibnum 

5r-80+ 

5r-90+ 

2r-93+ 

2r-97+ 

Ru-106+ 

Ag-108m+ 

Cs-137+ 

Ce-134+ 

Ce-144+ 

Ba-140+ 

8i-212+ 

Pb-210+ 

Pb-212+ 

Rn-220+ 

Rn-222+ 

Ra-223+ 

Ra-224+ 

Ra-226+ 

Ra-228+ 

Th-226+ 

Th-228+ 

Th-229+ 

Th-232 N 

Th-234+ 

U-230+ 

U-232+ 

U-235+ 

U-238+ 

U-238 N 

U-240+ 

Np-237+ 

Am-242m+ 

Am-243+ 

Rb-80 

Y-90 

Nb-93m 

Nb-97 

Rh-106 

Ag-108 

Ba-137m 

La-l34 

Pr-144 

La-140 

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

8i-210, Po-210 

Bi-212, Tl-208 (.36), Po-212 (64) 

Po-216 

Po-218, Pb-214, Bi-214, Po-214 

Rn-219, Po-215, Pb-211, Bi-211, Tl-207 

Rn-220, Po-216, Pb-212, 8i-212, Tl-208 (.36), Po-212 (.54) 

Rn-222, Po-218, Pb-214, 8i-214, Po-214, Pb-21 0, 8i-210, Po-210 

Ac-228 

Ra-222, Rn-218, Po-214 

Ra-224, Rn-220, Po-215, Pb-212, 8i-212, TI-208 (.35), Po-212 (.64) 

Ra-225, Ac-225, Fr-221, AI-217, 8i-213, Po-213, Pb-209 

Ra-228, Ac-228, Th-228, Ra-224, Rn-220, Po-215, Pb-212, 8i-212, TI-208 (.36), Po-212 (.64) 

Pa-234m 

Th-225, Ra-222, Rn-218, Po-214 

Th-228, Ra-224, Rn-220, Po-215, Pb-212, Bi-212, TI-208 (.36), Po-212 (.54) 

Th-231 

Th-234, Pa-234m 

Th-234 , Pa-234m, U-234, Th-230, Ra-225, Rn-222, Po-218, Pb-214, 8i-214, Po-214, Pb-210, 8i-210, Po-210 

Np-240m 

Pa-233 

Am-242 

Np-239 
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TABLE 3 List of exposure scenarios and pathways considered In 
calculations of doses 

A ACTIVITY CONCENTRAnON 

A1 Normal use (workplace) scenario: 

A1.1 External exposure from handling a source 

A1.2 External exposure from a 1 m3 source 

A1.3 External exposure from a gas bottle 

A1.4 Inhalation of dusts 

A1.5 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 

A3.3 Ingestion of an object from a landfill site 

8 ACTIVITIES/QUANTITIES 

81 Normal use (workplace) scenario: 

81.1 External exposure from a point source 

81.2 External exposure from handling a source 

82 Accidental (workplace) scenario: 

82.1 Spillage: External exposure from contaminated hands 

82.2 Spillage. External exposure from contaminated face 

82.3 Spillage: External exposure from contaminated surface 

824 Spillage: Ingestion from hands 

82.5 Spillage: Inhalation of resuspended activity 

82.6 Spillage: External dose from aerosol or dust cloud 

82.7 Fire: Contamination of skin 

82.8 Fire: Inhalation of dust or volatiles 

82.9 Fire: External from combustion products 

83 Disposal (public) scenario: 

83.1 External exposure from a landfill site 

83.2 Inhalation from a landfill site 

83.3 External exposure to skin from handling an object from a landfill site 

83.4 Ingestion of an object from a landfill site 
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N.n.DE ACTMTY 
CCN:EN'TRA"OON lOG 

CRIl'l::AL PATtfflAY 
FOR EXEMPT ACT1I/l'T)' 

CXJN:ENTRATON 

ACTMTYBO CRIl'l::AL PATtfflAY 
FOREXaIFT 

ACTMTY 

H-3 5.S6E+05 Hi ACC{P) 5.!iOE..oe HiACC(P) 

Be-7 3.37E4? EXT(W) 1JtlE..a7 EXT(W) 

e-,,, 1.7'8E...04 Hi ACC(P) 1.77E..a7 NiACC(P) 

0.15 1D9E4? EXTG('N) 1.D7£..oo EXT N:;(';ffN) 

F-1S Ul3E..o1 EXT(W) S2DE+05 EXT(W) 

Na-22 7.61E..oo EXT(W) SA2E+05 EXT(W) 

N&-24 4.04E..oo EXT(W) 2.11E+05 EXT(W) 

"&-31 1.3SE..03 EXT(W) S.Q2E+05 SI<N:W) 

P-32 Q.2IlE4? EXT(W) 2.51E+05 SKN(W) 

'PJ3 4.me..04 HiACC(P) 4.«£..a7 NiACC(P) 

~ S,33E..04 NiACC(P) 3.2lilE..a7 NiACC(P) 

Cl-36 1.26E..03 EXT(W) 1.eaE..oe SI<N:W) 

'Cl-38 1D1E..o1 EXT(W) e.1ZE..04 SI<N:W) 

At~ 4J19E+05 EXTG('N) 1.18E..oe SI<N:W) 

At...1 8.ll8E..o1 EXTG(W) 8.S8E..oe EXT N::Cf(W) 

't<~ 1.o1E4? EXT(W) 7.54E+05 EXT(W) 

K-42 4.12£..01 EXT(W) 3.17E+05 EXT(W) 

't<~ 1.72E..o1 EXT(W) 5.e6E+05 EXT(W) 

Ce-45 1.12£..04 HiACC(P) 1.11E..a7 NiACC(P) 

c..47 157E..o1 EXT(W) 5.1SE+05 EXT(W) 

~ 1.29E..oo EXT(W) 4.see+05 EXT(W) 

"Sc>47 1..54E4? EXT(W) 22liIE..oe EXT(W) 

"So-48 4gn:..oo EXT(W) 2.51E+05 EXT(W) 

'V~ 1.63E..o1 EXT(W) 1.71£+05 ~ 

0'-51 5,2gE4? EXT(W) U7E..oe ~ 

~S1 1,&1E..o1 EXT(W) 1.36E+05 SKN(W) 

~S2 4..84E..oo EXT(W) 2.8SE+05 EXT(W) 

~52m e.73E..oo EXT(W) e.17E..04 ~ 

~S3 1.1 6lE ..04 EXT(W) U1E..oe NiACC(P) 

~S4 Ullle..o1 EXT(W) 1.11E+06 EXT(W) 

~56 e.7OE..oo EXT(W) 1S1E+05 SKN(W) 

~ 2.2SE..o1 EXT(W) 127E..oe EXT(W) 

~ 2.5OE-+04 NiACC(P) e.2SE+05 SKN(W) 

~ 1AOE..o1 EXT(W) 7.SIE+05 EXT(W) 

'Co-S5 a.3SE..oo EXT(W) s.11E+05 EXT(W) 
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Nl.ClDE ACTMTY 
cx:JIaNTRATDN EO'3 

CRfT1CAL PATHWAY 
FOR EXEMPT ..... "V 
~TON 

1CfMTYEIQ CRrrr.Al PATHWAY 
FOREXaPT 

ACTMTY 

Ck56 ·Ul8E.oo EXTrNJ 2ll8E+05 EXTrNJ 

Ck57 1.33E+02 EXTrNJ 2.5OE+05 9<I'4(W) 

Co-58 1.7OE~1 EXTrNJ 8.HIE+05 EXT(W) 

~sam a.16E0+00 EXTrNJ 1.S7E+05 9<I'4(W) 

Co-6O e.64E.oo EXTrNJ 8.31E~ 6KN(W) 

"Co«)n 2.34Eo+OO EXT(W) 1.0:+05 ~ 

~1 1.72£+02 EXTrNJ emE+05 9<I'4(W) 

"Co-62m 6.ClSE.oo EXTrNJ 1.a2E+05 9<N(W) 

'N·59 e.89Eo+OO EXTrNJ 1.33E..al H3ACC(P') 

~ S.26E..04 H3ACC(P') 4..83E+07 H3ACC(P') 

~ 2.Sl6E~1 EXTrNJ S.osE+05 9<N(W) 

Co-64 8.71E~1 EXTrNJ 2.1SlE+05 EXT(W) 

Zn-6S 2.B7E~1 EXTrNJ 1.!i8E+05 EXT(W) 

.~ 7..63E0+00 EXTrNJ 1.30E+05 EXT(W) 

Zn-«lm 4.o1E~1 EXT(W) 227E+05 EXT(W) 

G&-72 6.2OE.oo EXTrNJ 2.5OE+05 EXT(W) 

"Ge-71 3.98E0+00 EXTrNJ 2.26E..al EXT(W) 

·As-73 1..D2E0+00 EXTrNJ 7.2<4E+05 EXT(W) 

1U-74 2.19E~1 EXTrNJ 7.41E+05 EXT(W) 

·As-76 S.4!iE~1 EXTrNJ 1.Dl!E+05 9<I'4(W) 

·lU-n 1.74£:0+00 EXTrNJ UlliE+05 9<N(W) 

Se-?S 4.29E~1 EXTrNJ 2.31E+05 EXT(W) 

&~ 8.34E.oo EXTrNJ S27E+05 EXT(W) 

"Kr·74 8.!l6EotC'I EXTG(Wl 8.S2E..ae EXTNXF{WJ 

"Kr·76 2.S8E+02 EXTG(Vt'l 2.!i6E+OIl EXTNXF{WJ 

"Kr·n 1.10E+02 EXTG(Vt'l 1.Dl!E+OIl EXT N::t::F(W) 

"Kr.7'Q 4.34C+02 EXTG(Wl 1.11210+05 9<N(W) 

"Kr~1 8.~0+00 EXTG(Vt'l s.53E+05 9<N(W) 

"Kr-br! 4.15E~ EXTG(Vt'l S....11 EXT N::t::F(W) 

Kr-85 5.24E..04 EXTG(Wl 5.DCE0+00 SKH(W) 

"Kr4l5m 7.D3E+02 EXTG(Vt'l e.asc+Oll EXTNXF{WJ 

"Kr-87 ,..1E+02 EXTG(Vt'l 1.37E+OIl EXT N::t::F(W) 

"Kr~ s.,geotC'l EXTG(Vt'l S.7E..al EXT N::t::F(W) 

RI>86 1.51 E+02 EXTrNJ 2.7E+05 9<N(W) 

Sr-85 S.2I6E~1 EXTrNJ 1.77E+05 EXT(W) 

17
 



~ ACTMTY 
c::c:N::ENTRATDN 8:)G 

CRrrr.AL PATHWAY 
FOR EXEWT ~ IIVII T 

CXlN':ENTRATON 

ICmIlYBO CRrrr.AL PATHWAY 
FOR EXEMPT 

ACTMTY 

Sr-8Sm 7081 E-Kl1 EXT(W) • ..s1E.oo EXT"(W) 

Sr-87m 521E-Kl1 EXT(W) 2.1&:.00 EXT"(W) 

Sr-39 1.34E..03 EXT(W) 3.44E..05 ~ 

Sr·oo. 1.58E..Q2 EXT(W) 5Jl8E..03 SKN(W) 

"Sr·91 2.3SE-Kl1 EXT(W) 2.67£..05 SKN(W) 

"Sr.Q2 12~-Kl1 EXT(W) 52lilE..05 EXT"(W) 

Y..go .2~..Q2 EXT(W) 1a£..05 SKN(W) 

"Y-91 Q.71E..Q2 EXT(W) 3~..05 SKN(W) 

"Y-91m 3.1~-Kl1 EXT(W) 1.7SE.oo EXT"(W) 

"Y..Q2 • .36E-Kl1 EXT(W) UI5E-+04 SKN(W) 

"Y.Q3 1.mE..Q2 EXT(W) Q.77£-+04 ~ 

'Zr~ 22OE..03 N1Wl 3.;ec.oo N-l~ 

Zr·QS 2.25E-Kl1 EXT(W) 1.16E.oo EXT"(W) 

7J.ff7. 1.SI6E-Kl1 EXT(W) 2.36E..05 SKN(W) 

"Nb-93m UBE..03 EXT(W) 2.S5E+fJ7 N-l N:;CF(W) 

"Nb-94 1.osE-Kl1 EXT(W) 5."1E..05 EXT"(W) 

~ 2.18E-Kl1 EXT(W) 1.2:£.00 EXT"(W) 

"Nb-ff7 2.S3E-Kl1 EXT(W) •.71E..05 SKN(W) 

"Nb-98 6.7'6E..oo EXT(W) 1.32£..05 SKN(W) 

'tob-5lO 2.QZE-Kl1 EXT(W) 7.7<4E..05 EXT"(W) 

'tob-;3 1JiSE..a3 EXT(W) 3.7IlE+fJ7 N3ACC(P) 

M:Hl9 1.D7E..Q2 EXT(W) USE..05 EXT"(W) 

'tob-101 1.2SE-Kl1 EXT(W) l!.11E..05 SKN(W) 

~c-Q6 6.89E..oo EXT(W) 3.7IlE..05 EXT"(W) 

~c;.96m S.26E..Q2 EXT(W) 1JlSE+fJ7 EXT"(W) 

~~ 1A6E..a3 EXT(W) 1.2lE+fJ7 EXT"(W) 

~e>Wm 1S7E..a3 EXT(W) 5.13:.00 SKN(W) 

~0-Q9 1Ali1E-+04 N3ACC(P) 1.44E+fJ7 N3ACC(P) 

1Te-e9m 1.32E..Q2 EXT(Yrj 7.37E.oo EXT"(W) 

"RlMl7 6mE..tl1 EXT(W) U6E.oo EXT"(W) 

RiJ.103 3.S4EM EXT(W) 2.02E.oo EXT"(W) 

"Rv-1OS 2.13EM EXT(Yrj 5.•1E..05 EXT"(W) 

RiJ.106+ • .acE..tl1 EXT(W) 1D1E..05 SKN(W) 

"Rr-103m Q.S1E..a3 EXT(W) e.2SE+fJ7 SKN(W) 

"Rr-1OS 2.1~..Q2 EXT(W) 3.10E.oo EXT"(W) 

18
 



~ ACTMTY 
CCtCENTRATDN OC)G 

CRITCAL PATl-NWAY 
FOR EXEMPT J'II..-IIVIJ T 

OJN:CNmATON 

N:TMTYBO CRITCAL PA1HWAY 
FOREXEWT 

ACTIVT'rl' 

"PO-103 1.1Sf..a3 EXTrN) 3.31E+07 NiACC(Pl 

OP~109 U.77E+02 EXTrN) 7.41E+05 ~ 

*~1OS 3.1SIE+01 EXTrN) 1J1OE+06 EXT(W) 

*AgHI8m.. 1.o2E+01 EXTrN) 5.45E+05 EXT(W) 

~11(Jn e!l8E..oo EXTrN) 3.16E+05 EXT(W) 

~111 S58E+02 EXTrN) 1.1E+06 EXTrN) 

Cd-109 334E..a3 EXTrN) 5JI8E+05 ~ 

*Cd-115 7.13E+01 EXTrN) 1.mE+06 EXT(W) 

*Cd-115m 4.7OE+02 EXTrN) 3.21:£+05 ~ 

n.111 4.32E+01 EXTrN) 2.00E+06 EXT(W) 

n.11~ U7E+01 EXTrN) 1A8E+06 EXT(W) 

"n.114m 1.72E+02 EXTrN) 1.53E+06 NiACC(Pl 

"n.115m 1mE+02 EXTrN) 1.i4E+06 EXT(W) 

-sn-113 7.2OE+02 EXTrN) 8.17E+06 NiACC(Pl 

-sn-125 4.93E+01 EXTrN) 1Jl8E+05 SKN(W) 

&>.122 3.7OE+01 EXTrN) 1..DllE+04 ~ 

&>.124 U.2OE..oo EXTrN) 3.7E+05 EXT(W) 

Slr125 3.sl9E+01 EXTrN) 1.88E+06 EXTrN) 

rr.123m 1.12£+02 EXTrN) e.2SC+06 EXT(W) 

rr.12Sm 1A6E..a3 EXTrN) 5.5EiE+06 ~ 

'1'.127 2-'I8E..a3 EXTrN) 1.&+06 ~ 

rr.121m U1E..a3 EXT(W) • .o;E+06 NiACC(P) 

'1'.129 2.44E+02 EXTrN) • .o;E+05 ~ 

rr.129m • .2I5E+02 EXT(W) 222£+06 ~ 

'1'.131 U4E+01 EXT(W) 2.~+05 ~ 

rr.131m 1.22E+01 EXT(W) emE+05 EXT(W) 

T.132 7.23E+01 EXTrN) 3.SOE+06 NiACC(P) 

'1'.133 1.7SC+01 EXT(W) 1.7:£+05 ~ 

rr.1:Dri 7.2I5E..oo EXTrN) 2.01E+05 ~ 

'1'.134 1.I18E+01 EXT(W) e.soE+05 EXT(W) 

1-123 1.13E..02 EXTrN) • .57E+06 EXT(W) 

1-125 SJl6E..02 EXT(W) e.7QE+05 NiACC(P) 

"126 3.S5E+01 EXT(W) a.44E+05 NiACC(P) 

"129 Sl..ailE+01 NiACC(p) 8.04E+04 NiACC(P) 

"130 7..B2E..oo EXTrN) ~+05 EXT(W) 
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PIl.CLDE ACTMTY 
cc:N:EN'TRATON ElQ(i 

CRrn:AL PATl-M'AY 
FOR EXEWT ,...., IIVII T 

CClt-CENTRATON 

N:TNrTYB'J CRrn:AL PI.Tl-M'AY 
FOREXEWT 

ACTMTY 

~'31 5.38E..o1 EXTrN! .JI2£..a; H3ACC(P') 

~'32 7A2E+OO ElCTrN! 2.I6E..a; EXTrN! 

"133 2.7SE..o, EXTrN! UllE..a; EXTrN! 

,.1304 USE+OO ElCTrN! 2.1~..a; SKN(W) 

"135 1mE..o, ElCTrN! 3.SI5E..a; EXTrN! 

-x.131m S55E+03 EXTG(W) 8.64E+03 SKN(W) 

X&-133 2.'1E+03 EXTG(W) Q.16E+03 SKN(W) 

-x.135 •..aE~ EXTG(W) • .3llE+09 EXT 1C:;f(W) 

'Cs-129 5.a3E..o1 ElCTrN! 191E..a; SKN(W) 

C6-131 731E~ ElCTrN! .,33E..a; SKN(W) 

"C&-132 2.37E..o1 ElCTrN! u2E..a; SKN(W) 

'Cs-134m e."E~ ElCTrN! • .29E-+04 SKN(W) 

C&-1304 1mE..o1 ElCTrN! 2.52£-+04 SKN(W) 

"C&-135 5.26E+03 N:i ACC(P') 5.23E4 N:iACC(P') 

'Cs-136 7.7SE+OO ElCTrN! 5.alE-+04 SKN(W) 

Ce-137... 2.Ii5E..o1 ElCTrN! 2.36E-+04 SKN(W) 

'C6-138 e.sl8E+OO EXTrN! 3.Q4E+03 SKN(W) 

"8&-131 3.67E..o, ElCTrN! 2.08E4 EXTrN! 

Ba-140+ e.62E+OO ElCTrN! 1.s1E..a; SKN(W) 

~140 7.HIE+OO ElCTrN! 2.71E..a; EXTrN! 

c.139 1.QSE~ EXTrN! 1.11E4 ~ 

CA1.1 2.17E~ ElCTrN! 3.78E4 EXTrN! 

-ce143 5.86E+01 ElCTrN! e.85E..a; SKN(W) 

c.144+ 1.18E~ EXTrN! 1.11iE..a; SKN(W) 

"Pr·1.2 1mE~ ElCTrN! 1,Sl15E..a; SKN(W) 

Pr·143 5.26E+03 N:iACC(F) 1.2E£4 SKN(W) 

~147 1.18E~ EXTrN! 157E4 EXTrN! 

~1G • .34E..o, EXTrN! .Jl2E..a; ~ 

Prn-1.7 1ASIE-+04 ~ 1.85E.ul KiACC(P') 

"Pm-149 1.1.c+03 EXTrN! 1.1:£4 EXT(W) 

"Sm-1S1 2.Q3E-+04 ~ • .mE.ul HiN::;C1=fW) 

"Sm-153 2.e6E~ EXT(W) 1Jl2E4 EXT(W) 

e.r.r152 1Ao4E..o1 EXTrN! 7.11iE..a; EXT(W) 

~1S2m 557£..01 EXTrN! s.<&a:..a; ~ 

e.r.r154 1.34E..o1 EXTrN! UllE..a; EXT(W) 
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ruA..DE ACTMTY 
CCH:ENTRAnoN 90<2 

CRrTlCAJ.. PATHWAY 
FOO EXEWT 1'ftJ IVII 

c:oN::EN"TR6.TON 

ACTh'rTY B:l CRrTlCAJ.. PATHWAY 
FOREXEWT 

ACTMTY 

~155 2.84E~ EXT(W) 1.82£..07 EXT(W) 

'GO-153 1.58E~ EXT(W) U8E+06 EXT(W) 

'GO-159 3.23E~ EXT(W) 1.25lE+06 EXT(W) 

"Th-1l1) 1A9E+C1 EXT(W) 1I."7E.05 EXT(W) 

"Oy-165 5.31E~ EXT(W) U1E.05 SKN(W) 

"Oy-1116 4.o7E~ EXT(W) 2.77E+06 EXT(W) 

-..0-1116 3..5QE~ EXT(W) 2.71E.05 SKN(W) 

Er-1flS U1E+04 N:>ACC(P) 1.71E..07 N:>ACC(P) 

'£r-171 4.35.E+C1 EXT(W) 7.14E.05 EXT(W) 

Tm-170 U16E43 EXT(W) 12!iE+06 EXT(W) 

'Tm-171 2.01E+04 EXT(W) 5.10E..07 N:>ACC(P) 

"YI>-17S 4.17E~ EXT(W) 3.3:£+06 EXT(W) 

'llJ-177 521E~ EXT(W) . S..D2E+06 SKN(W) 

'HI-1S1 3.ooE+C1 EXT(W) 1.oa:+06 EXT(W) 

1.182 1.29E+C1 EXT(W) 1.mlE+04 SKN(W) 

-W-1S1 4.12E~ EXT(W) U4.E..07 EXT(W) 

W-185 1.2OE+04 N:>ACC(P) 3.52E+06 SKN(W) 

-W-187 3.47E+C1 EXT(W) 8.04E.05 EXT(W) 

'*'186 71EE~ EXT(W) 1.&4C+06 SKN(W) 

",*"188 2.06E~ EXT(W) 2.10E.05 SKN(W) 

"Ot-185 2.32E+C1 EXT(W) 1.25lE+06 EXT(W) 

"Ot-1~ 2.O'IE~ EXT(W) 1.13E..07 N3ACC(P) 

"'Orr191m 1.7'QE43 EXT(W) U4E+06 SKN(W) 

"Ot- 1S13 2.17E~ EXT(W) 1.041:+06 EXT(W) 

"'-1110 U&E+C1 EXT(W) UE.05 EXT(W) 

k'-11l2 2.D3E+C1 EXT(W) 2.ZIE+04 SKN(W) 

"'-1~ 1A4E~ EXT(W) 1.84E.05 SKN(W) 

"PI-1~ 5S3E+C1 EXT(W) 2.2SE+06 EXT(W) 

"PI-1;3m 1.26E..03 EXT(W) S.2SE+06 SKN(W) 

"PI-1;7 1I.5E~ EXT(W) 1.7'IIE+06 SKN(W) 

"PI-1Q7m 1JlllE~ EXT(W) 1.11£+06 EXT(W) 

AlrlllB 4.10E+C1 EXT(W) 7.74E.05 EXT(W) 

°Alr1l19 1Jl7E~ EXT(W) 2.11:£+06 EXT(W) 

~1;7 2.38E~ EXT(W) 4.A4E+06 EXT(W) 

~1Q7m 1.7IlE~ EXT(W) 1.1llE+06 EXT(W) 
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N..Q.DE ACTMTY 
c:x:N::ENTRATON OC)G 

CRTTr.AL PATl-fNAY 
FOR EXEWT....., IY 

e:x::tCENTRATON 

ACTMTYOO CRTTr.AL PAnfflAY 
FOREXaf'T 

N::TMTY 

~200 7.Q2£.o1 EXT(W) 1.7SE..ai ~ 

'Tl-200 125lE.o1 EXT(W) 731E..ai EXT(W) 

11-201 1.as.E..02 EXT(W) S.DC£..ai ~ 

'Tl-202 3.57E.o1 EXT(W) 2.02E+OO EXT(W) 

11-204 1.09E..m EXT(W) 1.7SE.04 ~ 

"f'b.203 5.34E.o1 EXT(W) 2.3:£+00 EXT(W) 

flb.210+ 521E..oo N>ACC(P) 5.1(£..m N>ACC(P) 

"f't>.212.. 1.osE.o1 EXT(W) 1J1BE..ai SKN(W) 

&-2Q; 5.13E..oo EXT(W) 2m:..ai EXT(W) 

'&-207 1~.o1 EXT(W) 5.36E..ai EXT(W) 

'&-210 1A2E..m N-(W) Q.s1E..ai SKN(W) 

'&-212.. 1.1BE.o1 EXT(W) 2.21E..ai SKN(W) 

'Po-200 1.Q2E.o1 EXT(W) 4.!6E..ai EXT(W) 

'Po-205 1.o8E.o1 EXT(W) SJIllE..ai EXT(W) 

'Po-207 1.2J5E.o1 EXT(W) eElE..ai EXT(W) 

Po-210 Ul1E.o1 N:iACC(p) 157E.04 N>ACC(P) 

·1u-211 3-'l5E..02 EXT(W) 7MiE+OO Hi~ 

~220-+ 3.44E..m N-(W) 5.CME+OO Hi N::t:;FfN) 

Rr.-222.. Q.52E..oo EXT(W) 3S£~ HiN::t:ffNJ 

,.223. 3Jl9E.o1 N-(W) e.84E.04 N>ACC(P) 

,.224+ UBE..oo EXT(W) 1.2CE..ai N>ACC(P) 

,.225 7.osE.o1 N-(W) 1D1E..ai Hi N::t:;FfN) 

Rlr226+ 4.tr7E..oo N>ACC(P) 4.54E..m N>ACC(P) 

"Ra-2Tl Q.74E.o1 EXT(W) 737E..ai ~ 

,.22.8-. 1.52E.o1 EXT(W) 1.S5E.04 N>ACC(P) 

.Ao-22B 1.77E..01 EXT(W) 5.Z1E..ai EXT(W) 

~226+ a.5E+02 EXT(W) 157E~ EXT(W) 

~2Tl 4.18E..oo N-(W) 6.7'llE..m Hi1lfXS'(W) 

Th-Z2.8+ 1.5OE..oo N-(W) 8.7!E..oo HiACC(P) 

~Z5.- 421EoC1 N-(W) UGE+02 Hi1lfXS'(W) 

ThZiO 2.Q4E..oo N-(W) 1.1eE.04 HiACC(P) 

~Z31 e.s2E+02 N-(W) 2.!I3E~ EXT(W) 

Th-232N I.GE~1 N-(W) 1.55E..m N>ACC(P) 

~234+ 3.11E..02 EXT(W) 1J1SE..ai SKN(W) 

~230 2.42£.01 EXT(W) 5.17E..ai Hi~(W) 
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M.O..DE ACTMTY 
CCH::ENTRAllON BCXi 

CRrn::Al.. PAnMJAY 
FOR EXEMPT N.- I IVII T 

c::oN::ENTRATON 

N::TPIrTY BO CRfTl:AL. PA'THWAY 
FOREXaf'T 

ACTMTY 

OPa-231 1.81 EoC1 H-(W) 1.HlE..oo Hi N:J::;ffNJ 

"Pa-233 I.HIE~1 EXT(W) S.11lE..06 EXT(W) 

'lJ.ZJ:;.. 2.78E~1 H-(W) UlIE-t04 Hi~ 

'lJ.231 2.03E+02 EXT(W) 431lE..06 EXT(W) 

'lJ.232+ 554EoC1 H-(W) 7.&+02 Hi~ 

'lJ.233 4.17E+OO H-(W) UOE..oo Hi N:J::;ffNJ 

~234 4.25lE+OO H-(W) 2.S7E-t04 HiACC(P} 

'lJ.235+ 4.341:+00 H-(W) 1.11E..oo Hi~ 

'lJ.236 4.55E+OO H-(W) 1.11E..oo Hi~ 

'lJ.Z37 1.17E+02 EXT(W) 1.I6E..06 EXT(W) 

~238+ 4.7'6E+OO H-(W) 2.&4E-t04 HiACC(P} 

~238N 1Jl3E+OO H-(W) 2.S7E..oo ~ 

'lJ.239 3.lXlE+02 EXT(W) 8.D3E.os EXT(W) 

'lJ.24O 2.13E..oo EXT(W) 7Jll1E..06 ~ 

'lJ.240. 1.2SE~1 EXT(W) 3.41E.os ~ 

~Z37+ 1.!7E+OO H-(W) 2.58E+03 Hi N:J::;ffNJ 

~239 8.65E~1 EXT(W) 3.CMC..06 EXT(W) 

~240 1.26E~1 EXT(W) 4.62£.os EXT(W) 

"PIi-234 2.41E+02 EXT(W) 1.311E.a7 EXT(W) 

"PIi-235 1.77E+02 EXT(W) 1.ooE.a7 EXT(W} 

"PIi-236 5.17E+OO H-(W) UI5E+03 Hi~ 

"PIi-237 3.18E+02 EXT(W) 1.aoe.a7 EXT(W} 

PlrZ38 2.42£+00 H-(W) 1.&+03 HiN:;C{P) 

Plr239 221E+OO H-(W) 1.DlIE+03 HiACC(P} 

"PIr240 221E+OO H-(W) 2JlSE+03 Hi~ 

"PIr241 1.1SE+02 H-(W) 1.5l5E.os Hi~ 

"PIi-242 231E+OO H-(W) So10E+03 Hi~ 

"PIi-243 aA5E+02 EXT(W) 3.S£..06 EXT(W} 

"PIi-2404 2.34E+OO H-(W) S.15E+03 Hi~ 

Am-241 2.14E+OO H-(W) 7.I7E+03 HiN:;C{P) 

·Am-242 1.31E+02 EXT(W) s.ooe..06 ~ 

·Am-20'H 223E+OO H-(W) 3.01E+03 Hi~ 

·Am-243+ 2.D8E+OO H-(W) 2.IIlE+03 Hi N:J::;ffNJ 

"Qn.242 427E~1 H-(W) S.7'IiE-t04 HiN:Cf{W) 

"Qn.243 2.89E+OO H-(W) 4.11E+03 HiN:Cf{W) 
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N...a..DE /lCTrvrTY 
CCN:ENTRAinN E!C)G 

CRTT'CAL PAnM'AY 
FOR EXEMPT -... 

COfICENTRATDN 

ACTh'rTYBO CRTT'CAL PAll-NIAY 
FOREXaf'T 

ACTMTY 

Cm-244 3.7SE..oo ~ 1.3QE,.(lol N-INX(P) 

"Cm-245 2.05E..oo ~ 2.IOE.ro N-I N::;CF{W; 

"Cm-246 2.OBE..oo ~ 2.IOE.ro N-I N::;CF{W; 

'Cm-247 2.18E..oo ~ 3.05E.ro N-I N;;Cf-(W) 

'Cm-248 5.77£-e1 ~ 7.75E~ N-I N;;Cf-(W) 

Bk·249 7.5OE~ ~ 1.o1E.,{l6 N-INXJ'fH) 

"Cl-2046 8.72E~ ~ 1.2fiE.,{l6 N-INXF(W) 

'CI-2<4S 1.1SE..c1 ~ 1.55E..04 N-I M:;Cf(W) 

'CI-249 1.71E..oo ~ 2.37E.ro N-INXJ'fH) 

'CI-250 3.41E..oo ~ • .58E.ro N-INXF(W) 

'CI-251 1.7'OE..oo ~ 2.32E.ro N-IAIXF(W) 

Cf-2S2 3.84E..oo ~ 1.7'QE..04 N-IACC(P) 

'C1·253 1.83E~ ~ 2."6E~ N-IAIXF(W) 

"Cl-254 UI2E..oo ~ 2.58E.ro N-IAIXF(W) 

"E&-25'3 11l1E~ ~ 2.1SE~ N-IACCF(W) 

Es-254 2.00E..c1 ~ 2.88E~ N-1ACCF(W) 

"E&-254m 3.45E..c1 EXTM') IUI6E~ EXTM') 

'fm-254 5.s.I2E.ro ~ 1.44E..c7 N-I M:;CfM') 

'fm-255 7..82E~ EXT(W) 2.Sl6E+06 N-IACCffWl 
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tU::lDE ACTMTY CRTOC.AI.. PATIMAY ACTMTYBO CRITr.A1. PATIMAY 
CXH::ENTAAT1ON BOG FOR EXEMt'T...., IVI l FOREXEWT 

CON::ENmATlJN ACTMTY 

H-3 1,OOE~ KiACC(P) 1.DOE.oo KiACC{P) 

~7 1,OOE..a3 EXT(Yw? 1.DOE..c7 EXT(W) 

C-14 1,OOE..04 KiACC{P) 1.DOE..c7 KiACC{P) 

0-1S 1,OOE.K12 EXTG(W) 1.DOE+09 EXT N:;Cf{W) 

F-1e 1,OOE-Kl1 EXT(Yw? 1.DOE~ EXT(W) 

Na-22 1,OOE-Kl1 EXT(Yw? 1.DOE~ EXT(W) 

Na-24 1,OOE-Kl1 EXT(Yw? ·1.DOE..05 EXT(W) 

"$1-31 1,OOE..a3 EXT(Yw? 1.DOE~ 9(JII(W) 

P-32 1,OOE..a3 EXT(Yw? 1.DOE..05 ~ 

"P33 1,OOE..05 KiACC(P) 1.DOE.oe N3ACC{P) 

5-35 1,OOE..05 KiACC{P) 1.DOE.oe KiACC{P) 

Cl-36 1,OOE..04 EXT(Yw? 1.DOE~ 9(JII(W) 

"0-38 1,OOE-Kl1 EXT(W) 1.DOE..05 ~ 

AI.!J7 1,OOE~ EXTG(W) 1.DOE.oe ~ 

Ar-41 1,OOE.K12 EXTG(W) 1.DOE.oo EXT~ 

"t<-40 1,OOE.K12 EXT(Yw? 1.DOE~ EXT(W) 

K~ 1,OOE.K12 EXT(Yw? 1.DOE~ EXT(W) 

"t<-43 1,OOE-Kl1 EXT(Yw? 1.DOE~ EXT(W) 

CfH5 1,OOE..04 N3ACC(P) 1.DOE..c7 KiACC(P) 

ea..7 1,OOE-Kl1 EXT(Yw? 1.DOE~ EXT(W) 

~ 1,OOE-Kl1 EXT(Yw? 1.DOE~ EXT(W) 

~7 1,OOE.K12 EXT(Yw? 1.DOE~ EXT(Yw? 

~ 1,OOE-Kl1 EXT(W) 1.DOE..05 EXT(Yw? 

-V~ 1,OOE-Kl1 EXT(Yw? 1.DOE..05 ~ 

07-51 1,OOE..a3 EXT(Yw? 1.DOE..m ~ 

"M'l-S1 1,OOE-Kl1 EXT(Yw? 1.DOE..05 9(JII(W) 

"M'l-S2 1,OOE-Kl1 EXT(W) 1.DOE..05 EXT(W) 

"M'l-S2J'n 1,OOE-Kl1 EXT(Yw? 1.DOE..05 ~ 

....53 1,OOE..04 EXT(Yw? 1.DOE~ KiACC(P) 

~S4 1,OOE-Kl1 EXT(Yw? 1.DOE~ EXT(W) 

~56 1,OOE-Kl1 EXT(Yw? 1.DOE..05 ~ 

F&-52 1,OOE-Kl1 EXT(Yw? 1.DOE~ EXT(W) 

~ 1,OOE..04 KiACC(P) 1.DOE~ ~ 

F.59 1,OOE-Kl1 EXT(Yw? 1.DOE~ EXT(Yw? 

~S5 1,OOE-Kl1 EXT(Yw? 1.DOE~ EXT(Yw? 
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N..CI..DE ACTMTY CRI'OC.Al. PATrfflAY ACTh'ITY eo CRI'OC.Al. PAiHWAY 
CCNCENTRATDN BQ'G FOR EXEMPT "'-' IIVII T FOR EXEMPT 

CON::ENTRATON ACTMTY 

Co-56 1.ClOE.c, EXT(W) 1lXlE..os EXT(W) 

Co-57 1.ClOE~ EXT(W) 1lXlE.os 6KN(W) 

Cc>-58 1.ClOE.c, EXT(W) 1lXlE.os EXT(W) 

'Co-58m 1.ClOE..04 EXT(W) 1lXlE..07 6KN(W) 

~ 1.ClOE.c, EXT(W) 1lXlE..os SKN(W) 

'Cc>«rn 1.ClOE.03 EXT(W) 1lXlE.os SKN(W) 

'Co-61 1.ClOE~ EXT(W) 1lXlE.os 6KN(W) 

'Co-62m 1.ClOE.c1 EXT(W) 1lXlE..os SKN(W) 

.,..59 1.ClOE..04 EXT(W) UIOE..al N:>ACC(P) 

IW-63 1.ClOE..os N:>ACC(P) 111:£..al N:>ACC(P) 

"N~ 1.ClOE.c1 EXT(W) 111:£.os 6KN(W) 

Cu-64 1.ClOE~ EXT(W) 111:£.os EXT(W) 

Zflo65 1.ClOE.c1 EXT(W) 111:£.os EXT(W) 

"~ 1.ClOE..04 EXT(W) 111:£.os EXT(W) 

Zrl-&T1 1.ClOE~ EXT(W) 111:£.os EXT(W) 

Ga-72 1.ClOE.c1 EXT(W) 111:£..os EXT(W) 

"G&-71 1.ClOE+O<l EXT(W) 111:£..al EXT(W) 

"A1rTJ 1.ClOE.03 EXT(W) 111:£..07 EXT(W) 

A1r74 1.ClOE.c1 EXT(W) 111:£.os EXT(W) 

"A1r76 1.ClOE~ EXT(W) 111:£..os 6KN(W) 

"A1r77 1.ClOE.03 EXT(W) 111:£.os 6KN(W) 

Se-7S 1.ClOE~ EXT(W) 111:£.os EXT(W) 

Br-a2 1.ClOE.c1 EXT(W) 111:£.os EXT(W) 

"Kr·7oC 1.ClOE~ EXTG(W) 111:£4 EXTNXf{W) 

"!<r·76 1.ClOE~ EXTG(W) 111:£4 EXTNXf{W) 

"!<r·77 1.ClOE~ EXTG(W) 111:£4 EXTNXf{W) 

"!<r.7'il 1.ClOE.03 EXTG(W) 111:£..os 6KN(W) 

"!<r-8' 1.ClOE..04 EXTG(W) 111:£..07 6KN(W) 

"Kr-83m 1.ClOE..os EXTG(W) 111:£.12 EXTNXf{W) 

Kr-85 1.ClOE..os EXTG(W) 111:£..04 SKN(W) 

"Kr-85m 1.ClOE.03 EXTG(W) 111:£.10 EXTNXf{W) 

"Kr-87 1.ClOE~ EXTG(W) 111:£4 EXTNXf{W) 

"!<r-88 1.ClOE~ EXTG(W) 111:£4 EXTNXf{W) 

Rb-86 1.ClOE~ EXT(W) 111:£..os 6KN(W) 

St-85 1.ClOE~ EXT(W) 111:£.os EXT(W) 
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toU:lDE ACTIVITY CRI'TlCAL PATrfNAY JCTPVI'TY ea CRI'TlCAL PATIfflAY 
CCNCCNTRATON ~ FOR EXEMPT ...... '''1 FOREXEWr 

CON:ENTRATON N:::TIVITY 

Sr~ UlOE"'" EXT(W) 1.DOE..c7 EXT(W) 

Sr-87m 1.ooE"'" EXT(W) 1.DOE4i EXT(W) 

51'-83 1.ooE.03 EXT(W) 1.DOE4i ~ 

Sr·ll()... 1.ooE"'" EXT(W) 1.DOE-+04 ~ 

"Sr.g, 1.ooE~, EXT(W) 1.DOE+05 ~ 

"Sr·92 1.ooE~' EXT(W) 1.DOE4i EXT(W) 

y.go 1.ooE.03 EXT(W) 1.DOE+05 ~ 

oy..g, 1.ooE.03 EXT(W) 1.DOE4i ~ 

OY-91m 1.ooE"'" EXT(W) 1.DOE4i EXT(W) 

OY-92 1.ooE"'" EXT(W) 1.DOE+05 ~ 

OY-93 1.ooE"'" EXT(W) 1.DOE+05 ~ 

'Z!.9:).. 1.ooE.03 NtWJ 1.DOE~7 Ni~ 

Z!·95 1.ooE~' EXT(W) 1.DOE4i EXT(W) 

'Z!·97... 1.ooE~' EXT(W) 1.DOE+05 SKN(W) 

"Nr93m 1.ooE-+04 EXT(W) 1.DOE..c7 NiAtX:F(W) 

"Nr94 1.ooE~' EXT(W) 1.DOE4i EXT(W) 

Nr95 1.ooE~, EXT(W) 1.DOE4i EXT(W) 

"Nr97 1.ooE~, EXT(W) 1.DOE4i ~ 

"Nr96 1.ooE~' EXT(W) 1.DOE+05 SKN(W) 

'tot>-go 1.ooE~' EXT(W) 1.DOE4i EXT(W) 

'tot>-lll 1.ooE.03 EXT(W) 1.DOE+08 N3ACC(P) 

M>lil9 1.ooE"'" EXT(W) 1.DOE4i EXT(W) 

'tot>- '0' 1.ooE~' EXT(W) 1.DOE4i SKN(W) 

'Tc-Q) 1.ooE~' EXT(W) 1.DOE4i EXT(W) 

'Tcr96m 1.ooE.03 EXT(W) 1.DOE..c7 EXT(W) 

'T0-97 1.ooE.03 EXT(W) 1.DOE+08 EXT(W) 

'Te>g'7m 1.ooE.03 EXT(W) 1.DOE..c7 SKN(W) 

'TC>99 1.ooE-+04 N3ACC(P) 1.DOE..c7 N3ACC(P) 

To-99m 1.mE"'" EXT(W) 1.DOE..c7 EXT(W) 

'Ru-97 1.mE"'" EXT(W) 1.DOE..c7 EXT(W) 

Ru-1lX3 1.ooE"'" EXT(W) 1.DOE4i EXT(W) 

'Ru-105 1.ooE~' EXT(W) 1.DOE4i EXT(W) 

Ru-106+ 1.mE"'" EXT(W) 1.DOE+05 ~ 

~103m 1.mE-+04 EXT(W) 1.DOE+08 SKN(W) 

~105 1.ooE"'" EXT(W) 1.DOE..c7 EXT(W) 
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N...CtDE ACTMTY CRJ'T'CAL PATI-MIAY ACTh'ITYEO CRrrr.Al PATHWAY 
~TDNBQ(; FOR EXEMPT ,..., IYI FOREXaf'T 

OOf'CENTRATDN ACTMTY 

opo.103 1,OOE..a3 EXT(W) 1JX£.oe H3ACC(P) 

opo.100 1.ooE..a3 EXT(W) 1JX£.06 SKJW:W) 

"AQ-1OS 1.ooE+02 EXT(W) 1JX£.06 EXT(W) 

"~10llm+ 1.ooE+01 EXT(W) 1JX£.06 EXT(W) 

~1 1crn 1,OOE~1 EXT(W) 1JX£.06 EXT(W) 

~111 1,OOE..a3 EXT(W) 1JX£.06 EXT(W) 

Cd-100 1,OOE+04 EXT(W) 1JX£.06 9<N(W) 

"CO-115 1.ooE+02 EXT(W) 1JX£.06 EXT(W) 

"CO-11Sm 1,OOE..a3 EXT(W) 1JX£.06 SKI'(W) 

h-111 1,OOE+02 EXT(W) 1JX£.06 EXT(W) 

h-113m 1,OOE+02 EXT(W) 1JX£.06 EXT(W) 

'1n-114m 1,OOE+02 EXT(W) 1JX£.06 H3ACC(P) 

'1n-115m 1,OOE+02 EXT(W) 1JX£.06 EXT(W) 

-sn-113 1,OOE..a3 EXT(W) 1JX£+07 H3ACC(P) 

-sn-125 1,OOE+02 EXT(W) 1JX£+05 9<N(W) 

&>-122 1.ooE+02 EXT(W) 1JX£+04 9<N(W) 

&>-124 1,OOE~1 EXT(W) 1JX£.06 EXT(W) 

&>-125 1.ooE+02 EXT(W) 1JX£.06 EXT(W) 

"-.1Zh 1,OOE+02 EXT(W) 1JX£+07 EXT(W) 

"-.12Sr'n 1.ooE..a3 EXT(W) 1JX£+07 SKI'(W) 

"-.127 1,OOE..a3 EXT(W) 1JX£.06 ~ 

"-.127m 1.ooE..a3 EXT(W) 1JX£+07 H3ACC(P) 

"-.129 1.ooE+02 EXT(W) 1JX£.06 ~ 

"-.125lm 1.ooE..a3 EXT(W) 1JX£.06 ~ 

"-.131 1.ooE+02 EXT(W) 1JX£+05 ~ 

"-.131m 1.ooE~1 EXT(W) 1JX£.06 EXT(W) 

rr.132 1.ooE+02 EXT(W) 1JX£+07 H3ACC(P) 

"-.133 1.ooE~1 EXT(W) 1JX£+05 ~ 

"-.,Dn 1.ooE~1 EXT(W) 1JX£+05 ~ 

"-.,34 1.ooE~1 EXT(W) 1JX£.06 EXT(W) 

~1Z3 1.ooE+02 EXT(W) 1JX£+07 EXT(W) 

~125 1.ooE..a3 EXT(W) 1JX£.06 H3ACC(P) 

....,26 1.ooE+02 EXT(W) 1JX£.06 H3ACC(P) 

....129 1.ooE+02 H3ACC(P) 1JX£+05 H3ACC(P) 

.... , Xl 1.ooE..o1 EXT(W) 1JX£.06 EXT(W) 

28
 



"'-CI...IJE N::TMrY CRfTr.AL PATHWAY ACTMTYBO 
CCNCENTRATlJN EO(; FOR EXEMPT ,....., IIVI I T 

~TON 

~131 1.OOE-KX2 EXT(W) 

~'32 1.OOE..o1 EXT(W) 

~'33 1.OOE..o1 EXT(W) 

~'34 1.OOE..o1 EXT(W) 

~135 1.OOE..o, EXT(W) 

")(&.13,m 1.OOE+04 EXTG(W) 

X&-,33 1.OOE..03 EXTG(W) 

-x.,35 1.OOE..03 EXTG(W) 

'Cr129 1.OOE-KX2 EXT(W) 

Cs-13, 1.OOE..03 EXT(W) 

"Ca-'32 1.OOE..o1 EXT(W) 

'CI-,34m 1.OOE..03 EXT(W) 

e.-,34 1.OOE..o, EXT(W) 

"C&-135 1.OOE+04 NiACC(P) 

'CI-,36 1.OOE..o1 EXT(W) 

Cs-'37+ 1.OOE..o1 EXT(W) 

'CA-138 1.OOE..o1 EXT(W) 

'Ba-,31 1.OOE-KX2 EXT(W) 

a.,<0+ 1.OOE..o1 EXT(W) 

~'40 1.OOE..o, EXT(W) 

C.13S 1.OOE-KX2 EXT(W) 

C'A14' 1.OOE-KX2 EXT(W) 

-c.,43 1.OOE-KX2 EXT(W) 

C.144+ 1.ooE-KX2 EXT(W) 

"Pr-'42 1.ooE-KX2 EXT(W) 

Pt-,43 1.OOE+04 NiACC(p) 

"Nd-'47 1.OOE-KX2 EXT(W) 

"NG-'49 1.ooE-KX2 EXT(W) 

Pm-147 1.OOE+04 ~ 

"Pm-'49 1.ooE..03 EXT(W) 

"5m-1S' 1..DOE+04 ~ 

"5m-153 1.ooE-KX2 EXT(W) 

Eu-152 1.ooE..o, EXT(W) 

'E... ,52m 1.ooE-KX2 EXT(W) 

Eu-,54 1..DOE..o, EXT(W) 

CRlTlCAL PATHWAY 
FOREXEWT 

ACTMrY 

1.ooE-Kl6 NiACC(P) 

1.ooE~ EXT(W) 

1.ooE-Kl6 EXT(W) 

1.ooE-KlS SKN(W) 

1.ooE-Kl6 EXT(W) 

1.ooE+04 ~ 

1.ooE+04 ~ 

1.ooE+'O EXT~ 

1.ooE-KlS 9<N(W) 

1.ooE-Kl6 SKN(W) 

1.ooE-KlS 9<N(W) 

1.ooE-KlS SKH(W) 

1.ooE+04 9<N(W) 

1.ooE~ N3ACC(P) 

1.ooE-KlS 9<N(W) 

1.ooE+04 SKN(W) 

1.ooE+04 SKN(W) 

1.ooE-Kl6 EXT(W) 

1.ooE-KlS 9<N(W) 

1.ooE~ EXT(W) 

1.ooE-Kl6 9<N(W) 

1.ooE~ EXT(W) 

1.ooE-Kl6 SKN(W) 

1.ooE~ ~ 

1.ooE-KlS ~ 

1.ooE..06 SKN(W) 

1.ooE-Kl6 EXT(W) 

1.ooE..06 IlKN(W) 

1.ooE~ N3ACC(P) 

1.ooE..06 EXT(W) 

1.ooE..08 Ml~ 

1.ooE..06 EXT(W) 

1.ooE..06 EXT(W) 

1.ooE..06 SKN(W) 

1.ooE..06 EXT(W) 
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CRf'Il:AL PA'THWAYACTMTY CRroc.AL PAn-tNAY N::mfTY9:J....cLDE 
FOR EXEMPT ,...., IIVII T~iD\IlDG FOREXEWT 

CON:ENTRATON ACTMTY 

Eu-1SS 1.ooE.02 EXT('H) 1.ooE..c7 EXT(W) 

'GG-153 1.ooE.02 EXT('H) 1.ooE..c7 EXT(W) 

'GO-15S 1.ooE..oo EXT('H) 1.ooE..os EXT(W) 

~11lO 1.ooE..c1 EXT('H) 1.ooE..os EXT(W) 

'Oy-165 1.ooE..oo ElCT('H) 1.ooE..os St<JI(W) 

'Oy-166 1.ooE..oo ElCT('H) 1.ooE..os EXT(W) 

'Ho-186 1.ooE..oo ElCT('H) 1.ooE..os St<JI(W) 

Er-189 1.ooE.04 tGACC(P) 1.ooE..c7 tGACC(P) 

'Er-171 1.ooE.02 ElCT('H) 1.ooE..os EXT(W) 

1Tm-17'O 1.ooE..oo ElCT('H) 1.ooE..os EXT(W) 

rrm-171 1.ooE.04 EXT('H) 1.ooE~ tGACC(P) 

"Yb-17S 1.ooE..oo ElCT('H) 1.ooE..c7 EXT(W) 

~1n 1.ooE..oo ElCT('H) 1.ooE..c7 SKN:Wl 

"1-11-1S1 1.ooE..c1 EXT('H) 1.ooE..os EXT(W) 

r.182 1.ooE..c1 ElCT('H) 1.ooE.04 SKN:Wl 

-w.1S1 1.ooE..oo ElCT('H) 1.ooE..c7 EXT(W) 

W-1es 1.ooE.04 tGACC(P) 1.ooE..c7 SKN(W) 

-w.187 1.ooE.02 ElCT('H) 1.ooE..os EXT(W) 

~186 1.ooE..oo EXT('H) 1.ooE..os SKN(W) 

"Re-188 1.ooE.02 EXT('H) 1.ooE..os SKN(W) 

~1es 1.ooE..c1 EXT('H) 1.ooE..os EXT(W) 

~1P1 1.ooE.02 EXT('H) 1.ooE..c7 tGACC(P) 

-o.19'lm 1.ooE..oo EXT('H) 1.ooE..c7 SKN(W) 

~1B3 1.ooE.02 ElCT('H) 1.ooE..os EXT(W) 

"-HIO 1.ooE..c1 EXT('H) 1.ooE..os EXT(W) 

~-1B2 1.ooE..c1 EXT('H) 1.ooE.04 SKN(W) 

°1r_1~ 1.ooE.02 EXT('H) 1.ooE..os SKN(W) 

"PI-19'l 1.ooE.02 EXT('H) 1.ooE..os EXT(W) 

"PI-1l13m 1.ooE..oo EXT('H) 1.ooE..c7 SKN(W) 

"PI-1;7 1.ooE..oo EXT('H) 1.ooE..os SKN(W) 

"PI-1g'7m 1.ooE.02 EXT('H) 1.ooE..os EXT(W) 

Au-1SIS 1.ooE.02 EXT('H) 1.ooE..os EXT(W) 

°Au-1S19 1.ooE.02 EXT('H) 1.ooE..os EXT(W) 

1.ooE..c7 EXT(W)~1;7 1.ooE.02 EXT('H) 

1.ooE..os EXT(W)"Hg-1~ 1.ooE.02 EXT('H) 
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PV:lDE ACTMTY CRI"OC.AL PATHWAY ACTMTY~ CRfTl:AL PATHWAY 
~T1O'I~ FOR EXEWf I'lCTMT) FOREXEM'T 

CON::ENTRATON ACTMTY 

~203 1.OOE+C2 EXT(W) 1.DOE.05 S<r(W) 

-rl-200 1.OOE..o1 EXT(W) 1.DOE..06 EXT(W) 

n-201 1.OOE+C2 EXT(W) 1.DOE..06 ~ 

"'Tl-202 1.OOE+C2 EXT(W) 1.DOE..06 EXT(W) 

Tl-2D4 1.OOE,.{)4 EXT(W) 1.DOE,.{)4 S<r(W) 

~203 1.OOE+C2 EXT(W) 1.DOE..06 EXT(W) 

flt>.210+ 1.OOE..o1 N3ACC{P) .1.DOE,.{)4 N3ACC{P) 

1JI>.212. 1.OOE..o1 EXT(W) 1.DOE.05 .SKN(W) 

Br206 1.OOE..o1 EXT(W) 1.DOE.05 EXT(W) 

""207 1.OOE..o1 EXT(W) 1.DOE..06 EXT(W) 

"..210 1.ooe+03 N-(W) 1.DOE..06 SKN(W) 

"..212. 1.ooe..o1 EXT(W) 1.DOE.05 SKN(W) 

'Po-203 1.ooe..o1 EXT(W) 1.DOE..06 EXT(W) 

"Po-20S 1.ooe..o1 EXT(W) 1.DOE..06 EXT(W) 

"Po-207 1.ooe..o1 EXT(W) 1.DOE..06 EXT(W) 

Po-210 1.ooe..o1 N3ACC{P) UlC£,.{)4 N3ACC{P) 

'AI-211 1.ooe+03 EXT(W) UlC£..07 HiN:X:FfWJ 

'Rn-Z!O+ 1.ooe,.{)4 N-(W) UlC£..07 HiN:X:FfWJ 

Rn-222. 1.ooe..o1 EXT(W) 1.DOE..08 Hi N::t::;f{W) 

"Ra-223-+ 1.ooe+C2 N-(W) 1.DOE.05 N3ACC{P) 

'Ra-224+ 1.ooe+01 EXT(W) 1.DOE.05 N3ACC{P) 

"Ra-22S 1.ooe+C2 N-(W) 1.DOE.05 Hi N::t::;f{W) 

Ra-22£< 1.ooe..o1 N3ACC{P) 1.DOE~ N3ACC{P) 

"Ra-227 1.ooe+C2 EXT(W) 1.DOE..08 SKN(W) 

"Ra-22IH 1.ooe..o1 EXT(W) 1.DOE.05 N3ACC(P) 

'Ao-22S 1.ooe+01 EXT(W) 1.DOE..08 EXT(W) 

'Th-22£< 1.ooe+03 EXT(W) 1.DOE..07 EXT(W) 

'Th-227 1.ooe+01 N-(W) 1.DOE~ Hi N::t::;f{W) 

1Th-228+ 1.ooe..oo N-(W) 1.DOE~ HiACC{P) 

'Th-22S+ 1.ooe..oo N-(W) 1.DOE+03 Hi N::t::;f{W) 

[Th-23o 1.ooe..oo N-(W) 1.DOE~ HiACC{P) 

'Th-Z31 1.ooe+03 N-(W) 1.DOE..07 EXT(W) 

~232N 1.ooe..oo N-(W) 1.DOE+03 N3ACC(P) 

'Th-234-+ 1.ooe+03 EXT(W) 1.DOE.05 SKN(W) 

'Pa-230 1.ooe..o1 EXT(W) 1.DOE..06 Hi N::t::;f{W) 
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PU:U)E ACTMTY 
cx:N:ENTRATKlN 9:)C3 

CRJ'T'r.Al. PATHWAY 
FOREXEWT __ IY' 

CQ'CENT'Rl;TON 

ACTWITYBO ~PATHWAY 

FOREXaPT 
ACTMTY 

"Pa-231 UIOE..oo N-(W) 1.o:£..m Hi /IIXF('N) 

"Plr233 UIOE+02 EXT(W) 1JX£..<:J7 EXT(W) 

'U-Zl}+ 1.ooE.c1 N-(W) 1.0:£.05 Hi N::;C;F-fN) 

'U-231 1.ooE+02 EXT(W) 1.o:£..<:J7 EXT(W) 

'U-Z32+ 1.ooE..oo N-(W) 1.o:£..m Hi N::;C;F-fN) 

'U-233 1.ooE.c1 N-(W) 1.DC£+04 Hi N::;C;F-fN) 

U-234 1.ooE.c1 N-(W) 1.0:£+04 HiACC{P) 

'U-23S-+ 1.ooE.c1 N-(W) 1.0:£+04 Hi At:;CF(W) 

'U-Z36 1.ooE.c1 N-(W) 1.0:£+04 Hi N::;C;F-fN) 

'U-ZJ7 1.ooE+02 EXT(W) 1.o:£..ai EXT(W) 

U-238+ 1.ooE.c1 N-(W) 1.0:£+04 HiACC{P) 

U-238N 1.ooE..oo N-(W) 1.o:£..m SKN(W) 

'U-239 1.ooE+02 EXT(W) 1.o:£..ai EXT(W) 

'U-240 1.ooE..m EXT(W) 1.o:£..<:J7 SKN(W) 

'U-240+ 1.ooE.c1 EXT(W) 1.o:£..ai SKN:Wl 

'Np-ZJ7+ 1.ooE..oo N-(W) 1.o:£..m Hi N::;C;F-fN) 

'Np-239 1.ooE+02 EXT(W) 1.o:£..<:J7 EXT(W) 

~240 1.ooE.c1 EXT(W) 1.o:£..ai EXT(W) 

°Pu-234 1.ooE+02 EXT(W) 1.o:£..<:J7 EXT(W) 

"Pu-235 1.ooE+02 EXT(W) 1.o:£..<:J7 EXT(W) 

"Pu-236 1.ooE.c, N-(W) 1.0:£+04 Hi N::;C;F-fN) 

"Pu-237 1.ooE..m EXT(W) 1.o:£..<:J7 EXT(W) 

Pu-238 1.ooE..oo N-(W) 1.0:£+04 HiACC{P) 

Pu-Z3Q 1.ooE..oo N-(W) 1.0:£+04 HiACC{P) 

~240 1.ooE..oo N-(W) 1.o:£..m Hi N::;C;F-fN) 

"Pu-241 1.ooE+02 N-(W) 1.0:£.05 Hi N::;C;F-fN) 

~242 1.ooE..oo N-(W) 1.0:£+04 Hi N::;C;F-fN) 

"Pu-243 1.ooE..m EXT(W) 1.o:£..<:J7 EXT(W) 

"Pu-244 1.ooE..oo N-(W) 1.0:£+04 Hi N::;C;F-fN) 

Am-241 1.ooE..oo N-(W) 1.0:£+04 HiACC{Pj 

°Am-242 1.ooE..m EXT(W) 1.o:£..ai SKN(W) 

°Am-242m+ 1.ooE..oo N-(W) 1.0:£+04 HiNXJ={W) 

°Am-243+ 1.ooE..oo N-(W) 1.o:£..m HiNXJ={W) 

'Cm-242 1.ooE+02 N-(W) 1.0:£.05 Hi N::;C;F-fN) 

'Cm-243 1.ooE..oo N-(W) 1.0:£+04 Hi~ 
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TABLE 5 Sl..UMRY OF E~ ACTMTES AND AClMTY ~rcNS(ROLN)ED) 

N..ClDE ACTMTY CRI"OCA1. PATIfflAY N::rN1TY eo CRI"OCA1. PAnfNAY 
CCNCENT'RATDN BOG FOR EXEMPT """ 'VI FOR EXEMPT 

c:oN::ENTRATON ACTMTY 

Cm-2401 1.ooE+01 N-.wl 1.ClOE+OoI NiNXJ.P) 

"Qn.245 1.ooE.oo N-.wl 1.ClOE.a3 Ni At::;CFfH) 

"Qn.246 1.ooE.oo N-.wl 1.ClOE.a3 Ni At::;CFfH) 

"Qn.247 1.ooE.oo N-.wl 1.ClOE+OoI NiN:;CffN) 

"Qn.248 1.ooe.oo N-.wl 1.ClOE.a3 Ni At::;CFfH) 

Bk·249 1.ooE.a3 N-.wl 1.ClOE+06 NiN:;CffN) 

"CI-246 1.ooE.a3 N-.wl 1.ClOE+06 NiN:;Cf{W) 

"CI-248 1.ooE+01 N-.wl 1.ClOE+Ol4 NiN:;Cf{W) 

"CI-249 1.ooE.oo N-.wl 1.ClOE.a3 NiN:;Cf{W) 

"CI-2S0 1.ooE+01 N-.wl 1.ClOE+Ol4 NiN:;Cf{W) 

"CI-2S, 1.ooE.oo N-.wl 1.ClOE.a3 Ni N::J:::FiNJ 

Cl-2S2 1.ooE+01 N-.wl 1.ClOE+Ol4 NiACC(P) 

"CI-2S3 1.ooe..02 N-.wl 1.ClOE~ NiN:;Cf{W) 

"CI-2S4 1.ooE.oo N-.wl 1.ClOE.a3 NiN:;CffN) 

"E..2S3 1.ooE.02 N-.wl 1.ClOE~ Ni~ 

E&-2S4 1.ooE+O, N-.wl 1.ClOE+Ol4 Ni N::;(;F(W) 

"E&-254m 1.ooE.02 EXT(W) 1.ClOE+06 EXT(W) 

'Fm-2S4 1.ooE+Ol4 N-.wl 1.ClOE.u7 Ni N::;(;F(W) 

'Fm-255 1.ooE.a3 EXT(W) 1.ClOE+06 Ni At::;CFfH) 
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LEGEND FOR TABLES 4 AND 5 

PREFIX n 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 BOTILE 

INH(W) INHALATION IN WORKPLACE 

ING ACC(P) ACCIDENTAL INGESTION TO PUBLIC FROM LANDFILL 

ACTIVITIES 

SKIN(W) SKIN DOSE IN 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 
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FIGURE 1 Block dIagram illustrating methodology for calculating exempt actIvIties and activity concentrations 
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FIGURE 2 Block diagram showing workplace and public scenarios used to calculate doses for unh activity of 1 Bq 
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FIGURE 3 Block diagram 9howlng wort<place and public 9cenarlo9 U9ed to calculate d0ge9 for un" activity concentraflon9 1 Bq 001 

WORKPLACE
 
SCENARIOS
 

ANNUAL DOSES FROM
 
UNDILUTED INDIVIDUAL
 

SOURCE
 

.-//~ 

INDIVIDUAL SOURCE -- --- --
/ 

OF 1 Bq g-l 
ACTIVITY CONCENTRATION 

'PUBUC SCENARIO 

ANNUAL DOSES FROM UNDILUTED INDIVIDUAL
 
SOURCE (INGESTION) AND INDIVIDUAL
 

DILUTED SOURCE
 
(EXTERNAL. INHALATION)
 

DISPOSAL TO LANDFILL DISPOSAL
NORMAL USE 

24 HOUR DECAV (LANDFILL TAMPERING) 

:-- , " 

ACCIDENT 



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 (l Bq g-l) 

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 landfIll 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 turn, 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 Nonnal 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. 

A1.1 External exposure from handling a source 

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

working day (approximately 1% to 5%). Typical situations, which involve handling sources, may 

include the following: 

(a)	 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. 

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

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

the skin thickriess is 400 pm1. For beta radiations the dose rate factor for 400 pm2 was used and 

for gamma radiation the dose rate factor for 70 Jlffi3 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: 

Hskin = As T (R7 + R24) 

where: Hskin = Skin equivalent dose (Sv y-l) 
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As Activity per unit area (Bq cm-2)= 
T Exposure time (h yol) = 

(= 2.5 101 h i l for all sources)
 

Skin equivalent dose rate to the basal layer of skin epidermis, for gamma
 R7 = 
irradiation (7 mg cm·2)* (Sv h· 1 per Bq cm·2l 
Skin equivalent dose rate to the basal layer of skin epidermis, for beta R24 = 
irradiation (40 mg cm·2) (Sv h·1 per Bq cm-2)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;-:-:;::;:::;:;" = C U 
CONTACT 

where	 C =Activity concentration per unit mass of source (l 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. 

CONTACT = ~ = M 
(p ..:) u 

2 

where:	 M = Mass of source (g) 

p = Density of source (g cm,3) 

t = Half thickness of source (cm) 
2" 

For sealed gaseous sources, CONTACT is taken to be 0.5 cm2 (the typical dimension of 

a source) and M is 6.15 10-4 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) t/2 (em) 

Dispersable 3.00 10' 1.12 (resin) (4) 1.68 10"' 
solids 

Gaseous 615 10-4 1.2310.3 

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

CONTACT

E =Hskin wskin ---.,=-=="""~

BODY 

•Assume density of skin is approximately equivalent to that of water (l g cm'\ 
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where: E Effective dose (Sv y.l) = 
Tissue weighting factor = 1 1O-~wskm 

BODY = Total skin area = 1 104 cm2 

Al.2 External exposure from a 1 m3 source 

The operator is assumed to be exposed from a source of approximately 1 m3 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 cabineL 

The doses from a 1 m3 source were calculated from semi-infinite/infinite slab geometry 

dose factors for beta6 and gamma energies7. A geometry factor was applied to the gamma dose rate 

factor to represent a 1 m3 source7 and a shielding factor was applied to the beta dose rate to 

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 m3 source is given by: 

E = C T «GAM R I GEOM) + (BETA SHIELD» 

where: E Effective dose (Sv y"1)= 
C = Activity concentration per unit mass (l Bq g'l)
 

T Exposure time (h y.l)
 = 
(l 102 h y"1) 

GAM = Effective dose rate 1 m above an infmite thick slab of 1 Bq g'l per MeV of 

gamma energy 

«Sv h'l) per (Bq g.1 MeV» 

(= 3 10-7 «Sv h'l) per (Bq g'] MeV)))7 

= The average photon energy per disintegration (MeV)8 

= Effective dose rate from beta panicles 1 m above a 

semi-infinitet slab of 1 Bq g'1 (Sv h,l per Bq g'1)6 

SHIELD = Shielding factor for beta particles 

(= 1 10.1) 

GEOM = Geometry reduction factor from infmite slab to finite source size 

(= 2 10'2)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 ~ 0.1 MeV < 0.4 MeV lo~ BETA = 6 loge R2 - 16.4 

For energies ~ 0.4 MeV lo~ BETA = 2.86 lo~ R2 - 19.7 

where: R2 =The average beta energy per disintegration (MeV)8. 

tA semi-infinite slab is assumed to be approximately the same as an infmite slab for beta energies. 
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A1.3 External exposure from a gas bottle 

The operator is assumed to 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 m3 solid source7, which approximates to 3 10-3 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 potential dose from the gamma radiation 

emitted by the gas. It is unlikely that the beta panicles 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 m3 gas bottle is given by: 

E =C T (GAM RI) GEOM 

where: E = Effective dose (Sv yol) 

C = Activity concentration per unit mass (1 Bq gol) 

T = Exposure time (h y-I) 

(= 1 102 h yol (noble gases» 

GAM = Effective dose rate at 1 m above an infinite thick slab of 1 Bq g-I per MeV 

of gamma energy «Sv hoI) per (Bq g-I MeV» 

(= 3 10-7 «Sv h- I) per (Bq g-I MeV)))7 

= The average photon energy per disintegration (MeV)8 
3= Geometric reduction factor from infinite thick slab source to 0.1 m

solid source. 
(= 3 10-3)7 

A1.4 Inhalation of dust 

The operator is assumed to be exposed for a normal working year (2000 h y"1) to an 

annosphere with a dust concentration of 0.04 mg m-3, 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 example, 

silicon and cobalt are restricted to 0.1 mg mo3 9 and beryllium is restricted to 0.002 mg m-3 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 = C T INH RIO Dust 

where: E = Committed effective dose (Sv y-I) 

C = Activity concentration (1 Bq gol) 

T = Exposure time (h y-I) 

(= 2 103 h yol) 
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INH = Breathing rate (m3 h-I) 

(= 1 m3 h- I)! J 

RIO = Committed effective dose per unit inLake for inhalation (Sv Bq-l)l2 

Dust = Concentration of airborne dust (g m-3) 

(= 4 10-5 g m-3) 

A1.5 Ingestion from contaminated hands 

This pathway assumeS an individual works for a nonnal working year (250 days per year) 

in an environment in which dust (contaminated with radionuclides) at an air concentration of 

0.04 mg m- 3 settles on work surfaces. The size of the room is assumed to be 32 m3 and it is 

assumed that all the dust settles in a working day, giving a tot.a.1 of 1.28 10-3 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 10-4 g per day. The total ingested mass of contaminated 

dust is therefore 32 mg per year. 

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

E = C ING R9 

where:	 E = Committed effective dose (Sv y-l) 

C =	 Activity concentration (l Bq g-l) 

ING =	 Annual ingestion rate of contaminated material (g y"l) (= 32 mg y-l) 

= Committed effective dose per unit intake for ingestion (Sv Bq-l)l2 ~ 

A2 Accidental (workplace) scenario 

This scenario 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 nonna1 use (workplace) scenario and the combination of dose rate, 

exposure time and probability of occurrence for the accident.a.1 pathways gives rise to average annual 

doses that are lower than those from the corresponding nonnal use (workplace) pathway. Therefore 

the Accidental (workplace) scenario is considered to be adequately covered by the Nonnal 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 folJows: 

(a)	 For skin dose: the contact time assumed for nonnal 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 estimate). Therefore. if nonnal 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 nonnal use 

(workplace) scenario. Assuming continual occupancy, the maximum individual dose is 

around 0.7 mSv. 

(c)	 For inhalation: a dust loading of 40 pg mo3 over the working year was used in the nonnal 

use (workplace) scenario. In order to incur a dose of 1 mSv the dust loading throughout 

the year would have to reach 4 mg ro-3• which is verging on an intolerably dusty 

annosphere. 
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(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 is 

assumed to be a generic small site with a capacity of domestic waste of 1.5 104 tonnes6, over an 

area of 1 10-2 km2. A delay of 24 hours is assumed to occur between use of the source and its 

subsequem disposal at the landfill site. The source is assumed to decay over this period. 

Radioactive decay over the exposure time of the individual is nOl included. This is a conservative 

assumption and also allows for the possibility of sequential disposal of sources. Accidemal 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 accidental pathways, the chance of an exposure occurring in a year is assumed 

to be 1 in 100, or a probability of 1 10-2. 

A3.1 External exposure from a landfill site 

This pathway considers a member of the public walking over the landfJ.Il she for an annual 

time considered to be typical of outdoor recreational activities (300 h yol). 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 yol) 

CD = Diluted activity concentration (Bq gol) 

T :: Exposure time (h y-I) 

(= 300 hours y-l) 

GAM = Effective dose rate 1 m above an infinite thick slab of 1 Bq g-I, per MeV of 

gamma energy «Sv h-I) per (Bq g-l MeV» 

(= 3 10-7 «Sv h-I) per (Bq g-I MeV)))7 

RI = The average photon energy per disintegration (MeV)8 

s = Probability of exposure occurring in a year 
(:: 1.10-2 y-I) 
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The diluted activity concentration is calculated from source activity concentration in the 
following manner: 

C = C Ml DECAY 
D	 M2 

where:	 C = Source activity concentration (l Bq gol) 

Ml Mass of source (g) = 
(= 1 Ie? g) (typical mass and used for all waste forms except gases) 

M2 = Mass of waste tip (g) 
(= 1.5 1010 g)6 

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

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.l and 

inhaling dust from the exposed contaminated soil from a single source for 1 hour per year. The 
3concentration of airborne dust is assumed to be 1 mg m- (7) and contaminated in the same 

proportion as the soil in A3.I. 

The average annual committed effective dose from inhalation of dust from a landfIll site 

is given by: 

E = CD T INH R 10 Dust s 

where:	 E = Average annual committed effective dose (Sv yol) 

CD = Diluted activity concentration (Bq g-I) 

T = Exposure time (h) if exposure occurs 

(= 1 h) 

INH = Breathing rate (m3 h-I) 

(= 1 m3 h-I)ll 

= Committed effective dose per unit intake for inhalation (Sv Bq-I)12 RlO 
03Dust = Concentration of airborne dust (g m )
 

(= 1 1003 g m-3)7
 

s = Probability of exposure occurring in a year
 

(= 1 1002 yol)
 

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

the following manner: 

CD =C MI 
M2 

where: C = Source activity concentration (l Bq g-I) 

Ml = Mass of source (g) 

(= 1 Ie? g) (typical mass and used for all waste forms except gases) 

M2 = Mass of waste tip (g) 

(= 1.5 1010 g)6 
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A3.3	 Ingestion of an object from a landfill site 

A member of the public is assumed to be walking over a landfJ.1! site and inadvertently 

ingests a small quantity of activity from the source. This scenario represents several different 

situations, for example, a person fmding 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.1 typically used for inadvenent ingestion of soil while 

gardening, and allowing for the fact that some of the ingested material would not be contaminated.) 

The average annual committed effective dose for ingestion of an object found on a landfill 

site is given by: 

E = C Ml f ~ DECAY 

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

C = Acti vity concentration of source (1 Bq g.l) 

= Committed effective dose per unit intake for ingestion (Sv Bq·I)12 ~ 
f = Fraction of source ingested in a year 

(= 1 10.2) 

Ml = Mass of source (g) 

(= 1 102 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 nonnal 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 Activity 

Concentrations, only doses to the person(s) using the source are assessed. 

B1.1	 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); 

(c)	 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 radiation from a point source is given by: 

E = A T (R19 + R2O> 

47 



where:	 E = Effective dose (Sv y-I) 

A = Activity of source (1 Bq) 

T =	 Exposure time (h y-I)
 

(= 1 102 h i l for liquids and dispersable solids.
 

2 102 h i l for non-dispersable solids, capsule and foil).
 

= Effective dose rate for 1 Bq point source at 1 m (gamma) (Sv h- I per Bq)6 

= Effective dose rate for 1 Bq point source at 1 m (beta) (Sv h- I per Bq)6 

B1.2	 External exposure from handling a source 

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

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

include the following: 

(a)	 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. 

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

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

the skin thickness is 400 11m I. For beta radiations the dose rate factor for 400 11m2 was used and 

for gamma radiation the dose rate factor for 70 JlITl3 was used, since no other data were available. 

It is assumed that the glass vial containing liquids, attenuates beta emitters through a glass 

wall thickness of 150 mg cm·2. 

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

Hskin =	 As T (R7 + R2J for dispersable solids, sealed gaseous sources, capsule and foil 

R
 
= As T (R7 + (~» for liquids
 Hskin	 SF 

where: = Skin equivalent dose (Sv y.l)Hskin 

As = Activity per unit area (Bq cm-2) 

T = Exposure time (h y-I) 

(= 1 WI h y-I for all sources). 

R7 = Skin equivalent dose rate to the basal layer of skin epidennis, 

for gamma irradiation (7 mg cm.2):1: 

(Sv h- I per Bq cm-2)3. 

= Skin equivalent dose rate to the basal layer of skin epidennis, R24
 
for beta irradiation
 

(40 mg cm-2) (Sv h- I per Bq cm-2)2.
 

SF = Shielding factor for liquid sources held in glass vials 13.
 

:l:Assume density of skin is approximately equivalent to that of water (1 g cm·3). 
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where:	 SF e!Jd 
== 

-1.l4and	 )J = 0.017 x EBmax
 

d = 150 mg cm,2
 

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

the following method. 

As'" -:;::;-:::=A::::-:-:=
CONTACT 

where:	 A == Activity of source (1 Bq) 

CONTACT = Area of skin in contact with source (cm2) 

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. 

where: M	 = Mass of source (g) 

= Density of source (g cm,3) P 
t = Half thickness of source (cm) 

2" (to account for I Bq distributed over two halves of the source) 

For sealed gaseous sources, CONTACT is taken to be 0.5 cm2 (the typical dimension of a source) 

and M is 6.15 10-4 g. 

Values of M, P'"2
t 

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,3) t/2 (em) U (g em·2j 

Liquids 1.00 10' 1.00 (water)(4) 5.0010'1 5.00 10" 

Dispersable 3.00 10' 1.12 (resin)(4) 1.5010.1 1.6810.1 

solids 

Capsule 8.0010-4 5.00 (iron mixed)(4) 8.0010.5 4.00 10-4 

Foil 4.00 10-4 5.00 (iron mixed)(4) 5.0010'5 2.00 10-4 

Gaseous 61510-4 1.23 10.3 

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

CONTACT
 
E '" Hskin wskin BODY
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82 

where:	 E = Effective dose (Sv {I) 

wskin = Tissue weighting factor = 
BODY = Total skin area = 1 104 cmZ 

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 fire. 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.S, 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 Accidental (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 I 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: 

where: = Average annual skin equivalent dose (Sv y.l) Hskin 
As = Activity per unit area if spillage occurs (Bq cm'Z) 

T = Exposure time (h) if spillage occurs 

(= 0.16 h) 

R7 = Skin equivalent dose rate to the basal layer of the skin epidermis, 

for gamma irradiation (7 mg cm'Z)§ (Sv h'l per Bq cm·Z)3 

Rg = Skin equiValent dose rate to the basal layer of the skin epidermis, 

for beta irradiation (4 mg cm'z) (Sv h· i per Bq cm-z)z 

s = Probability of exposure occurring in a year 
(= 1 10,2 y,l) 

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 radioactive material is being used in solution 

(liquid) or as a powder (dispersable solid). The mass of the solution is assumed to be 1 101 g and 

§Assume density of skin is approximately equivalent to that of water (1 g cm.3) 



the }X)wder 3 101 g. During a procedure, an accident occurs and all of the solution or }X)wder is 

assumed to be spilt onto a working swiace. It is assumed that 10% of this material is transferred 
6to the back of the hands and arms with a de}X)sit thickness of 1 10-2 cm . 

Activity deposited on hands and arms 
As = 

Area of skin in contact with spilt source 

A f
 

CONTACT
 

where:	 A == Activity of source before spillage (I Bq) 

f ;: Fraction of spilt material transferred to hands (== 1 10-1)6 

CONTACT == Area of skin in contact with spilt source 

CONTACT is calculated by dividing the mass of de}X)sit on the hands by the mass per unit area of 

the de}X)si t. 

CONTACT = M f = m 
pt U 

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

(= 1 101 g for liquids; 3 101 g for dispersable solids (typical source sizes)) 

f = Fraction of spilt material transferred to hands 

(= 1 10-1)6 

Density of de}X)sit on hands (g cm -3)P = 
(= 1 g cm-3 for liquids6; 5 10-1 g cm-3 for dispersable solids6)
 

= Thickness of de}X)sit on hands (cm)
 

(= 1 10-2 cm)6
 

m = Mass of source on hands (g)
 

(= 1 g for liquids; 3 g for dispersable solids)
 

Therefore CONTACT = 1 102 cm2 for liquids; 6 102 cm2 for solids 

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

CONTACT 
E =Hskin wskin ---,==""'~

BODY 

where:	 E ;: Effective dose (Sv yo!) 

Tissue weighting factor for skin == 1 10-25 
wskin =
 

BODY == Total skin area = 1 104 cm2
 

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 ~m 1 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 

is given by: 

where: = Average annual skin equivalent dose (Sv i 1
)Hskin
 

As = Activity per unit area (Bq cm-2) if spillage occurs
 

T = Exposure time (h) if spillage occurs 

(= 0.16 h) 

R7 . - Skin equivalent dose rate to the basal layer of skin epidermis for 

gamma irradiation (7 mg cm-z)11 (Sv h- 1 per Bq cm-Z)3 

Rg = Skin equivalent dose rate to the basal layer of the epidermis for beta irradiation 

(4 mg cm·2) (Sv h- 1 per Bq cm-Z)2 

s = Probability of an exposure occurring in a year 

(= I 10-2 i 1) 

The activity 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 1 101 g or 3 101 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 
6at a deposit thickness of 1 10'3 cm . 

Activity deposited on faceAs :: ....,..._---,:--:-...,.;.......,..-~ :_:_--
Area of skin in contact with source
 

A f
 

CONTACT
 

where: A = Activity 

f Fraction of spilt material transferred to hands and then to face 

(= 10-1 x 10,1 = 1 10.2)6 

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 :: M f m
 
p t U
 

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

(= 1 101 g for liquids; 3 101 g for dispersable solids (typical source sizes». 

II Assume density of skin is approximately equivalent to that of water (1 g cm,3) 
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f =	 FracLJon of spilt material transferred to hands and then to face
 

(= 10,1 x 10-1 = 1 W-2)6
 

P =	 Density of deposit on face (g cm-3)
 

(= 1 g cm-3 for liquids6; 5 10- 1 g cm-3 for soIids~
 

Thickness of deposit on face (cm)
 

(= 1 10-3 cm)6
 

m =	 Mass of source on face (gJ
 

(= 1 10-1 g for liquids; 3 10-1 g for solids)
 

Therefore CONTACT =1 102 cm2 for liquids; 6 leY for solids. 

The effective dose resulting from face contamination is given by: 

CONTACT
E = Hskin Wskin ----,=-=~.,.._

BODY 

where:	 E = Effective dose (Sv y-I) for skin 

wskin == Tissue weighting factor for skin == 1 10-25
 

BODY == Total skin area == 1 104 cm2
 

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 m2 (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 extenl. The infinite plane geomerry effective dose 

equivalent faclOrl4 was multiplied by a geometry reduction facLOrl5 to account for the finite area 

of the spilt source. 

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

E == As T (R5+~) GEOM s 

where:	 E == Average annual effective dose (Sv y-I) 

As = Activity per unit area (Bq m-2) if spillage occurs 

T == Exposure time (h) if spillage occurs 

(= 0.16 h) 

R5+R6 = Effective dose rate 1 m above an infinite plane for gamma and beta radiation 

(Sv h- I per Bq m-2)14 

GEOM = Geometric reduction factor relating a contaminated area with radius 1.5 m LO 

an infinite plane 

(= 1 10-1)15 

S == Probability of exposure occurring in a year 

(== 1 10-2 y-I) 

53 



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

As -:-:::-::A=-"",," = A U 
AREA 

where: A = Activity of source (l Bq) 

AREA = Area of contamination (m2) 

(= 7 m2
) 

B2.4 Spillage: ingestion from bands 

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 I mg of 

spill material, (ie, I 10-5 of the total activity). 

The average annual committed effective dose from ingestion from contaminated hands 

following a spillage is given by: 

where:	 E Average annual committed effective dose (Sv y-I) = 
A = Activity of source (l Bq) 

f = Fraction of total activity which is ingested if spillage occurs 

(= 1 10-5 (0.001 %» 
= Committed effective dose per unit intake for ingestion (Sv Bq-I)12 ~ 

s =	 Probability of exposure occurring in a year
 

(= 1 10-2 y-I)
 

B2.5	 Spillage: inhalation 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-3. 

The average annual committed effective dose from inhalation of aerosols or dust from a 

spilt source is given by: 

1
Ec = A T INH RJO Dust s M 

where:	 E = Average annual committed effective dose (Sv y.l) c 

A = Activity of source (l Bq) 

T = exposure time (h) if spillage occurs 

(=0.16h) 

INH = Breathing rate (m3 h-I) 

(= 1 m3 h-I)ll 

= Committed effective dose per unit intake for inhalation (Sv Bq-l)12. 

54
 



s =	 Probability of exposure occurring in a year 

(= 1 10-2 {l) 

M =	 Mass of spilt source (g)
 

(= 1 102 g)
 

Dust =	 Concentration of airborne dust (g m-3
)
 

(= 5 10-3 g m-3)
 

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

This pathway assumes that an aerosol or dust cloud is formed from spilling a solution 

(liquid) or powder (dispersable solid), it disperses uniformly in a working room of 32 m3 and 

remains airborne for at least 10 minutes_ The individual is assumed to remain in the room for a 

period 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 airborne fraction which is radioactive depends on the volatility of 

the particular radionuclides. 

For the spilt solid it is assumed that an airborne dust concentration of 5 mg m-3 occurs 

throughout the room which, for a 30 g source. constitutes 0.53% of the total mass spill. 

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: 

E = XT (CR! CF1) + CR2 cn W Skin)) s
 

h
 

where:	 E = Average annual effective dose (Sv y-!) 

X = Activity per unit volume of air (Bq m-3) if spillage occurs 

T = Exposure time (h) if spillage occurs 

(= 0.16 h) 

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

CFI = Effective dose rate in a semi-infinite cloud for 1 Bq m-3 per MeV of gamma 

energy. «Sv y-!) per (Bq m-3 MeV)) 

(= 1.6 10-6 «Sv it) per (Bq m-3 MeV)))!6 

= The average beta energy per disintegration (MeV)8 

= Skin equivalent dose rate in a semi-infinite cloud for 1 Bq m-3 per MeV of 

beta energy 

«Sv y-!) per (Bq m-3 MeV)) 

(= 2 10-6 «Sv yo!) per (Bq m-3 MeV)))!6 

wskin = Tissue weighting factor = 1 10-
25
 

s = Probability of exposure occurring in a year
 

(= 1 10-2 it)
 

h = Number of hours in a year (h yo!)
 

(= 8760 hi!)
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The activity per unit volume, X. is calculated from the activity using the following method: 

For liquids: 

AfV =AUVx 
VOL 

For dispersable solids: 

A fX= __ =AU
 
VOL
 

where: A = Activity of source (l Bq) 

f = Fraction of source dispersed into room 

(= 1 for liquids; 5.3 10,3 for solids (Typical value for a small source)) 

V = Volatility of radionuclide 

VOL = Volume of room source is dispersed in (m3) 

(= 32 m3 (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 

area of the workplace, to a thickness of 0.1 mm6. The skin dose was calculated assuming that a 

skin area of 100 cm2 was exposed to the deposit for 10 minutes. This is likely to be the pans of 

the face or the back of the hands, where the skin thickness is only 40 Ilm6. 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: 

where: = Average annual skin equivalent dose (Sv y'1) 

= Activity per unit area (Bq cm,2) if fire occurs 

T = Exposure time (h) if fire occurs 

(=0.16h) 

R7 = Skin equivalent dose rate to basal layer of skin epidermis for gamma irradiation 

(7 mg cm'2)" (Sv h,l per Bq cm'2)3 

Rs = Skin equivalent dose rate to basal layer of skin epidermis for beta irradiation 

(4 mg cm,2) (Sv h,l per Bq cm'2)2 

s = Probability of an exposure occurring in a year 
(= 1 10,2 y,l) 

..Assume density of skin is approximately equivalent to that of water, (l g cm-3). 
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The activity per unit area, As, is calculated. from the activity using the following method. 

It is assumed that the ignited source produces a smoke cloud in which ash is deposited over 

a large area at a unifonn activity per unit area. However, only 100 cm 2 of this deposit results in 

a dose to the exposed skin of the individual. The fonn of the deposit is likely to be water droplets 

for liquids and ash for all other waste fonns. Gases are assumed. to give no deposit - external doses 

from this waste fonn are considered for the cloud gamma and beta pathway (section B2.9). 

A cAs 
AREA 

where: A = Activity of source before ignition (l Bq) 

c = Fraction of source which is combusted into ash/water vapour 

(=1 for liquids; 1 10-2 for all other waste fonns) 

AREA = Area of surface contaminated with ash/water droplets (cm2) 

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. 

Mc m
AREA '" '" P t U 

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

(= 1 102 for all waste fonn) 

C = Fraction of source which is combusted 

(= 1 for liquids; 1 10,2 for all other waste fonns) 

p = Density of deposit on surface (g cm,3) 

(= 5 10,1 g cm'3)6 

= Thickness of deposit (cm) 

(= 1 10,2 cm)6 

m = Mass of combusted material fanning deposit (g) 

(= 1 102 g for liquids; 1 g for all other waste fonns) 

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

CONTACT
E '" Hskin wskin _=-=-=-=-~

BODY 

where: E = Effective dose (Sv) 

wskin = Tissue weighting factor = 1 10-25 

CONTACT = Area of skin contamination = 1 102 cm2 

BODY = Total skin area = 1 104 cm2 
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82.8 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 after 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 m3 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 T INH RIO s 

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

Activity per unit volume of air (Bq m'3) if fire occursX =
 

T = Exposure time (h) if fire occurs
 

(=0.16h)
 

INH Breathing rate (m3 h'l)
= 
(= 1 m3 h'l)11 

Committed effective dose per unit intake for inhalation (Sv Bq'1)12 RIO =
 

s = Probability of exposure occurring in a year
 

(= I 10,2 y'l)
 

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

X ",AC"'AUc
 
VOL
 

where: A = Activity of source before ignition (1 Bq) 

c = Fraction of source which is combusted into ash 

(= 1 for liquids; 1 10,2 for all other waste forms) 

VOL = Volume of room in which aerosoi or ash is dispersed (m3) 

(= 32 m2) 

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 (RI CF1) + (R2 CF2 w skin») s 
E
 

h
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where:	 E = Average annual effective dose (5v y-1) 

X = Activity per unit volume of air (Bq m-3
) if fire occurs 

T = Exposure time (h) if fire occurs 

(= 0.16 h) 

R1 = The average gamma photon energy per disintegration (MeV)8 

CFI = Effective dose rate in a semi-infinite cloud for 1 Bq m-3 per MeV of gamma 

energy.
 

«5v yol) per (Bq m-3.MeV»
 

(= 1.6 10-6 «5v y-1) per (Bq m-3.MeV»)16
 

R2 =	 The average beta energy per disintegration (MeV)8 

CF2 =	 5kin equivalent dose rale in a semi-infmite cloud for 1 Bq m-3 per MeV of 

beta energy. 

«5v y-l) per (Bq m-3.MeV» 

(= 2 10-6 «5v y-1) per (Bq m-3.MeV»)16 

= Tissue weighting factor = 1 10-
25 

W skin
 

S = Probability of exposure occurring in a year
 

(= 1 10-2 y-l)
 

h = Number of hours in a year (h y-l)
 

(= 8760 h y-l)
 

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

Ac =AUcX 
VOL 

where: A = Activity of source before ignition (l Bq) 

c = Fraction of source which is combusted into ash 

(= 1 for liquids; I 10-2 for all other waste forms) 

VOL = Volume of room in which aerosol or ash is dispersed (m3) 

(= 32 m3) 

B3	 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). 

B3.1	 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 hi1). 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 !.hick slab geometry. 

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

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

CD = Diluted activity concentration (Bq g.l) 

T = EXJXJsure time (h y-I) 

(= 300 h y.l) 

GAM = Effective dose rate 1 m above an infinite !.hick slab of 1 Bq g-I, per MeV of 

gamma energy ((Sv h-I) per (Bq g-I.MeV)) 

(= 3 10-7 ((Sv h-I) per (Bq g-I.MeV)))7 

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

s = Probability of exposure occurring in a year
 

(= 1 10-2 yol)
 

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

manner: 

For source activity: 

A
CD = - DECAY 

M 

where: A = Source activity (l Bq) 

M = Mass of waste tip (g) 

(= 1.5 1010 g)6 

DECAY = Fraction of radionuclide remalnmg 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 landftll 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 lOO kg of soil, for a period of 

5000 hly. 

In both cases the doses are the same.
 

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

E = _A 
T INH R lO Dust s DECAY
 

M
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where:	 E == Average annual committed effective dose (Sv y<l) 

A == Source activity (1 Bq) 

M == Mass of source (g) 

(== 1 g)
 

T == Exposure time (h) if exposure occurs
 

(== 1 h)
 

INH == Breathing rate (m3 h-1)
 

(== 1 m3 h-1)11 

RIO == Committed effective dose per unit int2ke for inhalation (Sv Bq-I)12 

Dust == Concentration of airborne dust (g m-3) 

(== 1 10-3 g m-3)7 

s == Probability of exposure occurring in a year 

(== 1 10-2 y<l) 

DECAY == Fraction of radionuclide remammg after 24 hours of radioactive decay 

(daughters not considered) 

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

given by: 

E == CD T INH R lO Dust 

where:	 E == Committed effective dose (Sv y-l) 

CD == Diluted activity concentration (Bq g-l) 

T == Exposure time (h) if contamination occurs 

(== 5 103 h)
 

INH == Breathing rate (m3 h-I)
 

(::: 1 m3 h-I)II
 

RIO ::: Committed effective dose per unit int2ke for inhalation (Sv Bq-I )12 

Dust ::: Concentration of airborne dust (g m-3) 

(= 2 10-4 g m-3 (typical outside dust level» 

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

manner: 

A
CD == _DECAY 

M 

where: A ::: Source activity (1 Bq) 

M ::: Mass of soil in which source is diluted 

(::: 1 105 g) 

DECAY ::: Fraction of radionuclide remaining after 24 hours of radioactive decay 

(daughters are not considered) 

83.3	 External exposure to skin from handling object from a landfill site 

It is 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 3 101 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 ~ 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 propenies (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: 

where: = Average annual skin equivalent dose (Sv {l)Hskin 

As = Activity per unit area (Bq cm2
) if contamination occurs 

T = Exposure time (h) if contamination occurs 

(= 8 h) 

R7 = Skin equivalent dose rate to the basal layer of skin epidermis for 

gamma irradiation 

(7 mg cm-2)tt (Sv h-1 per Bq cm-2)3 

= Skin equivalent dose rate to the basal layer of skin epidermis for beta irradiation RZ4
 
(40 mg cm-Z) (Sv h-1 per Bq cm-Z)Z
 

s = Probability of exposure occuning in a year
 

(= 1 10-2 y-l)
 

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

As ",",="",~A~= DECAY 
CONTACT 

where: A = Activity of source (l 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, assuming the 

two halves of the source are in contact with the skin. 

CONTACT = ~ = M 
(p ..:) u 

2 

ttAssume density of skin is approximately equivalent to that of water, (l g cm-3). 
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where: M =	 Mass of source (g) 

(= 3 10 1 g for dispersable solids) 

p = Density of source (g cm-3
)
 

(= 1.12 g cm-3)4
 

t 
= Half thickness of source (cm)
 

"2 (= 1.5 10-1 cm) 

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

CONTACT
E '" Hskin wskin	 _=~;--BODY 

where: E = Effective dose (Sv y.l) 

25 
Wskin = Tissue weighting factor for skin = 1 10

2
BODY = Total skin area = 1 104 cm

83.4	 Ingestion of an object from a landfill site 

A member of the public is assumed to be walking over a landfill site and fmds a 

radioactive source or an object contaminated with radioactivity which has seeped from a source. 

The individual is then assumed to inadvertently 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 commined effective dose for ingestion of an object found on a landfill 

site is given by: 

For unit activity: E = A ~ f DECAY 

where: E = Average annual committed effective dose (Sv y"1) 

A = Activity of source (l Bq) 

Committed effective dose per unit intake for ingestion (Sv Bq-I)12 = ~ 
f = Fraction of source ingested 

(= 1 10-3) 

DECAY = Fraction of parent radionuclide 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 fonnulae 

described in Appendix a to calculate doses in the main study. 
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TABLE B1 RADIONUClIDE DEPENDENT DATA 

INUCUQt: W!'STE FORM Rl(l) 

MEANENEroY 
PER DlSIHT'N 

GAMMA 
MEV 

R2(1) 

MEANENEroY 
PERDlSIHTH 

BETA 
MEV 

R5&~(21 

GAAOAA a BETA 
SHot-INFINITE 

P\ANE 
8,""per Bqhn2 

R7 (3) 

OAINA 
SKIN 

ooSE 7mll'em2 
Sv.tl per BqIcrn 2 

~(4) 

BETA 
SKIN 

OOSE oImgicm2 
Sv.tl per BqIcrn2 

R24(4) 

BETA 
SKIN 

DOSE 4O-nrn2 
S,"" per ll<fan2 

R9(5,8j 

INGESTION 
DPUIICRPro 
(max)SvlBq 

Hl01~,8) 

INHAU-TION 
DPUllCRPllO 
(max)SvIBq 

H-3 

H-3 
H-3 
H-3 

UOUIO 
SOlJO 
GAS VAPOUR 
FOIL 

O.ooe.oo 5.ME-o:J oooe.oo O.ooe.oo oooe.oo oooe.oo t.llOE·ll 111(£-11 

0.7 SOlJO 404E-02 3.llCE:~ t.JOE-13 2llEE-<XI oooe.oo oooe.oo 3.JOE·l1 8SCE-11 

c-,. 
c·,. 
e-,. 

UOUIO 
SOUD 
GAS VAPOUR 

O.ooe.oo 41l5E-02 oooe.oo oooe.oo Q02£.m oooe.oo 5llOE·l0 58OE-l0 

0-15 GAS VAPOUR Ul2E.oo 7.J.4E-ol 36OE-12 5llCE:-ol! U U 

F·18 

F·18 

UOUIOS 
SOUDS 

lCl2E.oo 2 SCE-ol 3.201:·12 5llCE:-ol! 283E-06 525E-07 4.7OE-11 2 -4a:-1l 

H.22 
N.22 

LIOUIDS 
9OU09 

2.1;E.oo 1.lIoCE-ol 854E-12 t.2OE-o 2.4OE-06 3.77E-07 3.00e-OO 200e-OO 

H.:lC LIOUIDS 4.12E.oo 5.5:£-01 1.1JE-l1 111(£-0 277HJ6 8.ase-07 4.2OE-10 3.2a'O-10 

'!I-31 

'!I-31 

LIOUIDS 

9OU09 
886E-04 51l5E-01 H6E-13 532E-11 2.1l8E-06 Q52E-07 I.JOE-l0 SllCE:-ll 

P-32 
P-32 

LIOUIOS 
9OUOS 

O.ooe.oo 6.w:-ol 2.04E-13 oooe.oo 2.74E-06 1.2OE-06 2llOE-OO Oll,,-OO 

'P3ll/ 
'P3ll/ 

UOUIOS 
!lOUOS 

O.ooe.oo 7.8llE-02 O.ooe.oo oooe.oo lllOE-06 2.ase-oo 2.5OE-l0 Sooe-l0 

S-3Il 

S-3Il 

UOUIOS 
!lOUOS 

oooe.oo 4.eeE-02 oooe.oo oooe.oo QCl2E-07 oooe.oo 3.00e·l0 811(£-10 

CI-3ll 
CI-3ll 

LIOUID9 
9OU09 

1.52E-04 27E-01 2.55E-" 1 HE-II 251E-06 5JOE-07 UOE·l0 800e-OO 

'0-38 
'0-38 

UOUIOS 
9OU09 

1.4llE.oo l.53E.oo 4.!58E-12 6.llCE:-06 7.85£-06 2.oCSE-06 1.2OE·10 4.2a'O-11 

141-37 GAS VAPOUR 2.27E-04 U7E-o:J 2.72£.17 t.38E·l1 O.ooe.oo oooe.oo 

141-41 GAS VAPOUR l.21lE.oo UE-01 31tlE-12 7.88E-06 oooe.oo O.ooe.oo 

'K~ SOlI) 136E-C1 5ZlE-01 6.00e-13 800e-OO 24OE-06 Q5OE.m sooe-oo 3.J(E-OO 

1<-42 !lOUOS 27llE-ol 143E.oo l.25E-12 t.-4a:-06 715E-06 22QE-06 4.00e-10 311(£-10 

'K-43 
'K-43 

LIOUID9 
!lOUOS 

U;E-01 30QE-01 321E·12 5&E-06 2.JOE-06 8.11!lE.m 2.JOE-l0 1.llCE:-l0 

e.t5 !lOUOS 43!IE-06 772E-02 7.24E-22 211l:-1 1llOE-06 3ase-oo 8.llOE-l0 111(£-og 

c.4J' LIOUID9 
9OU09 

1.t6E+OO 3<l.!5E-01 3.oge·12 5.SCE-ol! 2JOE-06 6llOE.m 2.2OE-OO 1 llOE-OO 

90-48 

Se-46 

LIOUID9 
9OU09 

2.01E.oo 1.12E-01 805E·12 121E-07 t.04E-06 8.2llE-06 200e-OO 800e-OO 

'90-47 
'90-47 

LIOUIOS 
9OUOS 

1.OI!lE-01 UI2E-01 304E-13 56a:-og t.ll2E-06 324E-07 8llOE-l0 6.00e-lO 

'-' LIOUIOS 
9OUOS 

3.3!5E+OO 22l1E-01 U7E-12 1 ME-07 2 JOE-06 4.!58E.m 2.1oe-oo 12a:-OO 

IR19161 
POINT SOUR::E 
GAMMA 

Sv.tl per Bq 

oooe.oo 

404E-15 

oooe.oo 

102£-13 

102£-13 

242E-13 

4.12E-13 

8 ll6E-17 

oooe.oo 

oooe.oo 

~ 
oooe.oo 

<3") 
UJE·17 

U;E-13 

2.27E·17 

12llE·13 

156E-14 

21tlE-14 

Q69E-14 

82llE-21 

106E-13 

201E-13 

t.(leE-14 

3 J.5E·13 

IH2O (61 
POINT SOUR::E 
BETA 

Sv.tl per Bq 

O.ooe.oo 

o ooe.oo 

oooe.oo 

204E-l. 

l00e-15 

352E-16 

221E-14 

23!IE·14 

2.7OE-14 

786E-1Q 

oooe.oo 

221E-I5 

8.12E-" 

O.ooe.oo 

111llE-" 

212E·" 

S.72E-" 

124E-1. 

oooe+OO 

1 3I!lE-14 

1 ooe·17 

1 ll2E 16 

2.2OE16 

IVOlAT1UTY (7(9-:\5)) 

OF lXXJIOS 
FPACOF 
INVENTORY 

tooe.oo 

, ooe.oo 

l00e-ro 

looe.oo 

1 ooe.oo 



TABLE B1 RADIONUCLIDE DEPENDENT DATA
 

10) ..... 

INUWUt: Rt (1) 
MEANENEAGY 
PEROCSINrN 

GAMtM 
MEV 

R2(t) 
MEAN ENEMY 
PER OtSlNTN 

OCT" 
t.lEV 

R5&R6(2) 

QAM~&BETA 

SEMI·INFINITE 
PV.JlE 

S,"" per !lqkn 2 

R7(3) 

GAWM 
SI<IN 

00SE7m~ 

911'" per Bq!<:m 2 

~ 
BETA 
SKIN 

DOOE 4mgIcm2 
Sv"'per~ 

1R2>4 (4) 
BETA 
SI<IN 

D05E4Qn~ 
S,"" per Bqian2 

R9(5,8) 
INGESTION 
Of'Ui ICA~ 

(max) Svl8q 

Rl0(5,8) 
INHAlATION 

0f'U11C Ff'6O 
(ma»SvI8q 

IR1Q(G) 
POINTSOUF¥:;E 
GAM~ 

Sv,+, per 8q 

11120(8) 
POINT SOUF¥:;E 
BET" 

911"''1'''' Bq 

'13-35)) 

OFUOUIDS 
FRACOF 
INVENTORY 

'V-48 I.JOlIlOS Q~-o1 8o:E-01 866E-'2 5.06E-Oll 4 ooe-Oll I.28E.{)6 2 t!OE.()lI 2lKE-<lll Q94E·14 321E·14 
'V-48 SOUOO 

CI-51 UOUtOS 3.1SE-C2 3llllE-<l3 107E·13 15a'-Oll oooe..oo 0001:+00 5.JOE·l1 QIQ:·ll 357E·'5 oooe.OO 
CI-51 9OUlJt!l 

•.....51U UOUIOS D~-o1 DJE-ol 2oeE·t2 506E-Oll U7E-06 14QE.{)6 7.1oe·ll 25a'-11 D94E·'4 374E-14 
•.....51U SOUOO 

·...,·512 UOUtOS 34tE..oo 7.4EE-C2 1.000-tl I lKE-07 74l!E.()7 1.4QE-07 2.1oe.()ll lllOE-<lll 344E·13 7.46E·1D 
•.....52 OOUOO 

·.....san UOUIOS 2.41E..oo UJE..oo 7.541:-12 lJOE-o 5 G!IE-06 1.S1E-06 7.001:-11 200E-ll 241E-13 452E·14 

·.....san OOUOO 

',..,.53U UOUtOS I.3lIE.()3 401E.()3 5.46£-16 6.34E-1I oooe..oo 0001:..00 2 !IDE-I I 1251':·10 I.JIlE-Ie oooe.oo 
•.....530 9OUOS 

.....54 UOUtos S36E-ol 42;1E.()3 2.83E-12 8 HlE-Oll OOOE..oo 0001:..00 7.JOE-IO 1.7'OE.()Q 636E·14 O.ooe,oo 

~ UOUtos HlllE+OO 8.2llE-ol 5.31E-I2 10lE.()7 41SE.()6 133E.()6 2 JOE-I 0 D.tIOE-I' 169E·I3 3 J2E·14 

~ SOUOO 

~ UOU109 7.4OE-ol UJ::-o1 2.46£·12 UE-Oll I gJE.()6 3ll6E-07 I.5OE.()Q 32(lE.()Q 7401':-14 I QOE·17 

F.!515 FOIl 0001:..00 4.2a:.()3 7.G!IE-18 IIQ:.()8 OOOE..oo 0.001:+00 4001:-10 UlIo-l0 151E-1S oooe,oo 

F.Sll u::lUIOO UQE+OO U7E-01 3.«1"-12 6.2(E.(Ie U7E.()6 I.07E.()7 31oe.()Q 3.1Q:-<lll 12VE-13 545E-17 

'Co-5!IlI u::lUIOO UlOE+OO 42OE-ot 5D7E-12 l1!E.()7 2.JOE.()6 S58e.()7 I.2!5E.()Q 5.00E·l0 '_-13 lne·14 

'Co-5!IlI 9OUlJt!l 

Cc>58 UOUtOS 3.!!6E..oo 12E-01 1.03£-11 1.7'OE-o 124E.()6 24l!E-07 2.!IDE.(Ie lQ(J;.()8 356E-I3 1.00e-17 

Cc>57 I.JOlIlOS I.2!5E-01 IllllE-C2 4.47E·13 4.00E.()8 Uoe-07 0.001:+00 35OE.()g 2fltf:.()g I 25E-14 0001:,00 
Cc>57 9OUlJt!l 

Cc>!lll lJQUI09 D7SE.()1 341E-C2 3.•-12 700E.(Ie 4',E.()7 5ll2E.()8 UOE.()lI 87'OE.()8 UOE-I3 184£-17 
Cc>!lll 9OUlJt!l 

'Co-!lllm I.JOlIlOS 202E.()3 22lE-0:2 I.23E-15 1!IDE.()8 2.28E.()7 0.001:+00 4.1lOE-' I 3 JOE-' 1 202£-16 0001:..00 
'Co-!lllm SOUOS 

Cc>«l UOUIO 2!1llE'..oo Q.lI~-C2 7.1oe-12 I:U;.()7 I!3E.()6 285E.()8 D2(E.()8 eQ(J;.()8 2.71E·13 2 0llE·17 
Cc>«l CAI'SlJlE 

'Co«)n UOUIO 8llllE-03 578E-0:2 I.!l5E-14 700E-Oll 57llE.()7 1.2OE.()7 2.00e-12 61a:-13 6ME-18 5 7!IE·l D 
'Co«)n 9OUlJt!l 

'C0-61U uouro D06E-C2 U2E-01 4.ll6E-13 54E.()l 2JOE.()6 D24E-D7 ?1oe-" 2 !IDE-I I QQ6E·15 1 /l5E-14 
'C<H!1U 9OUOS 

'CcHl2mU uouro 27'OE..oo 1ose.oo 61oe·12 13!5E-D 525E.()6 188E.()6 5.00e·ll S.JOE-I2 27OE-'3 4.2OE·14 
'CcHl2mU SOUOS 

'!Ue UOUID 241E--D:' 4.55E.()3 l«e·15 1~·lC oooe.oo oooe+OO 61a:·ll ?JOE·l0 2.41E·1S oooe.oo 
'ff-5O 9OUlJt!l 

~ FOIl OOOE..oo 1.71E.Q2 oooe.oo oooe.oo 183E.()8 oooe..oo I Q(J;·10 l7lE.()ll OOOE,OO oooe.oo 

.~ uouro 5.oIIIE-01 82-01 I.78E-12 32OE.{)i' 318f'.()8 101E.()8 I!IDE·l0 D2OE-ll 5491':·14 253E 14 

.~ SOUOO 



TABLE B1 RADIONUClIDE DEPENDENT DATA 

6"
 
~ 

INUCUDE Hl(l) 

MEANEHERGY 
PER DISlNT'N 

GAANA 
MEV 

H2(1) 

MEANENEOOY 
PERDlSlNTN 

BETA 
MEV 

RlaHll(Zl 

GAMMA I BETA 
BElA-INFINITE 

PlANE 
9...tl p8' Bq.+n2 

R7/3) 
GAA9M 

Sl<:IN 
DOSE 7m 1r=2 
S>.I-" p8' BqIcm 2 

RB(.) 

BETA 
SKIN 

D06E~ 
S>.I-"porB<f=2 

I~(·) 

BETA 
SKIN 

DOSE .cm1r=2 
S...tlp8' Bcfan2 

R9(5,8) 
INGESTION 
OPUIICRPEIO 
(m .., Svrtlq 

Rl0(5,8) 
INHALATION 

0PU11CRP60 
(m ..)S>.I/llq 

IR10(G) 
POltlf SOUOCE 
GIWIM 

S>.I-" p8' !lq 

R20(G) 
POINT SOUOCE 
BETA 

S>.I-" p8'!lq 

~'~ \.(:;-=)) 

Of lJQUlDS 
FRACOf 
INVEtlfom' 

~ lJQUIDS U1E.()1 lZ!E.()1 813E-13 llKl:-oe 123E-oe 2.46E~7 UOE-IO 8~-11 191E-U 1~-17 

C<HW SOUOO 

zn~ lJQUIDS 5.81E~1 6ll7E~ 1.71E-12 5~-oe 377E-oe l.UE~ 3lJOE~ 5XE.(JQ 581E-U OOOE+OO 
zn~ SOUOO 

'zn.elI lJQUIDS 800E-oe 321E~' 7.13E-U 36a"·1 23OE-oe 8.«~7 300E·ll tlCJ:·ll G00E-l0 12llE·U 
'~ SOlIDS 

zr,..., lJQUIDS •.I8E~1 223E-G2 1.37E·12 25a:-oe 223E~7 U6E-oe • .201:-10 2~-10 • 16E·" OOOE.OO 

Ge-72 lJQUIDS 2l18E+OO USE.()1 !IOGE-12 1:W:~7 23OE-oe 9.9OE~7 1.3OE~ 5XE·1O 268E-13 196E·U 
Ge-72 SOUOS 

'0.71 lJQUIDS •.111E~ •.ll5E~ • ()(E·15 2.51E·l0 O~+OO OOOE+OO 2.roE·I2 3XE·ll .111E·16 OOOE+OO 
'0.71 SOlIDS 

'Ae-T3 lJQUIDS 1.61E-G2 803::-G2 315E-U 9seE·le 8.03Em 121E~7 2JlOE·l0 9.6a"-10 181E-15 803E·19 
'Ae-T3 9OUOS 

Ae-7. lJQUIDS 7.58e~1 28l!E~1 2.~-12 .55E-oe 23OE-oe 536E~7 1,~-CfI 2 XE-CfI 7.58E·U l~·15 

Ae-7. 90UDS 

,Ae-7lI I.JOUI09 U7E~l 1.000+OO 1.7~-12 7~-oe 53OE-oe 1.roE-oe 1.9OE~ 1.1CJ:-CfI .m-u .2~·U 

,Ae-7lI souos 

'Ae-n lJQUIDS lI.T7E~ 2.28E.()1 UJE-U 5.28E·1C 2.3OE-oe •.58E-C7 ._lJOE-l0 3.2lE-10 8.77E·16 221lE-16 
'Ae-n 9OUOS 

S.75 UOUIDS 3l1llE.()1 1.«E-G2 1.35E-12 • .2OI:-olI 1.7'E~7 3.31E~ 2.10E~ 2~~ JeIlE·U OOOE+OO 

S.75 9OUOS 

Br~ lJQUIDS 2.63E<OO 1.3l!E~1 8.12E-l2 1.5a:~ 13l1E-oe 27l1E~7 .lJOE-1O •.1CJ:-l0 263E-13 1.00E-17 
Br~ souos 

'Kr·7. GASVAI'OUR 1.151"<00 7.85E.()1 U5E·l2 O.OOE+OO OOOE+OO 785E·l6 

'Kr·7lI GAS VAPOUR •.31E.()1 1.5OE-G2 12llE-12 OOOE+OO O.OOE+OO 

'Kr·n GAS VAPOUR 1.0lE<OO 837E-ol 303::-12 OOOE+OO OOOE+OO 

'Kr-llI GAS vAPOUR 2.56E~1 2.~-G2 8X1E·13 0001:+00 OOOE+OO 

'Kr-lll GAS VAPOUR l.lBE-G2 51JE~ •.3OE·l. O.OOE+OO OOOE+OO 

'1Q--lI3m GASVAI'OUR 288E~ 3ll7E-G2 3ME·15 OOOE+OO OOOE+OO 

Kr-815 GAS VAPOUR 2.12E~ 2.5OE-ol 3.~-'. O~+OO OOOE+OO lOOE·IS 

'1Q--lI!5m GAS VAPOUR 1.58E.()1 255E.()1 8.00IE-13 O.OOE+OO OOOE+OO 

'Kr-ll7 GAS VAPOUR 7.9OE.()1 132E<OO 277E-12 OOOE+OO OOOE+OO 

'IQ--M- GAS VAPOUR 1.I12E+OO 3.81E.()1 5_lJOE-12 O.OOE+OO O.OOE+OO 

UOUIOS U5E-o:I 88l!E.()1 5.57E-13 51t:E-o\; 283E-oe 1.1~-oB 25OE~ I 7lt'-CfI o <l5€-1S 287E·1( 
~Illl 9OUOS 

'Sr-llO.u l.IClUlOS ,.25E+OO 2.01E+OO 3.75E-12 7.5OE-oe 1.01E-05 322E-oe 1.25E-12 8 X1E·l 3 1.25E·13 8 OtE·'. 
'Sr-eo.u 9OUOS 

'Sr~IU l.IClUlOS '.38E<OO 1I.lIIIE-01 •.'~-'2 8.2l!E-<lI! .lI8E-oB 
,__-os 

5801:·" 1.7lt'-1 , , 3llE·I3 396E-14 



TABLE B1 RADIONUCUDE DEPENDENT DATA
 

INUClJDE WAS It: t-OHM Rl (I) 
MEAN ENEMY 
PERDlSINrH 

CWAAA 
MEV 

R2(I) 
lAEAN ENERGY 
PER DISlNrN 

BET'" 
I.IE'I 

R5&R6 (2) 

OAMW.SBET... 
SE!of.INFINITE 

PlANE 
S..... per Bq.\Tl2 

'f1(3) 
GAJA(,t. 

SKIN 
DOSE 7m1l'<m2 
9II,t, per Bqlcrn2 

m(i) 
BET... 
SKIN 

DOSE 4mgIIm2 
911~ per 8qI<m2 

lR:Mlil 
BET'" 
SKIN 

DOSE 4On1l'<m2 
SVIIl per B<fan2 

All (5,8) 
INGESTION 
DPUIICRP8l 
(max)Sv~ 

RIO (5,8) 
INW.LA.TION 

DPUIICRP60 
(max)9v&! 

"91'-.'110 SOlD3 

"9r-uJ UOUtOS 
"9r-uJ SOUOS 

7711E~1 UllE~1 2.34£-12 U7E~ 1411E-06 2.ll6E-07 8 JOE-I 0 50CE-l0 

9<.,11.5 UOUtOS 
9<.,115 SOUOS 

5.IIE~1 8117E-03 tl16E-l2 VC£-tllI t7IE-tllI 8.33E-09 5.JOE-l0 lJce-09 

9r-a5m lJOUlOS 21l1E~1 IZ!E-02 7.4l1E-13 131E-tllI 122£~7 2.«E-08 5.8OE-12 2.2a:-12 

9r-.'l7lT1 LkXJIOS 32OE~1 86l1E-02 105E-12 lWE-08 869E~7 1.34E~7 300E-II UCE-tl 

9<. lJQUlOS 
9<-.'!ll SOUOS 

845E.(l5 51l3E~1 243E-13 VC£-12 283E-06 U2E-06 38OE-09 12a:-QIJ 

9I'-llO+ lJQUlOS 
9r·lllh SOUOS 
9I'-llO-+ FOIL 

18llE-06 U3E+OO 3ll8E-13 24CE-12 5UE-06 USE-06 2.8OE-08 3.~-07 

"91'-91 lJOUlOS 
"8f-lll SOUOS 

U3E~1 8.55E~1 2361:-12 ',8E-tllI 283E-06 1.08E-<l6 111llE-IO 4.7OE-l0 

"9r-ll2 UOUIDS 
"91'.\12 SOUOS 

1.34£+00 1~-o1 375E·I2 804E-QIJ I ll6E-Qll 3ll2E~7 510E·IO 210E-l0 

Y·IID UOUIOS 
Y-IID SOUOS 

18GE-tllI 03SE~1 383E-13 24CE-I2 274E-06 1.37E-<l6 42OE-09 21lOE-09 

"Y-lI1 lJQUlOS 
"Y-lIl SOUOS 

38IE~ 802E-01 2.83E-13 1 0lE-l0 2.83E-06 U3E-08 400E-09 1.4CE-Qll 

"Y-lI1m lJOUlOS 
"Y-lI1m SOlD3 

5.JOE~1 273E-02 1.72E·12 3' BE-08 2.73E~7 oooe+OO 1.2OE-II 2Jce-09 

'Y-lI2 LIOUlOS 
"Y-lI2 SOUOS 

251E~1 U4E.oo 12!iE-12 151E~ 1.2OE-06 2JOE-08 4roe·IO 2.10E-l0 

"Y-lI3 lJOUlOS 
"Y-lI3 SOUOS 

8llllE-a2 U7E+OO 1.lllE-13 5U:~ 585E.()6 1.87E-08 UO£-09 8.2OE-l0 

"2l'-a8U lJOUlOS 
"2l'-a8U SOUOS 

2.IllIE-01 3.01E.Q2 llllllE·13 U3E-{l8 301E-<l7 oooe+OO lOOE-09 555E-IO 

"2l'-alU lJOUlOS 
"1I-alU 9OUOS 

4.02£-01 UI2E-02 1.2llf:·12 241E-{l8 182E-<l7 oooe+OO 500E-l0 8Jce-{)O 

'1I-8lllJ lJOUlOS 
"2l'-8lllJ 9OUOS 

uee+OO 100E-01 3S5E-12 8ll8E-Oll lO1E.()6 2.02E-07 8 JOE-I 0 5.eOE·l0 

"2l'-lI:» UClIm9 
"lI-l1:» SOlD3 

UIE~ '.ll(E-02 33l1E-15 USE-,e 'llOE-<l7 oooe+OO 1.21 E-09 5 0lIE.()6 

2l'.Q5 lJOUlOS 
1I.Q5 9OUOS 

1.3lIE-01 UBE-01 2.34£-12 '2(J".()6 1lWE.()6 845E-08 1.JOE-09 42a:-09 

'1I-91. UClIm9 
"1I-111. 9OUOS 

831Hl UlIE-01 312E-12 4lll1E-oe J !5Oe.()6 U2E-06 2.88E-09 132E'-09 

"M>-.'IIlU UClIm9 
-~ 9OUOS 

.,2E+OO I ZlE.oo I 24f." 208E.(J1 815E.()6 1ll7E-06 2!5Oe·l I 8 Jce·12 

"PI>-8lI(Il8lU lJOUI09 
"MHlll(M)U 9OU09 

t 1ll1£+OO 1I31E~1 57l!E-12 I 15E-07 418e.()6 133E-06 12!iE-IO 50CE·tl 

RIll(6) 
POINT 9OUACf: 
GAAAw. 

9II,t, per Bq 

7711E-U 

511E-14 

21S1E-14 

32OE-14 

o 6OE-t8 

3ll5E-Ill 

8.ll3E·U 

0) 134E-13 
CD 

18GE·l11 

381E-18 

5 JOE. I4 

251E-14 

88llf:-IS 

2ME-14 

402E·U 

USE-13 

lOIE-18 

'3l1E-U 

831E-U 

4121:-'3 

I D2f-IJ 

R20(6)
 

POINT SOURCE
 

BET'" 
911~ per Bq 

l00E-17 

OOOE+OO 

OOOE+OO 

, 00E-17 

2201:-14 

31l2E-14 

2ll2E-U 

7 ME·1S 

374E-14 

241E·U 

oooe,oo 

578E·U 

4881E-U 

oooe..oo 

oooe.OO 

10CE-11 

OOOE..oo 

l00E-17 

2 !IO€·U 

4 D2f.,. 

3J2'E14 

IVOLATIUTY (7(3351) 
OFUOUIDS 
FRACOF
 
INVENTORY
 



TABLE B1 RADIONUClIDE DEPENDENT DATA 

-J
 
CJ 

NUCUOE Rt(l) 
MEANENEroY 
PERDlSlHTN 
~A 

MEV 

R2(I) 
MEANENEroY 
PERDISINTN 

BETA 
lAEV 

R5&R6(21 
GAMMA 8 BETA 
SEM-INANfTE 

PlANE 
9'o'1h per Bq.\n2 

R7(3) 

OAANI. 
SKIN 

OOSE 7tnlr=2 
Sv,t, per Bq!<rn2 

RIl (4) 
BETA 
SKIN 

DOSE~ 
9.I,t, per BqIcm2 

1R:l4(4) 
BETA 
SKIN 

DOSE 4Onlr=2 
9'o'1h per B<yan2 

RIl(S,8) 
INGESTION 
DPUIICRPOO 
(max) SYI'Bq 

Rl0(S,5) 
INHAlAlION 

DPUIICRP6IJ 
(max)SvIBq 

R19(6) 
POINTSOU~ 

OMIIM 
Sv,t,per 8q 

fQO(6) 
POINT SOUR::E 
BETA 

9.I,t, per 6q 

IVOlA TlU TY (1(3-35)) 
OfUOUIOS 
F~Of 

INVENTORY 

'1f>.S(1221UUOUI09 
"~I221USOUOS 

1.:J7E+OO l11E+OO 4.11E-12 822£-00 S55£-06 1.78E-06 25OE-l0 8.:n-!' 137E-13 4 «f'-U 

"fI>«IJ lKlUlO9 
'hb-lIOJ SOU09 

4.2lJE+OO 402E'()1 1.22£-11 21l1:'() 2JOE-06 8.04E.()7 t.JOE-09 56(E-l0 42OE-13 181E·" 

"hb-lOn lKlUlO9 
'hb-lOn SOU09 

t.01E-o:J 28E-02 33l1E-1S USE-IC OOOE+OO O.OOE+OO 210£·10 7.QlI:.()Q I 9lE·18 O.OOE+OO 

'hb-04 lKlUlO9 
'hb-04 SOU09 

t.57E+OO t.8(£.()! U7E·12 1142E-OO 2.17E-06 t.83E'()7 23OE.()Q 1 1lI:.()7 t.57E·13 t.OOE-17 

"hb-lI&nU lKlUlO9 
"hb-lI&nU SOU09 

6.8JE-o:1 t.6EiE'()1 2.26E·13 4.1l1:-OO 2.17E-06 18JE.()7 8251:·10 825E-l0 88JE-1S l00E-17 

Nb-1I5 UOUlO9 
Nb-1I5 SOUOS 

788E.()! U.cE-02 2.42E-12 4.:n-oo 7.31E.()7 205E-09 77OE·l0 16(E.()Q 766£·14 O.OOE+OO 

'hb-MJ lJOUtDS 
.~ SOUOS 

27.cE+OO 2S1E.()1 7.8(£-12 t.37E'() 2JOE-06 502E'()7 1.25E-OO 5.6(E-l0 2.74E-13 l00E-1S 

'Nb47 lJOUtDS 
'Nb47 SOUOS 

8.52£-01 U7E-01 22l1E-12 3lI1E-olI 28JE.06 IIl12E.()7 8 .we·l 1 2.:n-l1 852£·14 t.87E·14 

...,. UOU108 
'hb-lllI 9OUOS 

HJE+OO 8.&E-01 72l1E-12 14eE'() 4.42E-06 1.41E-olI 1.10£-10 3:n·l1 766£·14 3.5.cE·U 

'MD«l UOU109 
'MD«l SOU09 

8.28E-01 2.03£-01 248E·12 4.lIlI: -<lfI 2 JOE-oll 406E.()7 7.lIOE·l0 3.5OE·l0 826E-14 l00E-1S 

•.....oJ UOU109 
'~1I3 SOU09 

107E-02 5.54E-03 t.8I1E-14 84<£·IC OOOE+OO O.OOE+OO 2l1OE·l0 35OE·l0 t.07E·1S OOOE+OO 

'~U UOU109 
'~U SOU09 

2.2!5E+OO 1I.65E-02 8.15£·12 UJE.()7 lI.85E.()7 1.lIJE-07 2!1OE·l0 t.OOE·l0 2251:·13 t.OOE-17 

Mo-lIll lKlUlO9 
Mo-lIll SOU09 

1.!1OE-01 3.01E'()1 8.211lE·13 II. 1lI:.()ll 2.8JE-olI 8.11 E-07 t.QlI:-olI t.:n-oll 15OE-14 156E-14 

'~101 UOUlO9 
'~101 SOU09 

1.32E+OO 58JE-01 4.lI2E·12 7.lI:2E.()6 2l1:2E-06 1I.33E-07 4.:n·l1 t.:n-tl 132E-13 23JE-U 

"'~lllI UOUlO9 
"'~118 9OUOS 

2.«+00 8.15£.oJ 7.ME-12 1.~-07 8.15£-08 OOOE+OO 8.!IOE·l0 8 QlI:-l0 24l1E-13 OOOE,OO 

.,..,." UOU109 

.,..,." 9OUOS 
5.11E-0:2 2.72E-02 1.3llE-13 307E-olI 27'2E.()7 OOOE+OO t.OOE-ll 8.8OE-12 S tlE·15 OOOE+OO 

"'~117 lJQUI09 

"'~117 9OUOS 
UE-o:i 5.57E-03 20l1E·14 8.84E-1( 557E-08 O.OOE+OO 7.:n-l1 210:-10 llE·1S OOOE,OO 

"Te>97rn lKlUlO9 
"'~7m 9OlIOS 

O.!ieE-o:J 88(£-02 t.lIOE-14 S15£·1C 868E.()7 1.7.cE.()7 57OE·l0 t.5OE-OO g !ieE·18 t.OOE·17 

'T~IIO lJQUI09 

'T<>IIO 9OlI09 
OOOE+OO 1.01E-01 t.lI5E·18 O.OOE+OO Il1OE-oli 1.37E-olI 8.7OE-l0 24OE.()Q OOOE.oo lOOE·17 

To.-.. lJQUI09 

To.-.. 9OU08 
12l1E-01 t.8:!E-02 U1E-13 7.7lE.()ll 331E.()7 OOOE+OO 210£-11 UO£·tl 12tl£·l4 OOOE,OO 

.f\t-lI7 lJOUIOS 
"f\t-lI7 9OU08 

2..3IIE-01 133E-02 1I.0lIE-13 l.oC3E-olI 133E.()7 O.OOE+OO 2..00E-l0 I.:n·IO 2.:JlIE. u OOOE,OO 



TABLE B1 RADIONUCUDE DEPENDENT DATA
 

....
....
 

NUCUDE """'~"VHM AI (1) 

MEANENERClY 
PERDlSINnI 

Q,fJ,9,IA 
MEV 

R2(f) 
MEAN ENERGY 
PERDISINrN 

BETA 
MEV 

R5&R6(2l 
GAMWlIBET" 
SE"'-IN FINITE 

PlANE 
S.... per Bq,\n2 

R7(3) 
Q..tJAMI\ 

SKIN 
OOSE 7tnir=2 
911'" per Bqlttn2 

RS(4) 

BET" 
SKIN 

IJOSf: 4mg!lm2 
3'<'" per Bq.\:m2 

[R:l4 (4) 

BET" 
SKIN 

ooeE4()n~ 

s .... per Bq'an2 

FW(~,6J 

INGESTION 
lJPUllCRPeJ 

(m...' SV>l3q 

H1U(~,8) 

INIW-'TION 
DPUIICAP60 
(m ...)SviBq 

H1Y\6) 

POINT SOURCE 
GAMWI 

gy,hper Bq 

IR20 (8) 
POINT 90URCE 

BET" 
av", per Bq 

(713-35» 
OfUOUIDS 
FR.o\C Of 
INVENTORY 

!'blOO l.IOUIlJS 4llOE-el 7.~-{)2 1.56E-12 27t'E.{lf! 1.26E.oo 2.4OE.()8 I.Hlf'.al IlKE.oo •.69E-l. 1(lOE-17 

'RrI05 
'RrI05 

l.IOUIlJS 
90UDS 

7.~-el 3D7E.oI 2.64E-12 4~.()8 2.1l3E.()8 8.Il8E.o7 2.QOe·10 13a:·IO 7.~-14 159E·l. 

!'bl~ 

!'bl~ 

BOUDS 
lJOUlD9 

200E.ol 141E.oo USE·12 1.2a:.oe 2 S5E.()8 11IOE.()8 l.lOE.o& I 3a:-07 22610·1. 962E·" 

'ft\·103m 
'''''103m 

LlOUtOS 
9OUOS 

1~-OO 311OE-{)2 369E-IS 1ll(lf'.()lI OOOE.oo oooe.oo 37OE-I2 1.4<1'-12 I 75E-18 OOOE+OO 

''''''05 
''''''05 

lJQUlO9 

BOUDS 
7.76E-{)2 1.53E.oI 264E-13 466E.al 2.05E.()8 24OE.07 54OE·10 3.1{1O·IO 7.nE·IS , DOE·17 

'P\l-IOO 
'P\l-IOO 

lJOUID9 
90UDS 

145E-{)2 587E-03 3M·I. 8.7OE·IO o DOE+OO O.OOE.oo 310E-10 .7OE·IO USE· I5 OOOE+OO 

'P\l-IOO 
'P\l-l00 

I.IOUIOS 
90UDS 

t.l7E-{)2 437£.01 100E·13 7 02E-IO 2:J)E.()8 874E.o7 720E·IO 33a:·IO II7E-IS I 75E·l. 

'''9-105 
'''9-' 05 

lJQUIOS 
9OUOS 

523E-el IllOE-{)2 t51E·12 31E.o& 1 llClE-07 O.OOE.oo 5.1IOE·10 1.2a:.()g 523E-14 OOOE+OO 

'''9- ,oem. 
'''0- loem. 

lJOUlOS 
SOlJD6 

IlI2£.oo 7.00E-{)2 521E-12 I.OOE.o7 2nE.07 1.ISE.o7 210E.()g 71{1O.()8 I.62E-13 1.00E-I7 

"9-11011 
"0-11011 

LJOUIOS 
SOUOS 

2.74E.oo 7. I3E-{)2 837£-12 15(I'.()7 7.1l8E.07 822E-<l6 300E.al 21{1O.()8 274E-13 1 DOE·17 

"9-' It 
"0-111 

lJQUIDS 

SOUOS 

283E-{)2 35E-01 tS2E-13 15(I'.()lI 2.3a:.()8 7.0#f£.07 2.00E.al UOE.al 263E'15 tQE-" 

ed-IOII FOIl 3.IlIE-03 827'E-{)2 300E·" 17OE.oli O.DOE.oo ODOE.oo 22l!E-OO 1ll(E-<l6 5 SSE·15 O.DOE.oo 

'C6-115 
'ed-It5 

l.JOUIlS 
SOUOS 

2.32E-el 302E.oI 7.35E-13 t3ClE.08 2.3a:.o& 804E-07 2.10E-Oll I.4OE-Oll 232£-" 12IE·14 

'C6-It5m 
'ed-l15m 
~ 

90UDS 
2.IQE.()2 8.OlIE.oI 3.ISE-13 1.3IE~ 283E.()8 U3E.()8 4 ll(E-OO 1.2a:-Oe 21QE·15 2.QE·,. 

h-m 
h-11t 

lJQUIOS 
90UDS 

388E.oI 314E-{)2 13lIE-12 3.4OE.08 411OE.07 1.26E.()8 3QOe·10 24<1'·10 .54E." o DOE +00 

h-113m 
h-113m 

lJQUlOS 
BOUDS 

2.57E-el 13E-el 8.52£·13 11d"-OO 95QE.07 400E.07 2ll(E·11 t.t {IO. It 257£-U I.DOE·17 

'h-lt'" 
'h-I1'" 

UOUIOS 
9OUOS 

942£.o;i 14:!E-el 307E·13 565E~ 142E.()8 2.&ce-07 84OE.()g 1 g(JE.()8 9QE-I5 , DOE· 17 

'h-I 15m 
'h-I ISm 

UOUlDS 
90UDS 

1.81E-el 172E.()1 5UE·13 1I1l8E.()g 1.72E-<l6 3.UE.07 8ll(E-lt 3~·1t 18IE·" I.DOE·17 

'~113 

'~lt3 

IJQU10S 

90UDS 
2.2l1E-{)2 835E-03 UIE·U 1.2a:.()8 o DOE +00 O.OOE.oo 12OE.()g 300E-OO 22l!E·15 o DOE +00 

'~I2! 

'~I25 

UOUIDS 
90UDS 

3. ItE-el 81llE.()1 I 23E·I2 187E.()jl 4 05E-06 IXlE.()8 5DOE-Oll 4em:.()g 311E·" 324E·14 

Sb-122 
Sb-122 

UOUIOS 
CAPSUl£ 

44OE.()1 58E.()1 I 84E·12 28E.()jl 2l12£.()8 11 0::!E-07 2.8OE.09 17UE-Oll • (()E·1. 2.2&·" 

Sb-12>4 UOU!OS 1.8OE.oo 38E.()1 562E·12 95(1'.()jl 24OE.()8 82l!E-07 38OE.()g 51llE-Oe IllOE·13 , 54E·14 



TABLE B1 RADIONUCLIDE DEPENDENT DATA
 

~
 
J0
 

INUGUut: RI(1) 

MEAN ENEmY 
PrnDISINrN 

GAMMA 
MEV 

R2(I) 

MEAN ENEmY 
PERDISINrN 

BETA 
MEV 

FMR6(21 
GAMroM I BETA 
SEMI-fNANfTE 

PlANE 
S""'per Bq.m2 

RT(31 

~ 

SKIN 
DOSE7tn~ 
9Y~ pili Bqkrn2 

R8(4) 

BETA 
9K1N 

DOSE~ 
Sv~ per B<Vcm2 

1H24(4) 

BETA 
SKIN 

DOSE4Qn~ 
s,"" per ll<yan2 

All (S.S) 

INGESTlON 
DPUIICRP9l 
(m ..)S~q 

RIO (S.S) 

INHAlATION 
DPUI IeFf'110 
1m..) SvIBq 

'RIO(G) 

POINT SOUR::E 
GAMw, 

9Y~pIlI Bq 

1R20(G) 
POINT SOUR::E 
BETA 

9Y~pIlI 6q 

IyOV' "u (.o>-~" 

OfUOUID9 
FAACOf 
II'WENTOH'f 

Sb-12. SOUOO 

Sb-125 
Sb-125 

UOUIOS 
9OUOS 

.. ,7£.(), O~-02 1.3llE·12 310E-OO 1.37£-00 U5E-oe OIlOE-l0 3~-OO • 17£-U l00E-17 

'T.1l8tl 

'T."6U 

UOUIOS 
SOUOO 

73OE-02 5.2!E-02 2.IIlE-13 OIE-09 1.87£-10 8.25E·" 

-r.,21U 
'T.I21U 

l.IClUIOS 
SCJlJOS 

577E'()1 O.ll5E-aJ 1.82E-I2 3<t6E-oo SOOE-l0 S.OOE-IO 

'r.,21mU 
'T.I21mU 

l.IClUIOS 
SCJlJOS 

21llE'()1 7.ll5E-02 7.15E-I3 l.JOC-OO 25OE-OO 7. 1OE'()o l00E-17 

'r.,2JU 
'T.I23U 

UOU!OS 
SOUOO 

1.ll8E.02 8.33E-aJ 2.2llE-I. 1. HIE.()\I 25OE-OO 7.10E'()o OOOE,OO 

'T.'~ 

'T.'~ 

UOUIOS 
SCJlJOS 

U8E.()1 O~-02 5.0llE·I3 1.211':-00 228E.()6 O.OOE,OO 12OE'()o 2.5OE'()o 10E-U 1.00E-17 

'r.l25m 
-r.I25m 

UOUIOS 
9OUOS 

1.12E4< 821E-02 B.SSE-'. I.M-OO 207£.()6 O.OOE+OIl O.5OE-'0 l.M.()O 112E-15 l00E-17 

-r.I27 
'T.I27 

I..IOUIOS 
SCJlJOS 

•.ll6E-o:! 2Z£.()1 3.<t5E-l. 2 ODE-I 0 2~.()6 .. 57£-<77 2.10E-l0 o ICE-II .1l6E·18 l00E-15 

'T.,vm 

'T.,vm 
UOUIOS 
9OUOS 

112E-02 821E.o:> 2.tllE·l. 8 nE-l0 I.ll3E.()6 1000-oe 2401:'()o 57OE'()o 112E-I5 1.00E·17 

-r.,211 
'T.I211 

UOUIOS 
SOUOS 

SOlE.o:> 543E.()I 382E·13 3WO.()\l 2ll3E-oe lOCE-oe 8 OOE·' 1 2.5OE·l' 50lE·I5 2.17£·14 

'T.I2llln 
-r.I2llln 

UOUIOS 
SOUOS 

375E4< 2llC1:.()1 202E·13 2.2!E'()o 2ll3E.()6 ".00E-<77 3l1OE-OO 8llC1:'()o 375E-I5 '00E·I5 

'T.l31 
'r.,31 

UOUIOS 
SOUOS 

•. I5E'()I 71!5E.()1 l.84E·I2 2<tC£-oe 3.2OE.()ll l.I<tE-oe O.OOE·ll •.JOC." • 15E-'. 2ll6E·U 

'T.,31m 

-r.131m 

l..IOUIOS 

SOUOS 
l.37E+OO I.ll5E.()1 <t42E-12 BZ2E-oe 251E.()ll 11l4E-<77 3401:-00 24OE'()o 1.3'1£-13 lOOE·17 

T.I32 
T.,32 

UOUIOS 
9OUOS 

23OE-()\ I02E-()\ 7.73E·l3 2.211':-oe I<teE-oe 53'1£'()o 35OE-OO 35OE'()o 23OE-U 1.00E-17 

-r.I31 
'T.I31 

UOUIOS 
9OUOS 

02l!E-()\ 81eE-()\ 3.1llE·I2 5.5llE-oe •.0000-oe I.31E-oe 7.401:·11 35OE·l' 02l!E·'. 3.2llE·U 

-r.13:)n 

'T.1Un 
I..IOUIOS 
9OUOS 

2.:!llE+OO 881E.()1 7.13E·I2 l.3'7E-<77 344E-oe l.IOE-oe 300E·l0 I~·'O 221lE-13 2.75E-U 

-r.f34 
'r.l34 

l.IClUIOS 
SCJlJOS 

884E.()1 20eE.()I 2.l!4E·I2 !lJOC-oe I<teE.()ll 502E-<77 87OE-l' 3llC1:·11 8 &4E-14 1 0llE·15 

'~12lllI 

'~I2OU 

I..IOUIOS 
9OUOS 

21lJE+OO U2E+OO 8.10E·l2 1.3!5E.()7 SOOE·1O 17OE-IO 

'~l:1DnU 

'~I:1DnU 

l..IOUIOS 
9OUOS 

5.:!llE+OO 12<tE+OO I.!I8E," 2.84E.()7 I 25E-IO 8.3lE-ll 

'~I21U 

'~l21U 

UOUIOS 

9OUOS 
.,2E-()\ 8.2OE.02 I 24E·l2 2.47E.()8 125E·10 71CE·l I 

~I23 l..IOUIOS 1.47E-()\ 2llC1:.02 573E·I3 2.00E-oe .00E.()7 OOOE+OIl 2.10E·1O l.ICE·IO I 0lIE·,. OOOE.oo , OOE-ot 



TABLE B1 RADIONUCUDE DEPENDENT DATA
 

,~ 'u 1~=11 

OfLlOUIDS 
FRACOF 
INVHlTORV 

100£-01 

100£-01 

lOOE·01 

l00E-{)1 

l00E-01 

..... 
lOOE-{)1W 

l00E-{)1 

l00E·01 

l00E-{)1 

NUCUDE HI (1) 

MEANENEA3V 
PER ()IS/NT'N 

GAMMA 
MEV 

112(1) 

MEANENERGV 
PER ()IS/NTN 

BETA 
I.AEV 

R51A6(2) 

GAMtMIBETA 
SEl.I-lN FrNm: 

PlANE 
S\'ItlI*~2 

R7(3) 

GAMMA 
SKIN 

DOSE7lnp2 
9oI.tl1* Bq!an2 

ABIC} 

BETA 
SKIN 

OOSE CtJVcm2 
Sv.tll* Bq!an2 

R;!C (C) 

BETA 
SKJN 

OOSE 4Qn1)'an2 
SVItlI* !l<fan2 

A9(5,8) 

INGESTION 
OPIJIICRPOO 
(maxi SIOfiq 

RIO (5,8) 

INHAlATION 
0PU11CRP60 
(mID'SvI9q 

Rlg(G) 

POIWSOURCE 
GAM~ 

SY.tl1* Bq 

1120(6) 

POIWSOU~ 

BETA 
Sv.tll* 8q 

~123 SOl.1OS 

'H24U 
'~12CU 

lJQUIOS 

9OlJOS 
UllEtOO 1.D:£-o1 332E-12 84lE~ 25OE-oll 1.87E~ 

~125 

~125 

UOUIOS 
9OlJOS 

C.2O£-02 11l4E-02 7.ll3E·14 21CE~ OOOEHlO 0.00£.00 15OE-oll o ll(J".()g S08E-I5 000£.00 

'~l2e 

'H26 
UOUIOS 
SOUOO 

4.54E-01 157'E'()1 1.52£-12 2.72E~ 1.57E-06 314E.()7 2lICE~ IllCE-08 4~E-lC l00E-17 

'H2lllI 
'~12lll1 

LJOUlOS 
SOl.1OS 

UIlE-02 7.47E-01 5.llOE·13 50llE.()g 2.5OE-l1 1.25E-l1 

'H3 
'H2O 

UOUIOS 
9OlJOS 

246E-02 83l1E-02 8.ll3E-14 o 7CE.()g 851E.()7 OOOE.oo 1.1CE.()7 87lE-oIl 2C6E-15 l00E·17 

'~130 

'~130 

lJQUIOS 

9OlJOS 
2.13£tOO 2ll1!1E'()1 8ll5E-12 1.2l'E .() 148E-06 51lOE.()7 lllOE.()g l00E.()g 213E-13 l00E-15 

~131 

~131 

lJQUIOS 

9OlIOS 
30llE'()1 1.1lOE'()1 1.27E-12 22OE~ 2C0E-06 342'E'()7 2.20£-08 13CE-oll 4.111E-14 844E·16 

~132 

~132 

UOUIOS 
9OlJOS 

2.4MEtOO 4llllE-01 7.32E-12 13CE.()/ 2 l!3E-oIl 0.36€'()7 2.7OE-l0 1.3CE-l0 224E-13 l.l16E-lC 

'H3anU 

'H3anU 

lJQUIOS 

9OlJOS 

321E-{)1 1.58E-01 083£-13 103E-08 5.00E,10 187E·l0 1.00E-17 

'~133 

'H33 
UOUIOS 
9OlJOS 

8.0I2E-{)1 4 OllE-01 2.08E-12 3.81£-08 2 l!3E-06 8.8llE.()7 4.2OE.()g 2.3CE.()g 8.02t"-14 184E-14 

'~I:M 

'H:M 
UOUIOS 
9OlIOS 

257EtOO 8 UE-01 8.3OE·12 15E.()/ 274E-08 l.l1E-06 lOOE·l0 4.3CE-11 257£,13 246E-lC 

'H35 
'H35 

UOUIOS 
9OlJOS 

l.l1l5EtOO 3.S4E-01 4.ll3E·12 1I.3CE-oIl 2.51E-OS 7,42'E.()7 0.ooe·l0 4llCE-l0 I.SSE-'] 1.46E-14 

'X.131mU GMVAF'OUR 200E-o:i 144E-01 5.~·14 1.2OE~ OOOEHlO O.OOEHlO 1.00E-I7 

X.13:lU GMVAPOUR UOE-o:i 13l1E'()1 18OE-13 27tE-QIl O.OOEHlO OOO£tOO O.ooeHlO O.OOEHlO 4.llOE-15 1.00E-17 

'X.l35U GMVAPOUR 2.48E-01 318E-01 '.ICE-13 141lE-oIl OOOEHlO OOOEtOO 1.26E-lC 

'C.I25U 
'C.l25U 

UOUIOS 
CAPSUlE 

lI,77E-01 3.4!E-01 2.03£·12 40lE-08 2.5OE·11 l00E-', 

'o.l27U 

'C.I27U 
UOUIOS 
CAPSUlE 

414E-{)1 2.II1E-02 12CE-12 24lE-oIl 25OE-11 1.25E-I1 

'o.1;/g 
'C.l;/g 

UOUIOS 
CAPSUlE 

2l11E-01 1.T7E-02 011£-13 lllllE-oIl 177E'()7 3 ~E-oIl lI1CE-I1 4.2OE·I1 281E-14 000£.00 

'C.l3OU 
'C.l3OU 

UOUIOS 
CAPSUlE 

514E-01 4.01E-01 1.ME-12 3.OlE-oIl 2.5OE-I1 714£-12 514E-14 

C.I31 
C.131 

UOUIOS 
CAPSUlE 

22llE.Ql lIlIOE-03 lI2TE·lC OIlOE-QIl 88OE-oe 1.32E-oIl 88OE·11 UOE·11 228£·15 OOOEtOO 

'C.I32 
'C.l32 

UOU!09 
CAPSUlE 

7012E-{)1 142£-02 2.27E-12 421E-oIl 142'E.()7 2l14E-oIl 5.00E-l0 3.3CE-l0 7 02t"-14 OOOE•.oo 

'C.I:wm UOU!09 U7E-o:i 1.I1E-01 UIIE-14 l.l0E~ 1 11 E-06 222£.()7 200E·l' 13CE-11 267E-15 , 00E·17 



-------------------.TABIt8TRAOfdNOcOOEOEPENOENTDATA 

-l 
...c:: 

INUCUDE 

'C.l:wm CAPSUlE 

C.13ol 9OllO9
 
C.13ol FOIl
 

'C.l:J5 IJOlJ!09 

'C.l:J5 CAPSUlE 

'C.I35mU I.JCXJDS 
'C.I3nU ~ 

'C.l:J5 UOUI09 
'C.l:J5 CAPSUlE 

C.137. CAPSULE 

'C.l:Jl IJOlJ!09 
'C.l:Jl CAPSULE 

'&.131 lJOU1OS
 
'&.131 9OllO9
 

&.14CH UOUI09
 
&.14CH 9OllO9
 

la-l'O I.JCXJDS
 
la-l'O 9OllO9
 

'CeI3(+U l.IOUIOS 
'Cel3(+IJ 9OllO9 

'Cel3I5U l.IOUIOS 
'Cel3I5U 9OllO9 

'CelJ7U l.IOUIOS 
'CelJ7U 9OllO9 

'c.1:!7\11U l.IOUIOS
 
'Cel:!7\11U 9OllO9
 

C.13Q l.IOUIOS 

Ce141 l.IOUIOS 
Ce141 9OllO9 

'CeI43 l.IOUIOS
 
'Cel.., 9OllO9
 

C.144> l.IOUIOS
 
C.144> SOUOO
 

'!'t-I42 l.IOUIOS 
'!'t-l<C2 9OllO9 

PH.., !lOtIO 

'Nd-147 IJOlJ!09 
'Nd-147 SOUOO 

'Nd-l. LJQUIOS 
'Nd-UQ 9OlD9 

""'·147 I'<X. 

AI (11 
MEAHENERGY 
PEA llISINrN 

GAA4MA 
MEV 

R2(11 
MEANENER3Y 
PEA llISINTN 

BETA 
MEV 

R5&~(21 

OAM~&BETA 

SEM-INFINITE 
PlANE 

9....,per~2 

R7(3) 
GA~ 

SKIN 
OOSE 7tnlP'<m2 
S\o.t1per Ilqo\:m 2 

RB14) 
BETA 
SKIN 

OOSE~ 
S\o.t1per Bqitm2 

1~(4) 

BETA 
SION 

OOSE (QnlP'<m2 
S1IlIl per 1l<fc>T12 

155E<OO 16:£.01 4D(E,12 1l.1lOC.(l6 1.ll3E.06 308E'()7 

O.ooe+oo 8~-02 O~+oo O.ooe<oo l.l0E.06 S.71E·ll 

1.58E<OO 3&CE-02 4.74E-12 Q4IlE~ 

2. lSE+OO 137E'()1 Il.TOE-12 1.2QE-m 2.2llE.06 6.74E.()fl 

S.6:£.()1 2.4IlE'()1 USE-12 3.~.(l6 2.54E.06 3~.()7 

2.31E+OO 12OE+OO 7.17E-12 1:JgE.()7 6001:.()fl 2.4OE.06 

4.54E.01 4 !lE-02 IW-12 2.T2E-Q6 4SOE.()7 oooe+oo 

2.«<00 llOOO.()1 7.W-12 140E.()7 !l4M'.06 UOE.06 

231E..oo !l.33I:.o1 8.84E-12 1~'() 274E.()8 10SE.06 

72OE.()1 7.36E'()1 

1.74E..oo 2.3IlE.o1 

354E-02 166E.()2 

!l2llE-02 203E.()1 

1.!\lIE.()1 3.!lllE.()2 !l!l2E-13 1.~.()ll 356E.()7 712E.()fl 

7111E-02 1.7'OE.o1 2.7V:-13 !l~-09 2.1lSE.()8 U3E.()7 

2.7QE.01 4.2fIE.o1 Hl2E-12 1.87E.{l!j 274E.()8 1l.7QE.()7 

!104l:-o:1 12lE+OO l.leE-13 4. 10E-09 4(5E.(l6 LSOE.(l6 

s&If.()2 l.lllE'()l U7E-13 3.5a:.()li 404E.()fl L2IlE.()8 

891E.()g 314E.o1 7.17E-14 S.~-le 251 E.(l6 70llE'()7 

14OE.o1 266E.01 UeE-13 1l.4CE-<llI 2ll3E.()fl 47QE'()7 

3.77E.01 4941:.01 U4E-12 22!lE.()lI 2~-Q6 Q.88E.()7 

407E.()ll 12OE-02 12l1E-1T 4~-1 12llE.()ll 411E-l0 

M(S,B) 

INGESTION 
DPUIICAPlIO 
(m"IS~ 

l00E.()ll 

1.00E.()g 

12SE-ll 

3.00E.()g 

1.JOE.(l6 

Q2OE-ll 

!l.TOE-l0 

3.TOE.()g 

26OE.()g 

U 

U 

U 

U 

3.00E-l0 

12OE-09 

lTOE'()o 

llTOE'()o 

1 !lOE-09 

1.~.()O 

ITOE.()g 

IJOE-l0 

UOE-l0 

1015.5) IR1\l16} K20(6) '(3-35)) 

INHAlATION POltfT SOUR:;E POItfT SOl.JR::E OFUOUIOS 
DPUIICAP60 GAMIM BETA FAAC Of' 
(muISv-tlq SY.t1per 8:l S\o.t1perBq INVEtfTORV 

1.2a:':.()ll 

12a:':.()g 

7.10E-12 

1.~-{)9 

1l!lE.()g 

3.10E-l1 

1.6OE-l0 

l10E.()g 

1!lE-{)9 

U 

U 

U 

U 

2 (OE.()g 

26OE.()g 

1.10E-QQ 

1~.()7 

Q~-IO 

2 SOE.()g 

2 IOC-m 

IlIlOC-ll 

1~.()fl 

155E-13 

oooe+oo 

21SE-13 

654E-14 

231E-13 

454E·14 

2 4!lE·l 3 

23tE·13 

1.!\lIE·'4 

?IlIE-15 

27VE-14 

5041:-15 

5&1f·15 

II Q1 E-22 

t (()E-U 

37J'E·14 

4ll5£·'Q 

l00e·17 

l00e·17 

0001:.00 

1.001:-17 

lOSE-IS 

4.eoe-14 

0001:.00 

3.2()E·l. 

213E-14 

oooe+oo 

1001:-17 

171E-14 

4.&If-14 

32JE-'. 

1.2llE·14 

1 ooe·t5 

t lleE-14 

OOOE.OO 



TABLE B1 RADIONUCLIDE DEPENDENT DATA 

Ui
 

,NUCUUE WASTE FORM Rl(l) 

MEANENERlY 
PERDISINrN 

GAMMA 
MEV 

R2(I) 

MEAN ENEMY 
PER DISINrN 

BETA 
~ 

R5aR6(2) 

GAM~'BETA 
SEIot-lNANrTE 

PV.NE 
Sllltl P'" Bq.ln2 

W(3) 
GA'-9AA 

SKIN 
DOSE m<i=2 
9.1-tl P'" Ilq!cm 2 

RllI~ 
BETA 
~N 

rose 4mO/CJn2 
Sv-tl P'" Ilq!cm2 

R2>C (~) 

BETA 
SKIN 

OOSE .&On<i=2 
SIIIh P'" 1lqi0'T12 

Rl/(5,e) 

INGESTION 
Df'U11CRPe:l 
(mlX)S..tlq 

Rl0(5,B) 

INHALATION 
DPlJIICRP60 
(m..)9.1~ 

IR10(6) 
POINTSOU~E 

GAMMA 
Sv-tl P'" Ilq 

R20 (G~ 

POlNTSOU~ 

BETA 
9.1-tl P'" Ilq 

1 om:." 

'QV.1IU 1\::>-""11 
Of UOUIDS 
FRACOf 
INVENTORY 

'Pnt-140 
'Pm·,.O 

l.JQUlOS 
9OUOS 

10llE.Q2 31l!iE.()1 144E·13 636E·l0 23OE-<J6 7.30£-07 1.eoe-oo O.lICJ::·IO U16E·15 

'Sm-I51 
'Srn-I51 

l.JQUlOS 
9Ol..IOS 

I.3E'()!! 714E-05 1.6GE·17 604E·l' 26SE-<lll 0.001:+00 1.7OE-l0 5 (](E-09 13CE-te 0001:,00 

'Sm-l53 
'Srn-l53 

l.JQUlOS 
9OU09 

6151:-«l 271E-ol 2421:·13 3llOE-09 23O£-oG 5.421:-07 1.10E-09 6~·'O 6151:·15 1 (](E-!5 

&>-152 9OUO 1.151:+00 1.36E-ol 3.!5OE-I2 6l1CE-<lll 16OE-<J6 I.71E-07 2.00E-09 •. 7'llE-06 1151:·13 lOOE-17 

'&>-I52m 
'&>-lsan 

l.IOUIOS 
SOl.JlJ6 

2l12E-ol 5 0!5E.()1 1.10E·12 1.7!i"-<lll 253E-<J6 6 OllE-07 51lOE-l0 2.~·10 2l12E-14 202£·" 

81-154 9OUO 1.:Ml'+OO 2 eee-Ol 362E·12 74E-<lll 3421:-<J6 3.ne-07 310E-09 5l1CE-oB 12.E·13 l00E·15 

&>-155 9OUO 5.?lIE-«l 6.26E.Q2 223E·13 H7E-09 666E-07 32OE·l0 5301"·10 7.eoe-09 5 ?lIE-15 lOOE·\7 

'06-153 
'06-153 

l.JQUlOS 
9Ol..IOS 

lose-ol •.37E.Q2 3116E-13 6 Ja:-{)9 .00E-07 0001:+00 .2OE-l0 .,0E-09 1 Q5E·14 0001:,00 

'Qd·I50 
'Gd-l50 

UOUIOS 
9OUOS 

.1IIlE-«l 302E.()1 2.06E·13 2.0IlE-09 23OE-<J6 604E-07 6.BOE·l0 3 (](E-l0 .1l8E·15 121E·" 

'~1" 
'lb-160 

UOUlOS 
souos 

1.12£+00 254E.()1 3.3E-12 672£-06 3421:-oB .22£-07 2.4OE-09 6.4OE-09 I.I2E·13 l00E·15 

'O\'·I611 
'0\'-1615 

UOUIOS 
souos 

2.51lE.Q2 .om:.()1 241E·13 I.55E-{)9 23OE-<lll 6l12E-07 6.7OE-ll 3l1CJ::-1l 256E-15 1.7llE·" 

'Oy-I611 
'O\'·I611 

lJQUlDS 
souos 

~.02£.Q2 1.3GE.()1 1.3OE·13 24IE-QII 15OE-<lll 3. 1eE-07 2.1lOE-09 24OE-09 .02£·15 lOOE-17 

'lb-lee 

'1b-166 
UOUIOS 
9OUOS 

21lOE-Q2 6.OE-ol 372£-13 1.7E-QII 3.TE-<J6 1.llE-<J6 200E-09 OBOE·IO 21lOE·15 27eE·" 

&-1110 9OUO '.om:-oe 1.000-o1 165E·17 5~·1I 1.65E-OG UeE-06 62OE-IO 6.10E-l0 1.2OE-16 0001:1-00 

'&·171 
'&·171 

UOUIOS 
9Ol..IOS 

3.7ef-ol .,7E-01 1.3lIE-12 227E-<lll 2301"-06 63E-07 .00E-l0 1.!5OE-l0 37llE-14 I liTE·" 

Tm-l70 9OUO 510E-oJ 3.31E-ol 022£·14 3.llE·l0 23OE-oB 662E-07 2.2OE-09 72OE-09 510E·ll1 1 32£.,. 

'Tm-171 
'Tm-I71 

UOUIOS 
9OUOS 

1.!5OE~ 25l'E-Q2 2.4OE-I5 3 lICE-II 256E-07 0.001:+00 1.BOE·l0 1 flCe-09 1I!5OE·17 0001:,00 

'Yb-l75 

'Yb-I75 
lJQUI09 
9OUOS 

U6E-Q2 12llE-01 1.3:£-13 236E-oQ 12llE-oB 2.5l'E-07 7.00E·l0 5.JOE-l0 3116E·15 1001:·\7 

'~ln 

'~ln 

l.JQUlOS 
souos 

3.151:.Q2 UTE-01 I 24E-13 I.!lllE-oI 1.47E-oe 2.NE-07 67OE·l0 7.lICE·l0 3151:·15 I.00E·17 

'Hl-161 
'Hl-I61 

UOUIOS 
9OUOS 

5.!5!iE-CI 2.01E-01 lBOE·12 33:£-of 23OE-oe ''.02E-07 17OE-09 34OE-09 555E-" I 00E-15 

T.,112 
T.I112 
T.,112 

9000 
CAPSUl£ 
FOIl 

12llE+OO 212£-01 3.lWE·12 71E-of 2301"-06 424E-07 2.2OE-OO 12OE-06 12OE-13 lOOE-15 

'W-I61 
'W-161 

UOUO!l 
souos 

.04E-«l 1 0QE.Q2 1.46E·I3 242E-oI 1.0QE-07 0001:+00 lIOE·l0 3~·Il .04E·15 0001:.00 



TABLE B1 RADIONUCUDE DEPENDENT DATA 

-J
 
6""'t 

INUCUOE RIll) 1'12/1) RS&m(2j R7(3) Rll~ ~(4) M(5.!) R10(S,B) Rll1l6) IR20 (6) ,V'-' "u '(5-35)) 

MEAN ENERGY 
PEROISINTN 

GAMMA 
MEV 

MEAN ENERGY 
PER DtSiNTN 

BETA 
~ 

OAMMA&BETA 
S£MHNFINITE 

PlANE 
9""po<~2 

GAMMA 
SKIN 

DOSE7ln~ 
9v~ po< Bq!crn 2 

BETA 
SKIN 

D05E~ 
Sv~ po< 8<ft:m2 

BETA INGESTION 
SKIN DPUIICRPEIl 

DOSE4()n~ (max) SvtBq 
s""" po< 8<t'an 2 

INHALATION 
DPUIICRP60 
(maxi Sv,tlq 

POINT SOUR::E 
GI\MMA 

Sv~ po< Bq 

P04NT SOUR:;E 
BETA 

Sv~ po< Bq 

OFlJOUlDS 
FRACOF 
INVENTORY 

W-l8S uauos 
W-l8S 9OUOS 

55!5E{l5 127E'()1 1.33E-16 3 J:J:-12 1.27E-06 2.!'>tE-07 63OE-l0 
6.10E-10 

1 M-IO 
I.M·IO 

555£-16 UlOE-17 

'Wl67 l..IOUIOS 47llE'()1 307E-Of 1.6OE-12 267E.()fJ 23OE-06 6.14E-07 lIl1OE-l0 21CE-fO 4.76E-U 123f-" 
'W167 SOUOS 

'Alt-l63Z l..IOUIOS 5.57E-13 7.6OE-l0 I.n.()9 
'Alt-I63Z SOUOS 

Ae-l!lS LJOUIOS 205E-o:! 343:'()1 1.tI4E-13 30CE.()9 23OE-06 6.ll6E-07 13OE.()9 llCE.()9 205E-IS 1.37E-f. 

'At-1l16 LJOUIOS 
'Alt-lllll 9OUOS 

5.73E-o:! 7.7lE-01 512E-13 3«E.()g 3119E.()fJ 1.24E.()l; 1.3OE.()9 60CE-fO 57JE-IS 3.11E-U 

'o.l8S l.IOUOS 
'0.185 SOUOS 

7.17E-01 1111E.Q2 228E-12 43OE-06 605E-06 1.26E-06 UOE-l0 2n.()ll 717E-14 oOCE.OO 

'0.1111 l..IOUIOS 
'0.1111 SOUOS 

7D5E.Q2 1.35E-01 264lE-t3 4T7'E.()ll 114E.()l; O.OOE+OO 1I.10E-l0 13OE.()ll 7.D5E-IS OOOE ..OO 

'o.ll11m l..IOUIOS 
'o.ll11m 9OlJOS 

1I.12E.OJ 6SeE.Q2 1.lIOE-14 547E-l0 65OE'()7 1.3OE.(J7 1.JOE-tO IICX1:-11 II 12E-16 OOOE.OO 

'0.1113 LJOUIOS 
'0.1113 9OlJOS 

72TE-02 3.6lE-01 323f-13 4JeE.()ll 23OE.()l; 7.36E.(J7 1.2OE.()9 6 SeE-I 0 72TE-IS 1.47E-l. 

'~-ll1O l..IOUIOS 
'~-ll1O SOUOS 

1.44E+OO lZJ:-01 4.57'E-12 664E-08 123E.()6 2.46E-07 17'OE.()9 lQCE.()ll 1.4.CE-13 OOOE.. OO 

~-1Q2 SOUOS 62OE.()\ 214E-01 2.72E-12 4.lIOE-06 263E.()l; 3.68E.(J7 200E.()9 7.6OE.()ll 62OE-14 lOOE-1S 
~-1Q2 CAPSULE 
~-1Q2 FOIl 

'~-ll14 uauos 
'~·ll14 SOUOS 

6112E-Oe 60lE-01 624E-13 S35E.()ll 404E..()6 12QE-06 1.lIOE.()9 1I1CE-l0 6l12E-1S 323f·14 

'Pl-ll11 LJOUIOS 
'Pl-ll11 9OUOS 

301E-01 112fIE.Q2 U4E-13 161E-08 62l!E.()7 126E-07 47'OE-IO 1 SeE-I 0 301E-14 lOOE-f7 

'Pl-ll13U l..IOUIOS 
'Pl-ll13U 9OUOS 

22OE..OJ 1I.72E.()3 nnE-IS 1.32f'-IO 672E-06 O.OOE+OO U U OOOE+OO 

'Pl-ll13m LJOUIOS 
'Pl-ll13m 9OUOS 

12llE-02 1.37E-01 41SE-I4 76lE-fO 1.37E.()6 2.74E.(J7 7.3OE-tO 22CE-IO 128E-IS 100E-17 

'Pl-ll17 lJQUI09 
-Pl-ll17 9OUOS 

2.SIE-02 25:£-01 IUI6E-14 I.S1E.()ll 23OE-08 506E.(J7 5.lIOE-l0 I SeE-I 0 25fE-IS l00E-'S 

'Pl-lg;'1n l.IOUOS 8JOE.Q2 3.22£-01 2.85E-13 4QeE.()9 23OE.()6 II 4.CE-07 1I.3OE-ll 33OE-fl 63OE-IS 12QE-14 
'Pl-lg;'1n BOUOS 

'Alt-ll11ll UOUIO 1.6OE-12 UOE-l0 3 M-IO 
'Alt-ll11ll 9OlJO 

Alt-ll18 UOUIO 
Alt-IlI8 9OlJO 

4.04E-01 32llE-01 1.4OE-I2 24OE-06 2eJE.()l; 7.JOE-07 Il1OE-OG l1CE.()9 .57'E-14 8 ()4E-15 

'Alt-1Dl1 UOUIO 
'Alt-IGG 90LD 

UIlE-<l:< 1.43:-01 311lE-13 533E-OI: 143E.()6 2ll6E.(J7 6l1OE-l0 4QCE-l0 81l8E-15 l00E-f7 

Hv-llJ7'r UOUIOS 
H~'lJ7'r 9OlIOS, 

UlIE-o:! 664E.Q2 252£'-13 22CE-Ol! IItI4E.()7 1.33E.()7 IlIlIE-l0 1.<1:'1:"-10 7.0!5€-15 OOOE.OO 



TABLE B1 RADIONUCLIDE DEPENDENT DATA 

:j 

INUCUDE Rl(l) 
MEAN ENERGY 
PERDISlNnl 

GAWA 
I.lEV 

R2(1) 

MEAN ENERGY 
PEADlSINrN 

BETA 
MEV 

R5&R6 (2) 

G41.AMA " BETA 
selol-INFINITE 

Pl.ANE 
91Otlp"'~2 

R7(3) 

GA~ 

SKIN 
DOSE 7m1l'=2 
SY,t, P'" BqIcm 2 

R8(41 
BETA 
SKIN 

DOSE 4'ngIcm2 
SY,t, pot" 8qIcm2 

1R24(4) 
BETA 
SKIN 

DOSE 401111'=2 
SVItl P'" B<icrn2 

R9(5,S) 
INGESTION 
OPUlICAP9l 
(mox)SviBq 

RIO (5,B) 

IN~TION 

0PU11CR'60 
(mox)SviBq 

IR10(G) 
POINTSOU~ 

GAMMA 
Sv,t,per8q 

1R20(6j 
POINTSOU~ 

BETA 
Sv,t,P'" Bq 

YOIXIIU I/I:>-"~)J 

Of lXlUlOS 
FAACOf 
INVENTORY 

'''107m 
'''107m 

LJQUI09 

SOI.JOO 

D4OE~ 21E-C1 3321:-13 564E-Cll 2JOE-C6 4.28E-C7 6BOE·IO 35a:-IO 04OE-15 lOOE-15 

Hg-3J3 
Hg-3):l 

9000 
CAPSULE 

237E-C1 087E-02 781E·13 1.5a:-oe 183E-<l6 422E-oe I.BOE-oD 1.fl(E-OQ 26OE-U OOOE+OO 

'TI-2OQ 

'TI-2OQ 
UOUIO 
9000 

1a:+00 38llE-02 404£-12 77E-oe 38SE-C7 O.OOE+OO lBOE-IO t2a:-l0 I 29E-13 oOOE+OO 

TI-311 
TI-3l1 

9000 
FOIl 

887E-02 4.33E-02 336f·I3 200E-oe 6.05E-07 OOOE+OO HOE-II 5.IlCI:-tt HllE-15 O.OOE,OO 

'fI.202 
'TI-202 

UOUIO 
90UD 

• 67E-CI 2 JOE-02 1551:-12 21lC1:-oe 23OE'()7 OOOE+OO 37OE-IO 2.5a:·10 467E-U OOOE,OO 

TI-~ FOIl 1.000-o:! 23/'E.()1 6.75E-U 32a:·IC 24OE-<l6 571E.()7 7.0DE·IO 5 la'·10 I 15E·16 328£·15 

'Jlb.3XlU 
'1'b-3XlU 

UOUIO 
9000 

312E.()1 52:!E-02 I05E·I2 t67E.()8 522E-C7 I04E.()7 2.6OE-IO t2!'l:-IO 312E·U 100E·17 

Jlb.210+ 9OUO tME-o:J 427E.()I 114E·I3 1I3ll'-OO 263E-<l6 84!5E.()7 tll2E-oe 41SE-<l6 811E·16 I «E-U 

'Jlb.212. 
'Jlb.212+ 

UOUIO 
9000 

I.~+OO II !SeE.()I U4E-12 03ll'.()8 5l12E-<l6 1.22E-<l6 IZlE-oe 4flE-oe 1551:-13 3C2E·U 

8I-~ UOUIO 3.25f+OO 132E-01 tOlE·II 16:f'() 66OE'()7 264E'()7 2.4OE-OQ tllCl:-OO 3.25f·13 100E·t7 

'11-207 
'11-207 

UOUIO 
9000 

1.54E+OO 1.11lE'()1 UlIE-12 02E-oe 116E-<l6 2~'()7 t7'OE-oD 55a:-oD t.54E·13 100E·17 

'11-210 
'11-210 

UOUIO 
9000 

0001:+00 3ll1lE.()I I 22E-13 0.001:+00 263E-<l6 1I4!5E-C7 2.IOE-oD 5HE-oe 0001:+00 I~-U 

'111-212+ 
'11-212, 

UOUIO 
SOOO 

t«lE+OO 661E-01 423E-12 8.37E-oe 274E-C6 I.UE-<l6 2.6OE-IO 41lC1:-oD UOE-13 272E-U 

'Po-3l3U 
'Po3XlU 

UOUID 
9OUO 

t64E+OO l.lICE-01 41l2E-12 OllE-oe t6OE-<l6 32OE'()7 556E-II 25a:-" tlWE-13 tOOE-t7 

'1'l>3l!5U 
'PI:>-:D5U 

UOUID 
90UD 

I.R+OO 57'!iE-02 U5E-12 lI3ll'-oe 5.75E.()7 115E.()7 1I.25f-11 500E-l1 t55E-13 tOOE·t7 

'Po-Z7\J 
'~ 

UOUID 
9000 

t3:1£+OO 50!'£-02 3.lI6E-12 7.G2E-<l8 505E.()7 100E.()7 I 67E-IO 5 !SeE-" 1~-13 lOOE-I7 

1'0-210 90UD 851E.()ll 1I2a:-oe 2el1E·\7 41lC1:"~ O.OOE+OO OOOE+OO 6.2OE.()7 100E-<l6 D61E·IO OOOE+OO 

'AI-2\I UOUID 
9000 

3ll1E-02 5l1ClE-03 UtE-I3 2.3SE-DO 58OE-<l8 OOOE+OO 110E-oe 2la'-oe 301E-15 oOOE+OO 

'A>-220+ QASYAPOUR 4Q2E.()oI 1I~.()8 I 72E-15 HIE·II D03E-11 OOOE+OO U 400E-08 4 02E-t7 OOOE.oo 

f\'>-222+ QASYAPOUR 171E+OO U(E.()I 54l1E-12 Io:£-oi 47'OE-<l6 1.5OE-08 U 5 la'-Cll 17fE·13 37llE·U 

'AI>-22» 
'AI>-22» 

UOUIO 
9000 

155E.()I o47E.()I I.I5E-12 1I2l1E.()l; 3ll6E-<l6 lIl1ClE.()7 UOE.()7 200E.()ll 1 55E-14 37l1E·U 

'AIt-Z?4+ 
'Rl>-224+ 

UOUIO 
9000 

1.!5I6e+OO 6.~-CI UlIE·I2 DJflE-oe 5ll6E-08 1.2:!E-<l6 lIZlE-oe 88:!E.()7 I 56E-f3 3C2EU 

'Rt-Z!5 
'Ah'25 

UOUID 
9000 

137E-tl: 1O"/E-01 474E-I4 82:!E·IC 1O"/E-<l8 2. I4E.()7 73OE-oe 200E.()ll 131£-15 , OOEf 7 



TABLE 81 RADIONUClIDE DEPENDENT DATA 

..... 
Q) 

INUCUOE RIll) 
MEANEHER3Y 
PER DISINT'N 

GAMMA 
MEV 

R2(I) 
MEANENERJY 
PERDISINTN 

BETA 
MEV 

~R8(2j 

~MAIBETA 

Sf I.f-INFINITE 
PlANE 

1M> per 1lqkn2 

R7(3) 
~ 

SION 
009E7m~ 
9<.t1per~2 

Rill() 
BETA 
SION 

OOSE~ 
9<.t1 por Bcr=2 

I~(.) 

BETA 
SKIN 

DOSE4Qn~ 
Sllltl per 8cfan2 

All (5,11) 
INGESTION 
DPUIICRP9J 
(m ..)S....tlq 

RIO (5,11) 
I~T1ON 

DPUIIC~ 

(m ..)9</llq 

IHTV(61 
POINT90U~ 

GAMMA 
9<.t1 per 8q 

IH2O (61 
POINT 9Ol1Fa': 
BETA 

9<.t1 per 8q 

,~ .u . (/(3-35)) 

Of UOUIDS 
FRACOf 
INVENTORY 

Ra-m. 
Ra-m. 

9OUO 
9OUO MA9!llVE 

17'8E<OO 1.37E<OO ~!l4le-12 1.llE-o 8~-06 Uge-06 21E-06 ll25E-06 18E-13 'JE-U 

'AI-W'\J 
'AI-W'\J 

UOUIO 
9OUO 

1.86E-01 '2I'E-01 UeE-13 1l.lIlE-oli 2JOE-06 ll.~~ ll.JOE-1t 10CE-IO 186E-" 1.7IE-U 

'~ 

'~ 

UOUD 
9OUO 

'.s.tE-01 UlE-01 2.ll6E-12 578E.()@ 3.08E-06 71ge~ 271E~ 1.1 !'iE-06 1l.6-4E-l' IlllE-U 

'Th-m.-u 
'Th-:m»U 

UOUIO 
9OUO 

1.ll7E-a:! 2~-<12 8.2II!E-" 112E-olI 2~~ UOE-06 2.!lOE-l0 1.0CE-06 187E-15 OOCE.oo 

'Th-:!27 
'"!MW 

UOUIO 
9OUO 

1.000-o1 4.57E-<12 JellE-13 ll3l!E-o.; 27E-o] ll.22E-oG 1.!lOE.()8 3.5(£<J5 106£-" OOCE.oo 

Th-m. 
Th-22S+ 

9OUO 
9OUO MA9SIVE 

1!illE+OO e~-o1 '.7llE-12 10CE-o llJE-06 1.22E-06 282£~ 86OC<J5 154E-13 1.35e-U 

'Th-22t+ 
'Th-2N+ 

UOUIO 
9000 

2." E-01 '.7lE-01 1.15E-12 7:n'-()lI 82llE-06 1l.ll7E-o] 2.51E-06 35E~ 2llIE-" 1.ME·" 

Th-23O 
Th-23O 

9OUO 
9000 MA9!llVE 

1,5!5E-oJ 1~-<12 2.ll7E-15 3~-olI 1.0E~ O.OCE.oo 3.!lOE~ S.lOE<J5 2ll6E-16 OOCE.oo 

'Th23l 
'Th-231 

UOUIO 
9000 

25!5E-0:2 1.83E-01 8.0lIE-I' 1.53E-olI 2.17t:-06 1.08E-06 '.llOE-IO 2.7lE-l0 25!5E-15 l.ooE-17 

~ 

~ 

~ 

9OUO 
9OUO MA9!llVE 
CAPSUlE(0EM) 

2.2+00 1.37E<OO 7.7'8E·12 1SS:-o 1l~-06 IllE-06 4.113E-06 153E~ I 65€-13 135E-" 

'Th-%M+ 
'Th-ZJ4.+ 

UOUIO 
9OUO 

l.lllIE-0:2 e.7llE-01 •.0llE-13 l1lE-oli 382£-06 1.2llE-06 57OE:-oG 10CE-06 1ll6E-15 3 !l2f'-" 

'Ao-Zl8 
'Ao-Zl8 

UOUIO 
9OUO 

'.JOE-01 4.6OC-01 2.ll8E-12 e:n'-06 3.0lE-06 7.1llE~ 5.0CE·l0 ~.0CE-06 II JOE. 1. 1.84E-14 

'~ 

'~ 

UOUIll 
9OUO 

UllE-01 8.ll3E-<12 2.0lIE-12 38lE-06 883E~ 1.33E~ 1.5OE-oG 3l1OE~ 84M'" 10CE·17 

'~1 
, "--231 

UOUD 
9OUO 

4.7'8E-0:2 821'E-<12 1.131:-13 2.8lE.()ll 14lE~ 5.1E-oG 1.4OE-06 17lE~ '.7'8E-15 1.0CE-17 

'~ 

'~ 

UOUIll 
9OUO 

2.03E-01 ll11!'iE-01 73lE-13 122E-06 2.ll7E-06 1l.1I3E-06 14OE-oG 2~-oG 2 roE-" 1.0CE·17 

'0-230+ 
'1J-23O+ 

UOUD 
9OUO 

2.17t:-<12 OlE-<12 8.111 E-" 1:n'.()ll '.J6E~ 872E-06 1.4OE~ 5~-06 217t:-l~ OOCE.OO 

'u-231U 
'u-23IU 

UOUIll 
9OUO 

8~ 7.0lE-<12 2.7E-13 .ll2E-o.; 7.08E~ 1.41E~ 2 !lOE-l0 2.5OE-IO 82OE-15 10CE·17 

'u-232. 
'u-232. 

UOUIll 
9OUO 

1.!IlE<OO 8.lIOE-01 4.7llE-12 113!E.()@ 83!E-06 1.22E-06 ~32E~ 257E~ 1.!l6E·13 3 !l6E-l' 

'u-z!3 
'u-z!3 

UOUIll 
9OUO 

1.31E-o:! 8 0lE.(13 1.82£-15 1.7lE.()ll 5.25E-oG OOOE+OO '.00E-06 3~<J5 131E·16 OOCE.OO 

U.zM 
U~ 

9OUO 
9OUO MA98IYE 

1.73E-o:! 1.32E-<12 UlE-l~ 2.7lE.()ll 742E.()ll O.OOE+OO 3.llOE-06 3.5OE<J5 3llOE-l11 OOCE+OO 

'~ 

'~ 

UOUlO 
9OUO 

1.t1OE-01 211E-01 8.25E-14 10lE-06 2.52E-06 10l1E-06 3.t1OE-06 3:n'<J5 IllOE-" I 0QE·15 



~
 

I NUCUDE HI (I) 
MEAHENEROY 
PER DlSINnI 

GA/,NA 

MEV 

R2(I) 

MEANENER3Y 
PER DlSIIITN 

BETA 
II£.V 

R5&R6(2) 

~aBETA 

SELlHNFlNITE 
PlANE 

8..tl pi!' Bctln2 

R7(3) 

~ 

Sl<lN 
ClOSE7m~ 
9v,t, por fl<V<:m2 

All (4) 
BETA 
Sl<lN 

ClOSE 4mgIan2 
9v,t, pi! BcVtm2 

1Rd4(4) 
BETA 
SKIN 

DOSE 4Qnl/'Cm2 
S..tlpor Rqan2 

Rll(5,8) 
INGESTlOfI 
DPUt ICRPeO 
(ma>l)Sw9q 

RIO(5.8) 
INHAI.ATlON 

lJPUIICFFIlO 
(mu)9v1tlq 

IR1Y(6) 
POINT 90UFCE 
GAMMA 

9v,t, por 8q 

R20(6) 
POINT~ 

BETA 
9v,t, porllq 

IVOlA11u I (/(&-35)) 

OfUOU1DS 
FRACOf 
INVENTORY 

'lJ.23lI 
'U-236 

'lJ.237U 
'lJ.237U 

U-2lI+ 
U..:M+ 

U-2JllH 
U-23llH 
U-238N 

'lJ.ZllIU 
'lJ.ZllIU 

'lJ.24OU 
'lJ.24OU 

'~ 

'lJ.24O+V 

'~. 
'~. 
.~ 

'~ 

'~40 

'~40 

'flU.234 
'flU.234 

'PU-ZJl 
'P\>-235 

'P\I-23ll 
'P\I-23ll 

, f'It.ZJ7lJ 
, f'It.ZJ7lJ 

~ 

PY-23O 

'1'\>-240 
'1'\>-240 

'~1 

'F\t-241 

'~42 

'~42 

'~ 

'~43 

'~ 

'~44 

UOUIO 
90UD 

UOUIO 
9000 

8QL() 

9OUO LlA88lVE 

90UD 
9OUO LlA88lVE 
CAPSUlE(GEM) 

UOUIO 
90UD 

UOUIO 
9000 

UOUIO 
9000 

UOUIO 
9OUO 

UOUIO 
9000 

UOUIO 
9000 

UOUIO 
90UD 

UOUIO 
8OlJO 

UOUIO 
90UD 

UOUIO 
8OlJO 

8QL() 

FOIL 

UOUID 
I!IOlIO 

UOUIO 
9OUO 

UOUID 
8OlJO 

UOUIO 
9OlIO 

UOUIO 
9OUO 

1.57'E-OO 

t.a.o1 

2.!lOE.Q2 

UllE..oo 

5.llE.Qi 

7.!I1E-o:J 

132£<00 

2:J7'E.01 

172£.01 

1.31 E<OO 

U4E.Qi 

U2E.Qi 

2.lIllE-OO 

523E.Qi 

2.0lIE-O!i 

5.10E-O!i 

1.731:-00 

~ 

144£-o:l 

25!lE-C< 

122E-o:l 

t.t4l:.Q2 

1041:.01 

UllE-Ot 

uoe<oo 

4.OlIE.o1 

l3!IE-Ot 

8.5!5E.01 

2.IIE.o1 

257'E.01 

5.1TE-01 

tOTE.(l2 

2.13E.Q2 

t .3SE.(l2 

t .!58E.(l2 

10l1E.Q2 

8eE-oJ 

10l1E.Q2 

5.241:-00 

InE-oJ 

1.71E.o1 

7D!lE-OJ 

2.44£-t5 

505£-t3 

4.10E-13 

808E·12 

308E-t3 

t.32E-14 

3.7tE-t2 

UOE-13 

800E-13 

3llClE-12 

2.05£-13 

283E·13 

UtE-t5 

1.88E·13 

t .2!5E-t S 

t.34E-t5 

2.7!IE·t5 

OOOE..oo 

2.2IE·15 

O.2!5E·14 

11l4E·1S 

o.a-tt 

S52E-oll 

07OE-oll 

t.W:-O 

30TE-oll 

457E-10 

7.ll:2E-06 

5SOE-08 

t.03E-08 

7l1l!e -08 

4.tOE-oll 

5ft-oll 

t.29:-to 

3.141:-09 

2.7OE-oll 

t .DOE-oll 

t.04E·tO 

t.llOE-t 2 

811E-ll 

153E.Ql; 

73:1£-t 1 

457'E-09 

t .Il4E-06 

382E-06 

t 2!5E<15 

2 JOE-06 

2.05£-06 

8.22E-06 

346E-06 

4.11E-06 

818E-06 

tOTE.()7 

2. t JE.()7 

OOOE<OO 

1 !5llE-07 

t.08E-07 

U4E-tO 

O.ooe<oo 

oooe.otl 

oooe<oo 

221E-06 

o DOE <00 

OOOE..oo 

3.ME.()7 

126E-06 

375E-06 

8 tllE-07 

126E-07 

806E-07 

UJE-08 

137'E-07 

5.7t E.()7 

OOOE<OO 

OOOE..oo 

O.OOE..oo 

O.OOE<oo 

oooe.oo 

OOOE<OO 

OOOE<OO 

OOOE<OO 

O.OOE<oo 

2.5tE-07 

oooe.oo 

3.7OE-08 

S:ll:E-tO 

4. t TE-08 

12OE-06 

2.!lOE-t t 

tOOE-oll 

t.OOE-oll 

UtE-07 

t .2OE-oll 

7.llOE·t t 

t.7OE-tO 

t.7OE-t2 

toOE-07 

t.00E-l0 

5tOE-07 

5llOE-07 

5llOE.()7 

It 0E-08 

5JOE.()7 

87OE-tl 

5JOE-07 

3 :ll:E-(l5 

S.:ll:E-10 

3.10E-(l5 

8 UlE-(l5 

8:ll:E·12 

SOOE-IO 

5.00E-to 

7.llOE<15 

7..5OE·10 

2.SOE-tt 

7.t OE-oll 

5llOE·t3 

UOE<15 

5.DOE-l0 

8.2OE-<l5 

UOE-(l5 

8llOE-(l5 

t .3OE-06 

8SOE<15 

4.2OE-l1 

UOE-<l5 

15TE-IS 

t.42E-14 

302E-t5 

t.ME-13 

5ttE-tS 

76tE·tS 

t32E-t3 

2 7!E-t 4 

1721"-14 

DtE-tJ 

8ll4E-tS 

o 42E-tS 

2l1llE-18 

523E-IS 

2ME-t8 

t 83E-t7 

t7'JE·t6 

254f:·tY 

144£·t8 

25!5€-t5 

122E·16 

l00E-t7 

l00E-17 

4.oeE-14 

842E·14 

t.83E-14 

l00E-t7 

282E-14 

t.OOE-t5 

t 00E-15 

20TE-14 

OOOE..oo 

OOOE..oo 

OOOE..oo 

OOOE..oo 

o OOE.OO 

OOOE..oo 

OOOE..oo 

OOOE+OO 

OOOE..oo 

1DOE-17 

OOOE.OO 



TABLE B1 RADIONUCUDE DEPENDENT DATA
 

INUCUOE RI(l) 
MEANENEmV 
PER Ol9lNrN 

GAMMA 
MEV 

R2(I) 
MEANENEMV 
PERDISlNTN 

BETA 
IE'I 

RSlR6(21 
GAMlAA & BETA 
SEt.t-INANrTE 

F'tANE 
!Mlper~2 

A7(3) 
GAMW. 

SI<IN 
OOSE7m~ 

SY.tl per fl<Van2 

R!l(4) 
BETA 
Sl<JN 

OOSE~ 
SY.tl per 1lqIan2 

~1lj 
BETA 
SI<IN 

00SE4On~ 
S...", per Il<fcm2 

'PI1-:M5U 
• P\J-2J(5lJ 

UOUIO 
SOlJO 

4lll1E.Ql 3.3IlE.Ql 14OE-12 

'~ 

'Am-237U 
UOUIO 
SOlJO 

3ME.Ql 7.4SE.Q2 

'~ 

'Am-23!IU 
UOUIO 
!lOlJO 

S19E.Ql 50lE.Q2 

'M>-23OU 
'Am-23IlU 

UOUIO 
SOlJO 

238E.Ql 16l!E.Ql 

'Am-24OJ 
'Am-24OJ 

UOUIO 
SOlJO 

lazE+«l 7.46E.Q2 

Am-241 
Am-241 

CAPSULE 
FOIl 

213E.Q2 51llE.Q2 UtE·" 1 ~.Q6 548E.Q6 000E+«l 

'Am-242 
'Am-242 

UOUIO 
SOlJO 

1.83E.Q2 1.1'IlE.Ql SStE·14 11<1:-OlI 1114E-{)6 2OlE.Q7 

'Am-243n+ 
'Am-243n+ 

UOUIO 
!lOUD 

23-tE.Q2 22llE.Ql 742E-14 14te-Oll 1114E-{)6 2.QlE.()7 

'Am-243+ 
'Am-243+ 

UOUIO 
SOUD 

2.3OI:.Ql 30CE.Ql 6.06E-13 138E.oE 424E-{)6 1.3lE.()7 

'Am-244U 
'Am-244U 

UOUIO 
SOUD 

6O!5E-ol 3.41E.Ql 2 SClE·12 

·Am-2.....U 

'Am-2.....U 

UOUIO 
90lJD 

153E-oJ t.2:£-{)4 

'Ant-26J 
'Am-2W 

UOUIO 
90lJD 

3.2.3E-02 26l1E.Ql 1.55E-13 

'Arn--24SJ 
'Am-246U 

UOUIO 
90lJD 

8.lI1lE-C1 851E.Ql 3.1<1:-12 

'Am-24l1mU 
'Am-2AlImU 

UOUIO 
90lJD 

t.llQE-ol 4.I!lllE.Ql 

'Om-238U 
'Om-238U 

UOUIO 
SOlD 

7.711"-02 t6llE-oJ 

'~ 

'~ 

UOUIO 
9OUO 

2.azE-03 l.lllIE.Q2 

'Qn-241U 
'Qn-24lU 

UOUD 
90UD 

U!lE-C1 13OE-C1 

'0..-242 
'Cm-242 

UOUIO 
9OUO 

l.33E-O:; t57E-03 3.1<1:-1S 24<1:-olI 00CE+«l 000E+«l 

'0m--243 
'0n-243 

UOUIO 
9OUO 

1.34E-C1 l.31E-C1 4.•-13 1l00-OlI U4E-{)6 342E.QIl 

~ SOlD lME-Gl 6.5llE-03 2. 7llE-l 5 22te.(XI OOCE.oo 00CE+«l 

'~ 

'~ 

UOUD 
SOlD 

1.55E-O< 1.5OE-02 2.6lIE-13 t.55E.Q6 I.Il2E.()7 0.001"+00 

'~ UOUD 1.51E-o:l 80CE-03 2.441:-15 I.S1E.(XI 0001".00 0001"+00 

~ 
INGESTION 
DPUIICRP8J 
(max) SIIIBq 

U 

U 

U 

U 

U 

5~.Q7 

4.301:·10 

5.5OE.Q7 

0() 
5.~.Q7 

o 
U 

U 

U 

U 

U 

U 

U 

U 

2.4OE.QIl 

40CE.Q7 

3.2OE.Q7 

5llOE.()7 

5.llOE-07 

H'O(~.Il) IR1Q{6J 1R20(6) (7(9-35)) 
INHAlATION POlin- SOUR::!: POINT SOUR::!: Of lJOUID9 

DPUIICRP60 GAM"'" BETA FRACOf 
(mOl<I9v-tlq Sv.tl per Ilq 9v.tl per Ilq INVnITORY 

U 

U 

U 

U 

U 

7.0CE.05 

1.2te.Q6 

6~.05 

7.0CE.05 

U 

U 

U 

U 

U 

U 

U 

U 

35OE-08 

U<I:.05 

4 00E.05 

7.2(E.05 

7.2te.05 

4Q6E·14 

368E·14 

S1'IlE-14 

238E-14 

102E-13 

213E·1S 

183E·15 

2341"-15 

2JOE·14 

80SE-14 

153E-16 

323E-1S 

UIlE·14 

8.1101"·14 

771E-1S 

202E-IS 

4.tllE-14 

1 s:!E·1S 

1341:·14 

lME·P 

o 55E-1S 

IS1E·1S 

1000·P 

10CE·17 

10CE·1S 

UJOE·15 

o 0CE+«l 

10CE-P 

OOOE.OO 

l00E!! 

0001".00 



TABLE B1 RADIONUCUDE DEPENDENT DATA
 

C» 
-A 

,NUCUUl: .."""c~ Rl (1) 
MEANENEA3Y 
PERDI9INrN 

ew.t.AA 
MEV 

R2(1) 

MEANENEROY 
PERDISlNTN 

BETA 
MEV 

R5lI~(2) 

GAM"' & BETA 
SEMI-INFINITE 

PlANE 
S....,p"'~2 

R7(J) 
GAMIAA 

SKIN 
00SE7m~ 

9;'" P'" Bqian2 

All (4) 
BETA 
SKIN 

OOSE~ 
9;,t, P'" Bqlcrn2 

R;!l4 (4) H91~,8) 

BETA INGESTION 
SKIN OPUIICRPOO 

D06EolQn~ (max) SVItlq 
SVItl P'" 8<fan2 

Hl0(~,8) 

INHAlATION 
DPUIICRP60 
(mox) SYIBq 

IR1~(6) 

POIIiT SOURCE 
GAM"' 

Sv,t, P'" Bq 

1R20(6) 

POlIiT SOURCE 
BETA 

Sv,t,P'" Bq 

,~ \115-3511 
OFUOUIDS 
FRACOF 
INVEIiTORY 

'Crn-246 9000 

'Crn-247 
'Crn-247 

UOUIO 
9000 

3. 14N)f 2.11E~ 10151:-12 lME.()f! 1llOE'()7 1.lI3E-oll 54OE.()7 II llCl':.()5 3.UE·U OOOE.OO 

'Crn-246 
'Crn-241l 

UOUIO 
9000 

l.16E.()3 II 04E.()3 1.16£-15 IIlleE-ll OOOE+OO OOOE+OO 22OE.()6 2llCl':.()4 1.ISE-l11 OOOE.OO 

'Crn-24llU 
'Crn-24llU 

UOUIO 
SOUO 

1l11E~ 28JE.()1 l.11E-1J U U t 1I1E·15 

1lk-24llU 
1lk-24llU 

UOUID 
SOOO 

11lllE'()7 3.2llE~ Il1OE.()lI 200E'()7 1691:·20 

'Ilk~ 

'Ilk~ 

UOUIO 
SOOO 

1I1l5E.()1 2111E.()1 2.75E-12 531E.()f! 23OE-06 5l!l2E'()7 U U 8l15E-U l00E·15 

'Cf-2«U 
'Cl-2«U 

UOUIO 
SOlD 

1111E.(X! 851E.()3 U U 1.1I1E-l11 OOOE.oo 

'Cf-24l1 
'CI-246 

UOUIO 
90UD 

1.32E'(x! 5l13E.()3 71l2E-ll 5l13E.(Il\ O.OOE+OO 500E.()lI 1.8Cf''()7 132'E·l11 O.OOE.OO 

'Cf-241l 
'CI-241l 

UOUIO 
SOlD 

1.3OE'(x! 5l1llE-03 222E-15 7llCE-l , 5l16E.(Il\ OOOE+OO 5.!5OE-oll , .3CE:.()5 1.3OE-16 OOOE+OO 

'Cf-2411 
'CI-2411 

UOUIO 
SOlD 

333E-Ol 434E-02 l.10E·12 200E.()f! 32OE.()7 I.llOE-oll 7.00E'()7 8!5OE.()5 333E·U OOOE.OO 

'CI-2!lO 
'Cl-250 

UOUIO 
SOlD 

12E'(x! 5lleE-03 227E-15 7.44E·ll 41l1E'-olI OOOE+OO 32OE-07 UOE.()5 124E-l11 OOOE+OO 

'~1 

'Cf-251 
UOUIO 
9000 

'31E.()1 lIllIE.()1 4.25E-' 3 7llOE-Oli ll16E.(Il\ 3ll2E-07 3eOE.()7 81'OE.()5 '.31E-14 '00E·17 

Cf.2S! 
Cf.2S! 
CI-252 

SOlD 
CAPSlU 
FOL 

, .!lIe-«1 1.3OE-02 2.10E-15 13OE-og 3.ME-oll OOOE+OO 1.1'OE'()7 3l1OE.()!'5 '5OE·'5 OOOE+OO 

'Cf.253 
'Cf.253 

UOUIO 
SOlD 

2.27E-O!! 7ll2E-02 3.75E-17 1.3lIE-l~ 7ll2E.()7 1.5llE.()7 21'OE-oll 112l:1:.()7 227£-18 '00E-17 

'Cf-254 

'Cf-254 

UOUIO 
80UD 

1.74E.c1 1.00E.ot 7.38E-20 1l1'OE.()7 500l:.()5 '.eOE.()!'5 8.4OE.()7 7llCE.()5 1.74E·12 400E·t3 

'&-2'3 
'&zn 

UOUID8 
llOlJOS 

l.10E-«l 3 4!!E.()3 2.3OE-15 lleOE-l1 345E.(Il\ OOOE+OO l00E.(Il\ 1I2OE'()7 l10E-l11 OOOE+OO 

&-2SI 
&-2SI 

UOUID8 
9OU09 

1.I1E-o:! 7.01E-02 376E-14 l.1!JE-<llI 7.01 E.()7 14OE.()7 5.4OE-oll 700E-oll 1111E·15 l00E·17 

'&254m 
'&254m 

UOUID8 
llOlJOS 

UiIlE.()1 25E.()1 1A1E-12 2Il1E-<lll 23OE.(1l1 50i1lE.()7 1I.1'OE.()lI 1.3OE.()7 468':-14 l00E·15 

'&-Z5!5U 
'&-25aJ 

UOUID8 
llOlJOS 

1.84E-l11 U U 

'Fn>34 
'Fm-254 

UOUI08 
9OU06 

'.2l!E''(x! 5111E.()3 241E-15 7.!5tiE·ll 581E.(Il\ OOOE+OO 42OE-l0 14OE-oll I ;>SE·l11 oOOE.OO 

'Ftn-25l! 
'Fm-255 

UOUID8 
9OU06 

131!5E-«1 • 7lIE-02 238E-14 810E-l0 .7lIE.()7 \.lI6£.()7 3eOE.()lI II 6Cf'-oll 131!lE-15 l00E·17 



RI (II 

MEANENERlV 
PERDlSINTN 

GAMMA 
MEV 

"Fm-2!ieU UOOIOS 1.11E~1 

'Fm-2Sl!U 9OU09 

fl2(I) 

MEANENERlY 
PERDI9lNTN 

BETA 
JEV 

1.2(E~1 

GAMMA aBETA
 
SEM-INRNrTE
 

PlANE
 
9~per~2 

TABLE B1 RADlONUCLlDE DEPENDENT DATA 

R7(3) 

GAMMA
 
SKIN
 

DOSE 7m9'<Jn2
 
911'" pet 8qlcm2 

R8(4) 1R2t(4) 
BETA
 
SKIN
 

DOOE 4mgIcm2
 
SYk> p4f BqIcm2
 

r 

BETA
 
SKIN
 

OOSE4Q-n~ 

S..... pet Btlcm2 

R9IS.8) 
INGESTION 
OPllIICRPOO 
(mu)SYIBq 

U 

RIOtS.8) 
INHAlATlON 

OPUllCRPtlO 
(mu)SYI8q 

U 

IRIQ(6) R20(6) rY(7(&35)) 

POINT90U~ POlNT9OU~ OFI..JOUIDS 
GAMMA BETA FRACOF 

SY.... pet Bq SV.... petBq INVENTORY 

I11E-14 l00E-17 

~~
 



Index to shorthand in tables 

*Si-31- The '*' refers to radionuclides for which their use is unknown. 

2	 *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(8) or have been omitted. 

3	 Doses from inhalation of radon e 22Rn) and thoron e2~n) 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-3 gives rise to a dose rate of 1 10-3 Sv yol. Assuming that an 
individual's inhalation rate is 1 m3 h-I then the 'dose per unit intake' (in Sv Bq-I). 

110-3 Sv y-I 
= ____~--.."......---:'----___,_• 5.7 10-9 Sv Bq -I. 

20.5 Bq m -3 x 1 m 3 h -I x 8760 h y -I 

b) The dose from 22~n was estimated, assuming a conversion factor of 
340 10-9 Sv per Bq.h m- . .
 

Assuming an inhalation rate 1 m3 h- l , the dose per unit intake in
 
Sv Bq-l =4 10-8 Sv Bq-l.
 

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

5	 Re-182Z. The 'Z' refers to a radionuclide in which energy emission data is not 
available from ICRP Publication 381• 

6	 Hg-197#. The '#' means that inhalation and ingestion data was obtained from 
reference 6. 

7	 "Solid" is defined as a "dispersable solid". 

8.	 "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 pSv 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 10-2 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 normal situations guarantees that the maximum individual risk 

per year related to the reporting level is: 

(10 IlSv/year).(5 10,2 effect/Sv) = 5 10-7 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 to satisfy the following relationship: 

p x D x risk factor ~ Risk criteria for nonnal situation 

which means: 

p x D x risk factor ~ 5 10,7 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 10-2. 

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 = (10-2/year) x D x 5 10-2 = 5 10-7 fatal cancer/year max max
 

D = (5 10-7 / 5 1O-2)Sv 102
max 

D = 1 mSv/event max 

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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Further information may be obtained from: 

Commission of the European Communities 
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Mr. H. Lellig 
Centre Wagner 
Rue Alcide de Gasper! 
L-2920 LUXEMBOURG 

Tel: (352) 4307-36383, Fax.: (352) 4307-34646 
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