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FOREWORD 

The main objectives of radioactive waste disposal are to ensure that 
man and his environment are adequately protected from the radiological risks 
resulting from the disposal practices and that these risks are reduced to the 
lowest practicable level. This has been recognised by the OECO Nuclear Energy 
Agency (NEA), notably In the 1984 publication of a set of radiation protection 
objectives specifically adapted to the long-term management of radioactive 
waste, and based upon the current system of radiation dose limitation recom
mended by the International Commission on Radiological Protection (ICRP). 

A commonly used and proven method for the disposal of low-level solid 
radioactive waste 1s the emplacement of conditioned waste packages 1n ap
propriately engineered, near-surface facilities, generally termed "shallow 
land burial" facilities. To assist national authorities 1n the application of 
the NEA long-term radiation protection objectives, an Expert Group was con
vened to develop radiological guidance for the assessment and acceptance of 
low-level wastes, particularly those wastes containing alpha-emitting and 
other long-lived radionuclides, 1n shallow land burial facilities. This report 
presents the results and conclusions of the Expert Group study. 

The report, which represents the views of the Expert Group, 1s Intended 
to provide a useful reference for national authorities, but does not 1n any 
way commit the OECD/NEA or the Member countries. The report Is published under 
the responsibility of the Secretary General of the OECP. 
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SCOPE AND CONDUCT OF THE STUDY 

In 1984, the NEA published a document on "Long-Term Rao1at1on 
Protection Objectives For Radioactive Waste Disposal" which has since been 
widely quoted and accepted. The Executive Summary of this document 1s Includ
ed 1n Annex I for convenient reference. Also 1n 1984, the Radioactive Waste 
Management Committee (RWMC) of the NEA, In co-operation with the Committee of 
Radiation Protection and Public Health (CRPPH), approved the formation on an 
Expert Group to provide guidance on the development of acceptance criteria for 
shallow land burial of radioactive waste. This Group was directed primarily 
to look at long-lived radionuclides, although a review of the full terms of 
reference Included 1n Annex II Illustrates the broader nature of Its overall 
mandate. The membership of the Expert Group was as follows: 
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HEREMANS, R., Organisme National des Déchets Radioactifs et des Matières 
Fissiles,ONDRAF, Boulevard du Régent 54, Boite 5, B-1000 Bruxelles. 

CANADA 

CHARLESWORTH, D.H., Or., Head, Chalk River Environmental Authority, Atomic 
Energy of Canada Limited Research Company, Chalk River Nuclear 
Laboratories, Chalk River, Ontario KOJ 1J0. 

WAGSTAFF, K.P., Dr., Waste Management Division, Atomic Energy Control Board, 
P.O. Box 1046, Ottawa, Ontario KIP 5S9. 

FRANCE 

CHAPUIS, A.M., Mrs., Chef de la Section d'Etudes de Protection pour les 
Déchets, DPT/SEPD, Centre d'Etudes Nucléaires, B.P. N°6, F-92260 
Fontenay-aux-Roses. 

GENTIL, Section d'Analyse et d'Evaluation de la Sûreté des Déchets, IPSN, 
Centre d'Etudes Nucléaires, B.P. N°6, F-92260 Fontenay-aux-Roses. 

JAPAN 

DOI, K., Senior Engineer, Nuclear Fuels Development Division, Power Reactor 
and Nuclear Fuel Development Corporation (PNC), 9-13, 1-chôme, Akasaka, 
M1nato-ku, Tokyo. 

IWA1, M,, Dr., General Manager, Environmental Protection Section, Health and 
Safety Division, Tokal Works, Power Reactor and Nuclear Fuel 
Development Corporation (PNC), 4-33 Murasuatsu, Toka1-Mura, Naka-Gun, 
Ibarak1-Ken. 
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KAI, M., Environmental Research Laboratory, Department of Environmental Safety 
Research, Tokal Research Establishment. JAERI, Tokal-Hura, Naka-Gun. 
Ibarakl-Ken. 

WADACHI, Y.,Dr., General Manager, Low Level Waste Management Laboratory, 
Department of Environmental Safety Research, Tokal Research 
Establishment, JAERI, Tokal-Mura, Naka-Gun, Ibarak1-Ken. 

UNITED KINGDOM 

RICHARDS. H.. (Chairman). Room A5.30, Radioactive Waste Division, Department 
of the Environment, Rornney House, 43 Marsham Street, London SW1 3PY. 

HILL, M.D., Ms., (Consultant to NEA Secretariat), National Radiological 
Protection Board, Chilton, Dldcot, Oxon 0X11 ORQ. 

UNITED STATES 

JOHNSON, L., Physical and Biological Sciences Division, EGG, Inc., Box 1625, 
Idaho Falls, Idaho 83415. 

KENNEDY, W., Battelle Pacific Northwest Laboratory, P.O. Box 999, Richland, 
Washington 99352. 

KLUK, A.F., US Department of Energy, Mali Stop DP-122-1, Washington, 
D.C. 20545. 

MEZGA.L.J., Building 1505, Oak Ridge National Laboratory, P.O. Box X, Oak 
Ridge, Tennessee 37831. 

ROLES, G., Engineering Branch, Division of Waste Management, US Nuclear 
Regulatory Commission, (SS-623), Washington, D.C. 20555. 

IAEA 

LINSLEY, G., Division of Nuclear Fuel Cycle, International Atomic Energy 
Agency, P.O. Box 100, A-1400 Vienna, Austria. 

NEA 

ILARI, 0., Dr., Deputy Head, Division of Radiation Protection and Waste 
Management, 38 Boulevard Suchet, F-75016 Paris, France. 

NEA SECRETARIAT 

BRAGG, K., Division of Radiation Protection and Waste Management, 
38 Boulevard Suchet, F-75016 Paris, France. 
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DIRK VAN HOESEN, S.f Oak Ridge National Laboratory, P.O. Box X, Bldg. 1000, 
Rm. 129c, Oak Ridge, Tennessee, 37830, United States. 

CAIRNS, R.C., Dr., Counsellor (Atomic Energy), Australian High Commission, 
Strand, London WC2B 4LA, United Kingdom, 

- 8 -



EXECUTIVE SUMMARY 

This report proposes a methodology to derive radiological criteria for 
the acceptance of radioactive wastes containing long-lived radionuclides Into 
shallow land burial facilities, based on current Internationally accepted ra
diation dose and risk limits. The report Identifies the Important factors to 
be considered, provides a methodology for establishing radiological acceptance 
criteria for new facilities, provides examples of how the methodology could be 
applied, develops reference levels for concentrations of long-lived, alpha-
emitting radionuclides 1n wastes and compares these to existing national 
standards. 

The disposal technology and site conditions considered by the Expert 
Group covered virtually the full range of possible conditions for shallow land 
burial, ranging from unllned trenches to concrete monoliths In fully engineer
ed facilities. Reference levels for these modelled facilities reflect upper 
and lower bounds against which site-specific analyses can be compared, but 
also allow for other higher or lower values where these can be justified on a 
s1te-spec1f1c basis. In this context, It 1s recognised that the progressive 
addition of engineered barriers can result 1n an Increasing level of protec
tion beyond the base case represented by unllned trenches. However, consider
ing the present state of knowledge, 1t was not felt to be possible to 
Indicate, on a generic basis, how much Improvement 1n performance 1s gained 
from the addition of each engineered barrier. The quantification of such 
types of performance Improvement Is extremely complex, even for site-specific 
analyses, and therefore 1s only examined briefly In this report. 

The Expert Group examined potential waste acceptance reference levels 
based on concentration limits averaged over the whole facility and on total-
activity limits for a facility. It also assessed whether global radioactivity 
levels, such as total alpha or beta/gamma, could be defined. The results of 
this assessment can be summarised as follows: 

I) The establishment of reference levels In terms of total-activity 
limits for a facility 1s usually dependent on groundwater seepage 
scenarios, which are highly s1te-spec1f1c. Therefore, specific 
numerical guidance cannot be presented 1n terms of total activi
ty, nor can specific methods be suggested as a basis for further 
calculations. 

II) Reference levels 1n terms of concentration limits, for most 
radionuclides, appear to be controlled by human Intrusion scen
arios, and therefore are more amenable to a generic derivation 
and assessment method. 
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Hi) Many of the alpha-emitting radionuclides have similar character
istics, and thus establishment of a general reference level is 
possible. Radium (Ra) is a notable exception, and it is addressed 
only in terms of methodology. 

iv) The derivation of generic reference levels (or criteria) based 
directly on risk was not possible, since the probabilities of 
disruptive events were judged to be too dependent on site-specific 
factors. This should be recognised when considering the generic 
reference levels provided in the context of site-specific assess
ments. 

The main guidance from the Expert Group is summarised as follows: 

i) The suggested range of average reference levels for alpha-emitting 
radionuclides (excluding Ra) is 10-103 Becquerels per gram 
(Bq.g*1) for wastes placed within the Normal Residential Intrusion 
Zone (NRIZ). 

ii) For wastes below the NRIZ and above 20 m, the range of average 
reference levels for concentrations of alpha-emitting radio
nuclides is 103-10* Bq g-1. 

iii) The suggested range of average reference levels for concentra
tions of long-lived, high energy, gamma emitting radionuclides 
(Niobium 94) is 10-103 Bq g-1. 

The NRIZ referred to above will typically be a few metres from the sur
face (2-4 m, for example), depending on the types of construction used for 
low-rise residences and the types of foodstuffs which may be grown for family 
consumption. The scenario used for this report assumed complete mixing of 
waste and soil and that a garden attached to the dwelling would produce a 
large portion of the food consumed. When larger structures are erected, this 
practice is generally not maintained, and the foundation may be assumed to 
penetrate deeper into the waste. 

The reference levels suggested in the report are derived on the basis 
of the dose limits proposed in international radiation protection recommenda
tions. Thus, where national authorities believe that individuals may be 
exposed to more than one radiation source, it would be appropriate for them to 
establish, for the particular shallow land burial facility being considered, 
an upper-bound lower than the applicable dose limit. Thus, the derived levels 
would need to be reduced by a similar proportion. In addition, the reference 
levels outlined 1n this report are applied only to single nuclides. For a mix
ture of long-lived nuclides, the limiting concentration for each should satis
fy a summation rule, as discussed in Section 4.1 of the report. 

The report also Illustrates assessment methodologies where reference 
levels were not suggested, and demonstrates several critical relationships be
tween parameters. For example, levels for intermediate-lived nuclides depend 
strongly on the choice of an institutional control period, whereas those for 
short-lived nuclides depend mostly on surface dose rates, which may result in 
the exposure of workers at the facility. Also discussed is the role of other 
factors which may have an Impact on waste management strategies and which may 
not be subject to simplp or quantitative methods of analysis. Finally, the 
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compatibility of the suggested reference levels with existing waste management 
practices In various countries Is demonstrated. 

The report should not be regarded as a recommendation either for or 
against shallow land burial as a disposal method, as this Is a matter of 
policy, which 1s the responsibility of national authorities. It 1s Intended 
to provide general guidance for new facilities and not for those previously 
closed. It must also be stressed that generic studies of the type presented 
1n this report are not sufficient for the selection of a disposal site or for 
the design, construction and use of any given disposal facility. For those 
purposes, a site-specific safety analysis would need to be performed which 
would give consideration to other possible radionuclide release scenarios, In
cluding groundwater scenarios, and to the total activity of radionuclides 
within the facility. Such analyses would also enable authorities to make 
decisions based on the optimal use of technical, natural, social and economic 
resources. 
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1. INTRODUCTION 

1.1 BACKGROUND 

Near-surface disposal of low-level solid radioactive waste 1s a manage
ment practice adopted or under consideration 1n several countries. A commonly 
used and proven method for the disposal of such wastes Involves the emplace
ment and burial of the wastes at relatively shallow depth, generally less than 
20 m, at specially designated sites. In this report, this method will be des
cribed by the generic term of "shallow land burial", which covers emplacement 
both In simple trenches and in engineered structures (for example, concrete 
vaults). 

An Important Issue In the development of strategies for the management 
of low-level radioactive waste 1s the establishment of waste acceptance cri
teria for shallow land burial facilities. Given that a primary objective of 
radioactive waste disposal 1s to ensure that radiological risks to humans and 
the environment resulting from the disposal practices are reduced to the 
lowest practicable level, 1t Is clear that radiation protection objectives 
have to be fully taken into account 1n the derivation of such criteria. Other, 
non-rad1oloy1cal factors, of course, also require consideration 1n the es
tablishment of waste acceptance criteria. 

In 1984, the Nuclear Energy Agency (NEA) published recommendations on 
the application of radiation protection objectives to the long-term management 
of radioactive waste [1]. In accord with these recommendations, and to assist 
national authorities in the application of these basic concepts, the NEA con
vened an Expert Group to develop radiological guidance for the assessment and 
acceptance of low-level wastes, particularly those wastes containing long-
lived, alpha-emitting radionuclides, 1n shallow land burial facilities. This 
report presents the results and conclusions of the Expert Group study. 

1.2 STUDY APPROACH 

The primary objectives of the study were to: 

I) Develop numerical reference levels for the acceptance of long-
lived radionuclides 1n waste to be disposed of in shallow land 
burial facilities. 

II) Demonstrate a methodology suitable for derivation of other 
numerical waste acceptance criteria. 

III) Apply the 1984 NEA recommendations [1] on long-term radiation 
protection objectives for radioactive waste disposal to the issue 
of waste acceptance criteria for shallow land burial facilities. 

During the course of the study, the Expert Group recognised several 
limitations to the complete achievement of the study objectives. These 
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limitations are noted within the report, where appropriate. In addition, a 
specific comparison of what was actually achieved by the Group with the ori
ginal study objectives, as well as a brief explanation of any differences, 1s 
provided 1n Annex III. 

There are two basic approaches to establishing waste acceptance levels: 
one 1s to derive generic reference levels to be applied to all burial facili
ties, and the other Is to adopt a site-specific approach, establishing 
criteria specifically for each burial facility by taking account of unique 
site characteristics and facility design. Both approaches have been used In 
the past 1n various countries. However, 1t 1s clearly not possible to estab
lish quantitative, slte-spedflc criteria on an International basis. There
fore, the approach adopted by the Group was to examine the possibility of 
deriving broadly based quantitative, generic reference levels, and to provide 
guidance on the methods which could be used by national authorities to derive 
site-specific waste acceptance criteria. Focus was primarily on long-lived 
radionuclides, particularly those which are alpha-emitting. 

When establishing waste acceptance criteria or reference levels for 
shallow land burial facilities, 1t 1s useful to consider three periods in the 
existence of a burial facility: 

I) The operational period, when the facility Is open and wastes are 
being emplaced. 

II) The post-operational, Institutional control period, when the 
facility has been closed but 1s still monitored and maintained. 

III) The post-operational, post-Institutional control period, when the 
facility has been released for other uses and no monitoring or 
maintenance 1s conducted. 

The duration of the first two periods will vary from one facility to 
another but, 1n general, the operational period can be considered to be a few 
decades, while the Institutional control period could range from a few years 
to a few hundred years. The choice of this period depends on social consider
ations and 1s linked to the Inventory of radionuclides 1n the facility. The 
final period covers the time period following removal of active Institutional 
controls. Most of the discussion 1n this report focuses on the two post-
operational periods. However, operational aspects are Implicitly taken Into 
account because any waste acceptance criteria must be capable of being applied 
1n practice, and must be compatible with operational requirements. 

The Expert Group recognised that other factors Independent from the 
radiological protection basis, such as stability and leachablHty of the waste 
form, also need to be considered 1n the development of waste acceptance cri
teria. Therefore, It was decided that, while emphasis would be placed on the 
derivation of reference levels for vaste acceptance from International radio
logical protection objectives, consideration would also be given to other 
practical aspects of waste disposal. Given that qualitative guidance 1n this 
area has been provided by the International Atomic Energy Agency (IAEA) [2-5], 
emphasis 1n this study was placed on quantitative aspects. 
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The report 1s therefore Intended primarily to be used as a reference 
guide for the establishment of nev shallow land burial facilities, and 1s not 
Intended for application to existing post-operational facilities. Burial of 
small quantities of radioactive waste at municipal landfill sites 1s not con
sidered. The particular problems associated with the management of uranium 
mill tailings are also outside the scope of the report. 
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2. RADIOLOGICAL PROTECTION ASPECTS OF HASTE ACCEPTANCE CRITERIA 

2.1 TYPES OF WASTE ACCEPTANCE CRITERIA 

The types of quantitative waste acceptance criteria, or reference 
levels, which can be derived from long-term radiological protection objectives 
for disposal are: 

I) Limits on the concentrations of radionuclides 1n wastes. 

II) Limits on the total activity of radionuclides to be disposed of 
at a given facility. 

III) Performance standards for waste forms and waste packages. 

Standards for performance of waste forms and waste packages are linked 
to the first two types of criteria because the assumptions made concerning 
waste degradation and package performance need to be Incorporated Into the 
mathematical models used to derive numerical concentration and total-activity 
limits. Some of these assumptions will, by necessity, be specific to Indi
vidual burial sites and facilities. However, 1n formulating performance cri
teria for waste forms and packages, 1t will also be necessary to take Into 
account factors which are not directly related to the long term radiation 
protection objectives for disposal (for example, operational aspects). 

Limits on concentrations and total activities of short-lived radio
nuclides are both linked to the duration of the Institutional control period, 
because the longer the period for which disturbance of the burial facility 1s 
prevented, the greater the quantities of short-lived radionuclides which can 
be placed 1n 1t. For long-lived radionuclides, which will not decay sub
stantially within the period over which the effectiveness of Institutional 
controls can be guaranteed, limits on concentrations and total activities are 
virtually Independent of the Institutional control period. As noted 1n 
Section 1.1, this report primarily addresses long-lived radionuclides, but 
some consideration 1s also given to short-lived radionuclides. In this latter 
case, the Intention 1s not to recommend Institutional control periods, but to 
examine the effect of the choice of control period on waste acceptance 
criteria. 

In principle, all types of waste acceptance criteria are linked to the 
characteristics of the other components of the disposal system, Including the 
materials used to Une, backfill and cap burial facilities, the depth of dis
posal, the hydrogeologlcal and geochemlcal conditions Inherent to the burial 
site, and the local biosphere. In practice, however, 1t 1s possible to 
consider generic criteria, or reference levels, either by considering a large 
number of specific burial facility designs and sites, or by using very general 
assumptions 1n the derivation of the values. 

It should also be noted that the extent to which waste acceptance cri
teria depend on burial facility and site characteristics 1s also Influenced by 
the radionuclide release and transport scenarios on which these criteria are 
based. Some criteria may be derived primarily from consideration of the risks 
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associated with scenarios which are very s1te-spedf1c, while others may be 
based on scenarios which are relevant to most facilities and sites. This 
point Is discussed 1n more detail 1n Section 2.3. 

2.2 RADIATION PROTECTION OBJECTIVES 

In 1984, the NEA published a joint RWMC/CRPPH Expert Group Report on 
"Long-Term Radiation Protection Objectives for Haste Disposal" [1]. That 
report addresses all forms of radioactive waste and all waste disposal options 
which may have radiological Implications beyond the time for which Institu
tional control Is expected. Its conclusions are thus relevant to shallow land 
burial of wastes containing long-lived radionuclides. It should also be noted 
that the Expert Group which prepared that report Included several members of 
the International Commission on Radiological Protection (ICRP) Committee 4, 
and that the Expert Group's report has formed one of the principal Inputs for 
the preparation of an ICRP document on radiation protection principles for the 
disposal of solid wastes [6]. In addition, that Expert Group examined mater
ial developed by an IAEA Advisory Group on "Criteria for Underground Disposal 
of Radioactive Waste" [7]. The conclusions of that Expert Group thus reflect 
a substantial International consensus, although they do not have the status of 
recommendations agreed to by NEA Member states. For the convenience of 
readers of this report, the Executive Summary of the Expert Group's report [1] 
1s provided 1n Annex 1. 

The radiological protection objectives recommended 1n the NEA report [1] 
are of two types: numerical objectives for the risks to Individuals, and a 
qualitative objective that all risks should be kept as low as reasonably 
achievable, economic and social factors being taken Into account. In princi
ple, both of these types of objective should be applied 1n the assessment of 
wastes for possible disposal In shallow land burial facilities. The procedure 
for doing this Is analogous to that used when applying the ICRP system of dose 
limitation to effluent releases. Part of the procedure consists of using 
mathematical models to derive numerical waste acceptance criteria which, 1f 
met, would ensure that risks to Individuals do not exceed the appropriate 
objectives. These criteria would constitute minimum requirements. The other 
part of the procedure Involves studies to determine the waste acceptance cri
teria which would meet the ALARA rerulrement, and consideration of factors 
other than those directly related to radiological protection. The latter 1s a 
matter for national authorities, because 1t Involves judgements which can only 
be made In the context of conditions 1n particular countries. The derivation 
of minimum requirements 1s more amenable to International treatment. However, 
even here there are difficulties because, 1n deriving these minimum require
ments, 1t 1s necessary to take account of other artificial sources of 
radiation exposure which may affect the Individuals who are at most risk from 
a shallow land burial facility. This 1s addressed by establishing an upper-
bound to the Individual risk from a burial facility. This upper-bound 1s a 
fraction of the overall risk objective for waste disposal and acts as a 
constraint on optimisation procedures [6, 8]. Risk upper-bounds for particu
lar burial facilities can only be established by national authorities, because 
1t 1s only they who have the Information needed to take Into account other 
sources of exposure. 

- 16 -



For the reasons outlined above, this document primarily addresses the 
use of mathematical models to obtain numerical waste acceptance reference 
levels which are based on the risk objectives given .n the NEA Expert Group 
report fll. and the way 1n which these reference levels should be used. How
ever, as part of the discussion, the establishment of risk upper-bounds for 
shallow land burial facilities Is considered, and guidance 1s provided on the 
factors needed to be considered 1n ALARA studVs and on the techniques which 
can be used to aid decisions on the acceptability of radioactive wastes for 
disposal In shallow land burial facilities. 

Since the Expert Group report on "Long-Term Radiation Protection 
Objectives for Waste Disposal" [1J was published, ICRP has Issued a further 
statement on dose limits for members of the public [9]. This recommends a 
principal limit of 1 mSv per year on average annual effective dose equivalent 
over a lifetime, and a limit of 5 mSv 1n any given year provided that the 
principal limit Is observed. The risk objectives provided in the Expert Group 
report [1] are consistent with these recent ICRP recommendations [6, 9]. 

2.3 EXPOSURE SCENARIOS 

There are several mechanisms by which radionuclides contained in radio
active waste burled at shallow depth on land may be potentially mobilised from 
the waste and transported through the environment, and thereby become access
ible to humans through various exposure pathways. Exposure may result either 
through direct contact with contaminated material (for example, inhalation of 
air, ingestion of water or direct exposure to radiation) or Indirectly through 
contaminated biota (that is, through pathways Involving vegetation and 
animals). The risks associated with these scenarios are influenced by a wide 
range of parameters. Including waste properties, engineered features of burial 
facilities, disposal site environments and operational procedures. 

There are a number of exposure scenarios which may be considered when 
determining overall acceptance criteria for shallow land burial of radioactive 
waste. To systematically quantify the risks resulting from these scenarios, 
1t 1s useful Initially to present an overview of possible radionuclide release 
and transport mechanisms. Following this, the scenarios may be screened and 
aggregated Into groups which relate to the use of particular scenarios to 
establish particular types of acceptance criteria. 

2.3.1 Radionuclide Release and Transport Mechanisms 

In discussing mechanisms by which radionuclides may be released and 
transported from shallow land burial facilities, 1t 1s convenient to dis
tinguish between the operational and post-operational phases of a disposal 
facility, and to subdivide the post-operational phase Into the institutional 
control and post-Institutional control periods. The operational phase will 
typically last for a few decades. The post-operational, institutional control 
period could range from a few years to a few hundred years, while the post-
operational, post-Institutional control period extends from the time period 
following removal o' controls. From the point of view of risk calculations, 
the difference between the two periods of the post-operational phase 1s that 

- 17 -



during the institutional control period, It is possible to assume that remedi
al actions can be implemented to mitigate the consequences of releases, and 
that, for some types of fully engineered facilities, groundwater transfer of 
contaminants is precluded. Controls can be assumed to eliminate the risk of 
human intrusion, while in the post-institutional control period, intrusion 
becomes a possibility and the implementation of remedial actions cannot be as
sumed. Table 1 provides examples of radionuclide release and transport 
mechanisms that may be considered in assessments of the operational and post-
operational phases. 

Table 1 

RADIONUCLIDE RELEASE AND TRANSPORT MECHANISMS FOR 
SHALLOW LAND BURIAL FACILITIES 

OPERATIONAL PHASE INSTITUTIONAL PHASE POST-INSTITUTIONAL PHASE 

Normal processes: 

. direct radiation 

. operational effluents 

Accidents: 

. physical damage to 
containers 

. leakage 

. fire 

. explosion 

Normal processes: 

groundwater leaching 
and transport* 
gases from waste decom
position 

Abnormal events: 

plant and animal uptake 
and translocation 
leachate accumulation 
early barrier failure 
natural events 
human intrusion 

Normal processes: 

groundwater leaching 
and transport 
plant and animal up
take and transloca
tion 
gases from waste 
decomposition 
human intrusion 

Abnormal events: 

. leakage accumulation 
early barrier failure 
natural events 

•Except for some fully engineered facilities 

Operational Phait 

During the operational phase, experience has shown that the principal 
risk to workers at the facility 1s normally associated with direct radiation 
exposure from waste packages. These risks may be controlled using standard 
health physics techniques Incorporating time, distance and shielding. There 
is also a less significant potential for release of incidental contamination 
from the surface of waste packages into the air or for transfer onto clothing 
or other surfaces. Inhalation exposures may result, and perhaps also Inges
tion exposures, but these risks can be controlled through the use of accept
able operational practices. 
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Abnormal events to be considered In the operational phase Include 
physical damage to waste packages (I.e., containers), leakage, fire and ex
plosion. Physical dcmage could result from dropping a waste package from a 
hoist or crane, or possibly accidentally trampling the waste package with 
heavy equipment. This could result In package rupture and dispersal of the 
contents. Leakage can occur 1f the waste 1s Improperly packaged and contains 
material such as liquids, slurries or disperslble solids. A fire could result 
from either spontaneous combustion or the Introduction of an external Ignition 
source. An explosion could result from the accu 'ilatlon of combustible gas 
pressures Inside waste containers, or the presence of explosive materials 
within the containers. The former situation could result from Improperly 
packaged organic material. All of these abnormal events are characterised by 
dispersal of the radionuclides from the waste package. The principal pathways 
of exposure appear to Involve Inhalation of contaminated air, although the 
other two pathways (direct radiation. Ingestion) may 2lso need to be consider
ed. For example, dispersed particulates may settle onto a worker's clothing 
or skin and result 1n direct radiation exposures. 

These risks can be limited by controlling the form of the waste along 
with the contents of the waste package, as well as by establishing suitable 
facility operating procedures. For example, releases due to physical damage 
or leakage can be limited by controlling the physical stability of the waste 
packages and the Integrity of the waste form. Releases from potential fires 
may be mitigated by reducing the amount of combustible material In the waste. 
Pyrophorlc or explosive materials are routinely prohibited at operating dis
posal facilities. Operating procedures to preclude an abnormal event or to 
mitigate potential consequences of an event are usually Implemented. 

Post-operational Phase 

As previously discussed, the post-operational phase can be further sub
divided Into an Institutional and a post-Institutional phase. Depending on 
the design of the facility and the nature of the Institutional control, the 
following release mechanisms may occur during the Institutional phase or only 
during the post-Institutional phase. However, for some fully engineered fac
ilities, groundwater release and transfer to crops can be delayed for signifi
cant periods. Infiltration of water through a disposal facility cover or from 
lateral migration Into the disposal facility can result 1n leaching and move
ment of radionuclides from the waste. Biological Intrusion can result from 
deep-rooted vegetation or from burrowing animals. Release of contaminated 
gases from the waste (for example, In the form of carbon dioxide or methane) 
can result from decomposition of organic materials. 

Radionuclides released Into the groundwater may affect humans through a 
number of exposure pathways. The principal pathway appears to be direct con
sumption of contaminated groundwater (for example, from a well), or of water 
from a surface waterbody that receives the groundwater discharge. Other 
pathways can Include Ingestion (for example, consumption of crops or livestock 
exposed to contaminated water, consumption of fish from surface waterbodles), 
Immersion In contaminated water (fc- example, bathing or swimming In the 
surface waterbodles), Irradiation from surfaces Irrigated with contaminated 
water, or Inhalation (for example, resulting from dispersion of soil contacted 
by contaminated water). 
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These risks will be influenced by a number of factors. One is the du
rability and resistance to corrosion and microbial degradation of the waste 
form and package. Other important considerations Include the nature of the 
disposal site, and the particular waste emplacement, backfilling and capping 
methods that serve to limit the amount of percolating water that is allowed to 
contact the waste. 

Exposure pathways from biological Intrusion can also include Ingestion, 
direct radiation and inhalation. These can result from, respectively, con
sumption of crops having root: that extend Into the waste, exposure to 
material brought to the surface and Inhalation of dispersed and resuspended 
material. Risks from biological Intrusion can be Influenced by the Incorpora
tion of barrier systems, the depth of disposal and the use of structurally 
stable and chemically durable waste forms. A more significant consideration, 
however, may be that biological intrusion serves to increase the potential for 
percolation of water into burial facilities, and thus Increases the risks from 
the groundwater pathway. 

Exoosure pathways from waste decomposition gases principally Involve 
inhalation. Risks from these scenarios can, to some extent, be controlled by 
limiting the quantity of organic material in the waste and by Incorporating 
features designed to reduce the rate of decomposition (for example, by reduc
ing the infiltration of, and contact by, water). 

Abnormal events may include leachate accumulation, human Intrusion, 
early barrier failure and natural events. The nature of these events allows 
them to be treated on a probabilistic basis. Leachate accumulation problems 
can result if water infiltrates Into a disposal facility faster than 1t can be 
discharged (this Is usually known as the "bathtub" effect). If accumulated 
leachate overflows the disposal facility, the released radionuclides may 
result in risks to humans. These risks have frequently been estimated by 
assuming that contaminated leachate flows Into a surface waterbody located 
near the facility, resulting In exposure pathways similar to those from 
groundwater migration. Less significantly, soil contaminated from leachate 
overflow could result in Inhalation and direct radiation exposures. The risks 
associated with leachate accumulation can be controlled by site selection, 
facility design and choice of waste forms, which,If suitably optimised, can 
combine to reduce the potential for subsidence and rainwater percolation. 

Human intrusion can be either Inadvertent or Intentional, and Initiat
ing events can include well drilling, construction-related ground disturbances 
(for example, excavations), agricultural disturbances (for example, plowing) 
and exhumation and recovery of salvageable materials. Exposure pathways can 
include Inhalation, Ingestion and direct radiation, depending upon the par
ticular initiating event considered. The relative significance of any one 
pathway depends upon the particular radionuclide or mix of radionuclides con
sidered. Intrusion Into the waste may be precluded by Institutional controls, 
although there 1s a time limit for which active Institutional controls can be 
relied upon (see Section 2.5). Other possible control mechanisms Include the 
use of Intrusion barriers. Improved waste forms and packages (which may tempo
rarily limit radionuclide dispersion) and greater depth of disposal. 
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Early barrier degradation may occur either from human or biological 
Intrusion, or where unusual erosion or weathering events affect the perform 
ance of the disposal facility cover. Natural events such as faulting, 
flooding or vulcanlsm can also affect long-term performance of a disposal 
facility. In any of these Initiating mechanisms, the primary exposure pathway 
may be Ingestion, Inhalation or direct radiation, depending upon the Initiat
ing event and the particular group of radionuclides considered. These risks 
can be precluded or controlled through careful site selection, facility design 
and operation. 

2.3.2 Scena. '.o Grouping 

The radionuclide release and transport mechanisms discussed In the 
previous section are numerous and frequently Involve complicated pathways of 
exposure to humans. However, the possible scenarios can be aggregated Into 
three main groups according to the general usefulness of each group in deter
mining different types of acceptance criteria. It Is recognised that this 1s 
only a general grouping and that some scenarios may apply to more than one 
type of criterion. These three groups are: 

I) Operational scenarios. 

II) Post-operational scenarios. In which the risks to humans depend 
upon the total radionuclide activity at the site. 

III) Post-operational scenarios. In which the risks to humans depend 
upon the radionuclide concentration. 

Each group of scenarios Is briefly discussed below. 

Operational Scenario* 

This group of scenarios Is significantly different from the other two 
1n that the potential for radiological risks Involves a much shorter time 
frame. The presence of an on-site operator and a governmental requlatory body 
also Implies that any radionuclide release during operations may be promptly 
mitigated. Given the above, operational scenarios are judged to be less use
ful for determining long-term radionuclide concentration and activity limits 
for acceptance of wastes at shallow land burial facilities. Rather, opera
tional scenarios appear to be most useful for determining short-term require
ments, such as those related to worker safety, waste form and packaging, and 
transport requirements. 

"Dolat-Acliuitif Scenario* 

These are scenarios In which calculated risks depend more upon the 
total radionuclide activity contained 1n the disposal facility and less upon 
the radionuclide concentration In any particular portion of the facility The 
scenarios of principal Interest 1n this group are those Involving groundwater 
migration. These scenarios are generally considered to be dependent upon 
site-specific environmental conditions to a significantly greater degree than 
scenarios determined by radionuclide concentrations. 
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These considerations suggest that It 1s Impractical to directly use 
total-activity limits as a means to determine generic waste acceptance cri
teria such as radionuclide concentration limits. The concentration limits so 
derived might be applied to a number of sites having different environmental 
characteristics. Thus, there could be an Inclination to establish concentra
tion limits based upon the most restrictive site environment and disposal 
method. This approach would be overly conservative and unnecessarily restric
tive. It 1s therefore not recommended by the Expert Group. 

Even If concentration limits were established for a single facility 
using total-activity limits, there would be additional difficulties. For 
example, with the assumption that total-activity limits are established for a 
particular burial facility based upon consideration of disposal practices, 
waste form, etc., and based upon comparison with an assumed risk limit, It 
would be theoretically possible to establish a waste concentration limit by 
dividing the total radionuclide activity by the total waste volume. However, 
one would be merely establishing an average concentration limit for the entire 
facility and not for any particular waste package, which would represent only 
a very small fraction of the total waste volume. 

Total-activity scenarios are therefore Judged to be of principal use In 
determining maximum Inventories of particular radionuclides of concern for a 
particular facility. Such a determination would need to be made by either 
local or national authorities. 

"Concentration" Scenario* 

Of the post-operational scenarios cmsldered In Section 2.3.1, risks 
resulting from potential direct human Intrusion Into burial facilities have 
been determined by a number of researchers to be directly proportional to 
radionuclide concentrations [10-14]. As such, many Investigators have propos
ed using Intrusion scenarios as the basis from which to determine radionuclide 
concentration limits for disposal of waste by a particular method. In such 
determinations, concentrations would be limited such that a particular set of 
dose or risk criteria would not be exceeded. The nature of the calculations 
allows for determination of such limits directly, and given that slte-spedflc 
environmental considerations are of less Importance 1n the calculations, the 
derived limits are more useful In a generic sense. 

Human Intrusion Into shallow land burial facilities may be either 
deliberate or Inadvertent. A deliberate Intrusion event Implies that the 
Intruder knows of the potential hazard of the facility, but for some reason 
chooses to Ignore the hazard. Inadvertent Intrusion Implies that in Individu
al or group of Individuals Intrude Into the facility either accidentally or 
without realising that there 1s a potential hazard. This could occur 1f there 
1s a disruption or termination of Institutional controls. Host researchers 
have concluded that protection against deliberate Intrusion 1s not feasible, 
and therefore have concentrated on the protection of humans from Inadvertent 
Intrusion. 

Inadvertent Intrusion scenarios have been modelled by a number of 
Investigators [10-14], with each scenario modelled being composed of a com
bination of up to three basic exposure pathways - Inhalation of contaminated 
air, Ingestion of contaminated food (or perhaps a child Ingesting contaminated 
dirt) and direct exposure to beta/gamma radiation. Investigators also have 
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observed that particular radionuclides tend to be limited by particular path 
ways. For example. 137Cs and 94Nb are generally limited by exposure to direct 
gamma radiation. Radionuclides such as 90Sr, 63N1, 99Tc and 1291 have been 
found to be generally limited by Ingestion pathways. Finally, uranium and 
plutonium Isotopes are often limited by the Inhalation pathway. 

It also has been observed that an appropriate selection of a few scen
arios can give adequate estimates of Impacts. This 1s the approach that has 
been adopted In this report, and the scenarios selected are considered to 
bracket a wide range of possible events, pathways and parameters suitable for 
generic modelling and criteria development. 

In using Intrusion scenarios to establish concentration limits for 
waste disposal, two further considerations become Important. One 1s the 
length of the Institutional control period. The choice of a particular In
stitutional control period Is critical for determining acceptance criteria for 
Intermediate-lived radionuclides such as 90sr or 137cs, but Is Insignificant 
for determining acceptance criteria for short-lived (for example, 60Co) or long-
lived (for example, 239pu) radionuclides. A further discussion on methods which 
can be used to select a particular Institutional control period 1s provided 1n 
Section 2.5. The second consideration Is the need to Interpret concentration 
limits based on a limiting Intrusion scenario 1n terms of requirements for 
Individual waste packages. For most scenarios, the total volume of material 
disturbed 1s much larger than the volume of a single waste package. There
fore, 1t Is the average concentration over the facility rather than any one 
package which can be assessed using such methods. Practice has shown that 
facility averages are typically 10 per cent of the package limits used to 
control waste acceptability. 

2.4 AVAILABILITY OF MODELS AND DATA 

All assessments of the radiological risks associated with shallow land 
burial of radioactive wastes rely to some extent on the use of mathematical 
models to predict the performance of waste forms and barriers, and the rates 
of radionuclide movement through the environment to man. In the case of 
existing shallow land burial facilities, data obtained from monitoring can 
supplement these predictions and, 1n the case of proposed facilities, the 
results of site and laboratory Investigations can be taken Into account. 
Nevertheless, for the purpose of long-term risk predictions and demonstration 
of acceptability, there 1s no alternative to the use of mathematical models 
[15], The confidence which can be placed In model predictions depends on the 
rigour of the procedures used to verify models (I.e., to ensure that the 
mathematical equations have been solved correctly) and to validate models 
(I.e., to ensure that the model adequately represents processes actually 
occurring 1n the environment). Model verification 1s usually carried out by 
means of benchmarking exercises 1n which the results from several models are 
compared for a series of standard problems. The success of verification thus 
largely depends on the Independent development of models by several organisa
tions, preferably 1n different countries. It can also be carried out by a 
critical examination of computer codes by Independent reviewers [16, 17]. 
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Model validation Is much more difficult to achieve than model verifica
tion because it requires the comparison of predictions with observations. In 
the case of models used for long-term assessments, direct and complete valida
tion is not possible. The best that can be achieved is to show that each 
component of the suite of mathematical models used to predict risks to humans 
is consistent with current understanding of the processe! involved. The 
purpose of this section of the report is to indicate the range of models 
available for use in risk analyses of shallow land burial facilities, and to 
show the extent to which they have been verified and validated. 

2.4.1 Types of Models and Assessments 

For modelling purposes, shallow land burial systems are usually divided 
into three components: the "near-field" (the wastes, the burial facility it
self (including engineered barriers) and the geologic strata around it); the 
"far-field" (the geologic media through which radionuclides will move before 
reaching the human environment); and the biosphere (the parts of the human en
vironment local to the burial facility, as well as those parts of -he regional 
and global environments which may be affected). The types of model' used for 
the near-field, far-field and biosphere depend on both the characteristics of 
the site and the design of the burial facility, and on the overall methodology 
used in the assessment. For the purpose of this discussion, two types of 
methodology will be considered: those designed to produce single "best 
estimates" of the risks associated with disposal, and those designed to take 
account of variability in the parameters used 1n models. 

In "best estimate" assessments, the procedure commonly followed is to 
use relatively complex models of the near-field, far-field and biosphere to 
calculate the doses to humans from a few potential exposure scenarios. In 
some of these assessments, the probability that the scenario will occur is 
taken into account [1,12,18], while In others, the probability 1s conserva
tively assumed to be unity [10-14, 19-21]. The second form of assessment 
utilises Monte-Carlo type techniques. In which parameters for models are 
sampled from their distributions, and then the models are solved many times 
with the different sampled values of input parameters to produce a statistical 
distribution of predicted doses [22]. The models used In this type of assess
ment must be relatively simple, because the computing costs of solving complex 
models many times would be prohibitive. The two types of assessment are 
complementary: one produces single "best estimates" of risks, using parameter 
values which are judged to be the most realistic, while the other takes 
account of variability in parameters and Indicates both the most likely values 
of risks and the statistical confidence limits on predictions. The advantage 
of the "best estimate" assessment Is that It can deal with complex Interac
tions in a system in an explicit way. The advantage of the Monte-Carlo type 
assessment is that it can Implicitly include many combinations of parameters, 
and thus provide more knowledge of the range of potential risks. It 1s the 
former approach which 1s used 1n this report. 

2.4.2 Near-Field Models 

The prediction of the behaviour of waste forms and packages, and hence 
of the rates of migration of radionuclides within a burial facility and Into 
the far-field, is one of the most difficult aspects of the assessment of 
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shallow burial facilities. In assessments conducted previously, the near-
field models used have been simple and have been based on large scale 
assumptions. These assumptions have often been pessimistic, 1n the sense that 
they lead to overestimates of radionuclide migration rates. Validation of 
near-field models through observations at existing burial facilities Is 
extremely difficult because of uncertainties about the radionuclide content of 
wastes disposed of In the past, and their physical and chemical character
istics. Also, the sites and designs of proposed new burial facilities are 
likely to be substantially different from those of existing facilities. Thus, 
improvement of near-field models and their data bases is likely to rely large
ly on laboratory research [21-23], and on field observations of the behaviour 
of the materials used for engineered barriers (for example, concrete) under 
conditions In which no radioactive wastes are present. 

One aspect of near-field modelling which has not received a great deal 
of attention Is the Influence of the rate of degradation of engineered bar
riers on the risks from human Intrusion. While barriers which maintain their 
integrity for long time periods will reduce risks from groundwater pathways. 
It 1s not obvious that this 1s necessarily the case for Intrusion scenarios, 
where doses depend on radionuclide concentrations rather than total activities 
(see Section 2.3). Hore rapid migration from the near-field to the far-field 
Implies a faster decrease In concentration In the burial facility, and hence 
1n the risk to Intruders. Furthermore, in scenarios involving excavation of 
post-operational facilities for building, the excavation method could vary 
according to the status of the engineered barriers. If the barriers are 
Intact, methods such as drilling and even blasting might be used, whereas if 
barriers had deteriorated, use of a mechanical excavator might be feasible. 
Various Intruder scenarios can, and have been, modelled [24]. 

Overall, the situation with regard to near-field modelling is that 1t 
1s possible to place bounds on the values of the various parameters, and hence 
to derive the range of possible risks from each scenario, both generlcally and 
at specific burial facilities. However, there 1s not yet sufficient informa
tion available to enable realistic near-field models to be developed for the 
whole range of disposal facilities which are of Interest. 

2.4.3 Far-Field Models 

There are many models available for predicting the rates and patterns 
of migration of radionuclides through various types of geologic media. Many 
of these models have been developed in the context of deep geologic disposal 
of high-level waste but with appropriate modifications, can be applied to 
assessments of shallow land burial facilities. Most of the models deal with 
migration 1n saturated, porous media, and represent the various processes by 
which radionuclide migration may be retarded relative to groundwater movement 
by a single parameter: the equilibrium distribution coefficient, Kjj, or 
retardation/ sorption constant, K [25-28]. Some of the models are capable of 
representing more complex sorption reactions. However, the application of 
such models 1s limited by lack of adequate data on radionuclide migration at 
specific sites. Similarly, while models exist to predict radionuclide migra
tion In fractured media and 1n unsaturated media, they require detailed site-
specific data which are still being collected. 
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One of the major difficulties encountered 1n validating far-field 
models 1s that tracer experiments are necessarily short-term, and therefore 
can only be used for those radionuclides which migrate fairly rapidly with 
groundwater. In attempts to overcome this difficulty, considerable attention 
1s being devoted to studies of the movement of naturally occurring radio
nuclides (for example, 1n and around uranium ore deposits). While these 
approaches also have their problems, notably the lack of knowledge of 
geological and hydrogeologlcal conditions 1n the past, they do show promise as 
a means of providing confidence 1n predictions. Measurements around existing 
burial facilities can also be helpful, but these tend to be used for model 
calibration (parameter fitting) rather than for true validation. 

To summarise, many far-field models exist but more data are required 
for their validation and application. This 1s In contrast to the near-field 
where development of Improved models awaits the results of further research. 

2.4.4 Biosphere Models 

The models which are used in assessments of shallow land burial facili
ties to predict rates of movement of radionuclides through the biosphere, and 
doses to humans, are largely based on models which have been developed for 
other purposes, such as assessing the consequences of routine discharges from 
nuclear power plants or accidental releases from these facilities [see, for 
example, references 29-34]. Parts of these models have been validated by use 
of data on the behaviour of radionuclides from weapons fallout, or by using 
the results of monitoring exercises. The main uncertainties which arise 1n 
using these modeis for studies of shallow land burial facilities are those as
sociated with the application of general data to spe:1f1c sites, with the use 
of models developed 1n the context of short-term predictions for long-term 
studies, and with the simplifications of environmental transport processes 
which are sometimes made. Of particular concern in this latter case 1s the 
upward movement of radionuclides through soil Into vegetation. In routine ef
fluent discharge and accident consequence studies, the principal concern 1s 
with deposition on plants and soil, and subsequent downward movement of radio
nuclides through soil. In shallow land burial assessments, upward movement 1s 
often of more Interest, and many biosphere models are somewhat deficient 1n 
this respect. This deficiency 1s largely due to the lack of data rather than 
to the absence of appropriate modelling techniques. 

The approaches which have been used 1n calculating doses to Inadvertent 
Intruders Into shallow land burial facilities have tended to be both simple 
and pessimistic. For example, In some assessments, 1t has been assumed that 
workers excavating a site for building purposes are continuously exposed to 
relatively high levels of contaminated dust and to unshielded wastes. 
Similarly, 1n calculating doses to persons living 1n a house constructed on a 
disposal site, it has been assumed that the soil 1n the garden Is uniformly 
contaminated with radionuclides and that vegetables are grown 1n this soil and 
consumed. While these approaches are adequate to provide upper estimates of 
risks, better assumptions and data, and more detailed models, are needed to 
provide realistic estimates. 
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2.4.5 Summary 

Overall, the Expert Group concluded that sufficient models and data ex
ist to make conservative generic and site-specific assessments of the risks 
associated with shallow land burial facilities. The results of such assess
ments provide a sufficient basis to make initial decisions on the acceptance 
of wastes for disposal in shallow land burial facilities. However, improve
ments in predictive models and their data bases are believed to be needed for 
the more realistic assessments required as an input to decisions on the capa
city of existing burial facilities, to reviews of the waste types which may be 
burled at shallow depth, and to decisions on the procedures to be followed in 
establishing new burial facilities and closing those currently in use. 

2.5 ROLE OF INSTITUTIONAL CONTROLS IN LIMITING RISKS 

Institutional controls on shallow land burial facilities can be divided 
into two types: active and passive. Examples of active controls are: 

I) Manning the post-operational burial facility. 

II) Continuing the environmental monitoring programme begun during 
the operational phase. 

III) Maintenance of the burial facility. 

Passive controls could include markers placed around the facility, 
maintaining records of the existence of the facility, and land use restric
tions in the form of titles or deeds. A total ban on access to the facility 
may not be necessary, but access could be controlled by physical means and by 
regulatory control of land use. The objective of these measures 1s to pre
clude activities which would result 1n human contact with wastes, or which 
would compromise the Integrity of the disposal facility. 

There 1s a general consensus that It Is undesirable to use waste dis
posal methods for which 1t is necessary to continue Institutional controls for 
very long periods in order to guarantee that risks are kept to appropriate 
levels, unless there is no other viable option. It 1s also clear that the 
decision on the control period 1s a matter for national authorities, giving 
consideration to the experience and circumstances 1n each country. The 
question of the duration of institutional controls is discussed In some detail 
in an NEA report on the legal, administrative and financial aspects of waste 
management [35]. That report concludes that it would be reasonable to assume 
that institutional controls could contribute to the safety of a disposal 
system for some hundreds of years, and cites 300 years as an example of the 
maximum which could be used. However, it emphasises that these times are only 
given as a general Indication, because selection of a control period Involves 
a combination of social, economic and technical considerations. The desire to 
limit a society's responsibilities and costs in maintaining a post-operational 
disposal facility may argue for a relatively short Institutional control per
iod, for example, a few decades. This argument may be especially pertinent 1f 
a small government body, such as that of a state or province, 1s the principal 
regulatory agency rather than a national governing body. Other considéra 
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tlons, such as the desire to maintain flexibility In the disposal of some 
particular t>pes of waste, argue for a relatively long Institutional control 
period. These considerations would be Influenced by the particular spectrum 
of waste types and radionuclides generated In a particular country. 

It Is possible, however, to provide guidance for decisions concerning 
the length of Institutional controls by means of technical analyses. One ap
proach Is to consider how long Institutional control Is a useful mechanism for 
controlling risks to humans, assuming a specific mixture of wastes generated 
within a region or nation. In this case, assessments are made of the risks 
associated with Intrusion, groundwater migration and other scenarios, over 
several different Institutional control periods. The results of such calcula
tions for a mixture of wastes typically considered suitable for shallow land 
burial generally show that Institutional controls are Hkelv to be effective 
1n reducing risks for up to a few hundred years following facility closure. 
Following this time, further lengthening of the Institutional control period 
does little to reduce risks. 

Another approach 1s to determine the control period required to reduce 
the risks associated with disposal of particular wastes to a specified level. 
If the period 1s very long (for example, a thousand years), then clearly 1t Is 
not acceptable to dispose of the wastes by shallow land burial. If 1t 1s very 
short (for example, a few years), large quantities of the wastes could be 
accepted for burial at any specific facility. Analyses of this type are par
ticularly useful as an Input to decisions on national waste management stra
tegies because they Indicate which disposal options can be disregarded for 
each waste stream. 
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3. DERIVATION OF GENERIC RAOIOLOGICAL REFERENCE LEVELS 

3.1 BASIC PRINCIPLES AND ASSUMPTIONS 

As explained 1n Section 2.2, risk upper-bounds for shallow land burial 
facilities can only be established by national authorities. Thus, 1n any 
International derivation of waste acceptance reference levels. It 1s necessary 
to consider the limits on risk to Individuals, rather than fractions of these 
limits. Furthermore, since optimisation of protection for any waste disposal 
option Is a national matter, the ALARA requirement cannot be taken Into ac
count when deriving quantitative International reference levels. For these 
reasons, 1n the following calculations and discussion, the radiological pro
tection objectives used are that risks to Individuals should not exceed 5.10-5 
per year In situations where exposures occur 1n a short period, and 1.10-5 per 
year for situations In which exposure could persist for a decade or more In 
the lifetime of an Individual [1]. In addition, the derived reference levels 
are based on the assumption that the activity of the waste 1s evenly distri
buted over the entire waste volume. The levels therefore represent average 
levels over the whole facility. 

If the reference levels are to be widely applicable, 1t 1s clear that 
they cannot be based on scenarios for which the risks will depend strongly on 
either the design of the burial facility or the characteristics of the site. 
Effectively, this Implies that attention needs to be focused on Intrusion 
scenarios, and hence that the reference levels obtained will be In the form of 
limits on the concentrations of radionuclides 1n wastes (see Section 2.3). 

To establish a range of reference levels 1n terms of concentration 
limits, three cases were considered: 

I) A minimum-engineered burial facility (I.e., simple trenches) 1n a 
temperate area. 

II) A fully engineered burial facility, at a greater depth than (1), 
1n a temperate area. 

III) A minimum-engineered burial facility 1n an arid area. 

These three cases were considered to be broadly representative of the 
types of sites and facilities likely to be of Interest to NEA Member 
countries. Any particular or unusual features of an actual site, such as a 
monsoonal climate, would need to be addressed by national authorities. Thus, 
the generic reference levels developed are for general application, but they 
should not be applied directly to sites or facilities whose characteristics 
clearly differ from those 1n this report. S1te-spec1f1c studies will be 
needed to support the siting, design, construction and use of any proposed 
facility. The three case facilities and the exposure scenarios assumed for 
each are described below, and are to be considered as examples for the demon
stration of calculations only. 
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3.2 DESCRIPTION OF BURIAL FACILITIES 

3.2.1 Minimum-Engineered Facility. Temperate Area 

This facility and the features of the generic site at which It Is 
assumed to be located are Illustrated 1n Figure 1. The burial trenches are 
assumed to be 8 m deep and to be placed above the water table 1n reasonably 
permeable, weathered material which 1s underlain by less permeable rock. Any 
Infiltrating water will tend to move down through the wastes and the underly
ing unsaturated zone. An Impermeable boundary separates the weathered mater
ial from the rock beneath 1t, so that once water reaches the water table, It 
tends to move downgradlent towards a stream which Is assumed to be located 
close to the site. The characteristics of this facility and site were chosen 
to be representative of those which might be used for disposal of low-level 
wastes In some European countries [12]. 

3.2.2 Fully Engineered Facility. Temperate Area 

This facility consists of engineered trenches for the disposal o* more 
active waste, and of tumuli for disposal of lower-activity waste (see 
Figure 2). The trenches are lined with concrete which has been reinforced 
with steel. Waste packages are placed within the trenches 1n layers and then 
covered with concrete to produce a monolith, which 1s then capped with rein
forced concrete and asphalt. The tumuli are constructed on top of the mono
liths and contain waste 1n steel drums and 1n concrete blocks, the latter 
being placed on the outside to form the structural framework. The spaces 
between the blocks and drums are backfilled, and the whole tumulus 1s covered 
with a layer of Impermeable clay, which 1n turn 1s covered with soil. The 
tumuli are revegetated with grass and local plant species to Increase their 
resistance to erosion. A catchment system 1s provided to collect run-off 
water during the construction period, and any water Infiltrating the trenches 
or tumuli. This facility 1s typical of those used In France. 

3.2.3 Minimum-Engineered Facility. Arid Area 

The characteristics of this site and facility are Illustrated 1n 
Figure 3 [36]. The trenches are assumed to be 7.5 m deep and to be covered 
with a mounded layer of clean soil, to a depth of about 2 m. They are located 
well above the water table, and the rainfall at the site 1s assumed to be only 
160 mm per year. The soil at the site consists of beds of gravel and boul
ders, In a sandy matrix. T»v? trenches are unllned, are backfilled with soil, 
and contain waste packages w»i1ch are assumed to degrade rapidly so that, at 
the time of Intrusion, the waste 1s Indistinguishable from the surrounding 
soil. The site for this facility would be typical of the dry plains areas 
found 1n North America [36]. 
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3.3 EXPOSURE SCENARIOS 

For the reasons explained in Sections 2.3 and 3.1, the Expert Group 
considered only intrusion scenarios in deriving generic waste acceptance 
reference levels. It is possible to envisage many scenarios of this type, 
both for any specific burial facility and on a generic basis. The approach 
taken by the Expert Group was to examine only inadvertent intrusion, on the 
accepted assumption that little can be done, from a regulatory standpoint, to 
protect people who intrude into a burial facility with the knowledge that it 
contains radioactive wastes. The scenarios chosen are intended to be repre
sentative, in terms of their consequences, of those which could feasibly occur. 

3.3.1 House Construction Scenario 

In this scenario, an intruder is exposed to waste while excavating a 
foundation during the construction of a house. The foundation excavation is 
assumed to be 3 m deep. This corresponds to the depth required for a house 
with a basement or cellar, and defines the depth of the Normal Residential 
Intrusion Zone (NRIZ). The total volume of excavated material is assumed to 
be about 900 m3, and wastes encountered during the excavation are assumed to be 
uniformly mixed with the soil which had been used to cap the trenches. The 
scenario is similar to one defined by the Nuclear Regulatory Commission (NRC) 
of the United States [10. 11]. 

The major exposure pathways in this scenario are inhalation of resus-
pended radionuclides and external irradiation from the wastes. The exposure 
period is assumed to be 500 hours, based on average excavation rates. Inhala
tion doses are calculated using an average dust concentration of 10-* o m~3t 

and it is assumed that 50 per cent of the dust consists of particles of res-
pirable size (AMAD 1 um). External irradiation doses are calculated assuming 
that there is no reduction due to shielding by excavation equipment, by uncon-
taminated soil or materials used in construction of the burial facility, or by 
any parts of the house which is being constructed. 

The scenario is only realistic for long periods of time after the 
closure of the burial facility because of the assumption that wastes are un
recognisable and are homogeneously mixed with soil. For short periods of time 
after closure, it is possible that excavations would be abandoned when wastes 
were detected, or that excavation would proceed, out with waste packages being 
removed either wholly or partially intact. 

The combination of exposure times, dust concentrations and shielding 
factors are considered to be reasonably realistic. Exposure times could 
clearly be longer If excavations were more extensive (for example, if several 
houses were to be constructed), but more than one worker would probably be in
volved and workers would spend part of their time in locations where shielding 
would reduce their external dose. The dust concentration of 10-* g m~3 is as
sumed to be a realistic average for a wide range of climatic conditions, al
though 1t 1s possible that higher concentrations could occur during particular 
parts of the excavation procedure or when the weather was dry and windy. 

The equation and other parameters used in calculating doses for this 
scenario are provided 1n Tables 2 and 3. The house construction scenario is 
only considered for the two minimum-engineered facilities because it 1s not 
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very conceivable that an Individual building his own house would level the 
tumuli forming part of the fully engineered facility and then proceed to exca
vate the concrete monoliths. 

3.3.2 Residential Scenario 

The residential scenario is an extension of the house construction 
scenario and is only considered for the minimum-engineered facilities. In 
this scenario, an individual is assumed to inhabit a house built on a shallow 
land burial site and to consume garden produce grown in contaminated soil. 
The diluted waste material that arises from excavating the foundation for the 
house is assumed to be used as fill around the foundation, and to be uniformly 
distributed on the surface of the site within a 25 m radius of the house. 

The exposure pathways for this scenario are: 

i) Inhalation of resuspended soil/waste mixture. 

ii) Inhalation of gaseous radionuclides (for example, radon); 

iii) External irradiaticn. 

iv) Ingestion of contaminated foodstuffs. 

For inhalation of resuspended material, the dust concentration in air 
is assumed to be 10~5 g m - 3, 50 per cent of the dust is assumed to consist of 
particles of respirable size, and the exposure time is assumed to be 0.75 y 
per year. This combination of parameter assumptions makes allowance for lower 
dust concentrations inside the house, and higher ones outside during dry 
weather. For external irradiation, the exposure time Is assumed to be 0.5 y 
per year. This is comprised of 0.25 y spent outdoors, and 0.5 y spent indoors 
where the shielding factor is assumed to be 2. The rate of consumption of 
vegetables grown in the garden of the house is assumed to be 128 kg y-1 (i.e., 
50 per cent of the individual's total Intake [34]). The soil/plant concentra
tion factors used in the calculations are provided 1n Table 4. These concen
tration factors may differ from one site to another because of differences In 
climate and soil type. The equation used to calculate the reference levels 
based on exposure pathways other than Inhalation of gaseous radionuclides are 
provided in Table 5. Inhalation of gaseous radionuclides was only considered 
when calculating the reference level for 2 2 6 R 8 . The approach adopted is 
described in Annex IV. 

Since the residential scenario contains the assumption that wastes are 
homogeneously mixed with soils, and also that uptake of radionuclides by 
plants from this soil/waste mixture 1s the same as for soil alone, the scen
ario is only realistic for long periods of time after closure of the burial 
facility. If a house were constructed and Inhabited during shorter periods of 
time, it is likely that much of the waste would be removed from the garden and 
replaced by uncontamlnated top soil. It should also be noted that the scen
ario is Inherently pessimistic because very few people are likely to obtain 
such a high proportion of their total Intake of vegetables from their own 
gardens. This may suggest a need to use a probability lower than unity when 
site-specific studies are undertaken. 
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Table 2 

EQUATION AND PARAMETER VALUES USED IN CALCULATING REFERENCE LEVELS 
FOR CONCENTRATIONS OF RADIONUCLIDES, BASED ON THE CONSTRUCTION SCENARIO 

Reference Level -
u 

[1-e-Mt2-tT)].e-Xt».Cw [Q.S VCaOF1nn • DF e x t] 

where D = annual dose limit, 5.10-3 Sv 
X = decay constant of radionuclide (h-1) 
ti = time after disposal at which construction starts (h) 
t2 = time after disposal at which construction ends, t2-ti = 500 h 

for house construction, t2-t] = 50 h for road construction 
Cw = factor to convert unit concentration 1n waste to concentration 

averaged over total volume of excavated material 
V = breathing rate of Individual, 1.2 m3 h-1 

0F1nh ~ dose Per un1t 1ntake v*a Inhalation (Sv Bq-1, see Table 3 for 
values) 

Ca = airborne dust concentration, 10-4 g m-3 
0fext = dose factor for external Irradiation (Sv h-1 per Bq g-l, see 

Table 3 for values) 

OTHER PARAMETERS 

1. Minimum-Engineered Facility. Temperate Area: 

Total volume of material excavated = 906 m3 
Depth of soil cap = 1 m 
Ratio (by volume) of soil to waste, 
excluding cap = 1:4 Cw = 0.29 
Bulk density of burled waste = 6.105 g m-3 
Bulk density of soil = 1.7 106 g m-3 
2. Minimum-Engineered Facility. Arid Area: 

Total volume of material excavated - 906 m3 
Waste loading In trench = 0.8 
Density of soil/waste mixture = 1.7 106 g m-3 Cw = 0.26 

Depth of trench cap - 2m 

3. Fully Engineered Facility. Temperate Area: 

Thickness of soil and clay tumuli caps = 3 m 
Height of tumulus = 4 m (excluding cap) 
Depth of mono11th * 4 m 
Waste density - > 1 g cm-3 
Soil density = 1.7 g cm-3 
Concrete density * 2.3 g cm-3 
Ratio (by volume) of waste to trench - 0.5 
For excavation of tumuli, Cw = 0.12 
For excavation of monoliths, Cw » 0.21 
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Table 3 

DOSIMETRIC DATA 

Radionuclide Half-life OFinn OFext DFing 
(y) (Sv Bq-1) (Sv j H (Sv Bq-1) 

/Bq g"1) 

14C 

90sr 

94Nb 

99Tc 

1291 

137Cs 

210Pb 

226Ra 

238u 

237Np 

239pu 

240pu 

241 pu 

241 Am 

5.7 

2.0 

2.1 

1.6 

1.6 

4.5 

2.1 

2.4 

6.5 

4.3 

103 

29 

104 

105 

107 

30 

22 

103 

109 

106 

104 

103 

14 

102 

5.6 

3.4 

9.0 

2.0 

4.7 

8.7 

3.5 

2.1 

3.2 

1.3 

1.4 

1.4 

2.8 

1.4 

îo-io 

10-7 

10-8 

10-9 

10-8 

10-9 

10-6 

10-6 

10-5 

10-4 

10-4 

10-4 

10-6 

10-4 

1.1 

1.1 

1.7 

4.0 

3.2 

1.2 

9.1 

2.3 

5.4 

1.2 

1.7 

2.2 

0 

10-13 

10-7 

0 

10-9 

10-8 

îo-io 

10-7 

10-11 

10-9 

lo-n 

îo-io 

10-13 

10-9 

5.6 

3.9 

1.4 

3.4 

7.4 

1.4 

1.4 

3.1 

6.3 

1.1 

6.0 

6.0 

1.2 

6.0 

îo-io 

10-8 

10-9 

10-10 

10-8 

10-8 

10-6 

10-7 

10-8 

10-6 

10-7 

10-7 

10-8 

10-7 

Notes 

1. Values given are committed effective dose equivalents. 

2. OFlnh and DFing are based on ICRP 30 data [53], except for Pu Isotopes 
and Z37np where gut transfer factors have been taken from NRPB-GS3 [51]. 

It 1s recognised that values for 237^p are under active international 
review. The numbers chosen are generally consistent with recent ICRP 
findings and minor variations would not have any significant effect on the 
conclusions reached. 

3. DFext « 2.88 10~
7 EM] Mj, where E 1s the average energy per disintegra

tion (MeV), Mi 1s a modifying factor to convert dose in air to effective 
dose equivalent (0.7) and M; 1s a modifying factor to account for attenu
ation at 1 m above ground surface (0.333). 
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Table 4 

SOIL/PLANT CONCENTRATION FACTORS 

(Bq kg-1 wet plant per Bq kg-1 dry soil) 

Element Concentration Factor, Concentration Factor, 
Temperate Area(a) Arid Area(b) 

C 
Sr 
Nb 
Tc 
I 
CS 
Pb(c) 
Ra 
U 
Np 
Pu 
Am 

4.10-2 
2.10-1 
1.10-2 
1.10 
2.10-2 
2.10-2 
7.10-2 
3.10-4 
3.10-3 
3.10-3 
1.10-3 
3.10-3 

1.10-3 
3.10-1 
1.10-2 
2.10-1 
2.10-2(d) 
3.10-2 
1.10-2 
1.10-2 
2.10-3 
2.10-2 
5.10-4 
1.10-3 

Notes 

(a) All values are for root vegetables, which tend to have the highest 
concentration factors. Values have been taken from reference [52], with 
some modifications to take account of more recent exper4menta1 evidence. 

(b) Taken from IAEA Safety Series No.57[34], with some modifications for an 
arid site. 

(c) The concentration factors for Pb are pessimistic. Determination of 
realistic values 1s complex because plants absorb Pb from the air, as well 
as from the soil. 

(d) Some references suggest this factor 1s high by up to a factor of 100, but 
It has been retained since 1t 1s conservative. 
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Table 5 

EQUATION AND PARAMETER VALUES USED IN CALCULATING REFERENCE LEVELS 
FOR CONCENTRATIONS OF RADIONUCLIDES, BASED ON THE RESIDENTIAL SCENARIO 

Reference Level 
(Bq g"1) [ l - e ~ X ( W ] . e ~ X t l . C w [0.75x0.5 VCaOFinh + 0.5 DFext • Q.B.DF1n«] 

X 

where D = annual dose object.ve, 10-3 Sv 
i 

S t2-t! = 8 760 h (y-1) 

V = 0.97 m 3 h"1 

Ca = 10-5 gm-3 

0 = quantity of vegetables Ingested by Individual, 14.6 g h-1 (128 kg y-1) 

B = concentration factor for uptake of radionuclide from soil Into plants (Bq kg-1 
wet plant per Bq kg-1 dry soil, see Table 4 for values) 

0p1ng = dose P e r u n ^ Intake via Ingestion (Sv Bq-1, see Table 3 for values) 

Other parameters are as for house construction scenario (Table 2). 



3.3.3 Road Construction Scenario 

In this scenario, a road is assumed to be constructed over the post-
operational burial facility. The scenario is, in principle, applicable to all 
three case facilities. However, calculations have only been carried out for 
the fully engineered facility because the consequences of constructing a road 
over the minimum-engineered facilities are believed to be similar to those as
sociated with house construction. It must be noted that, even though this 
scenario is assumed to occur, the probability of a road intersecting such a 
burial facility will be small. Therefore, this scenario is considered to be 
conservative. 

The depth of excavation will depend on the type of road (low or high 
traffic) and on the surrounding topography. Two sets of calculations have 
been carried out: one in which only the tumuli are excavated, and one in 
which the concrete monoliths are also disturbed. The time taken to build the 
section of the road traversing the burial facility is assumed to be 50 hours. 
The exposure pathways considered are external irradiation and inhalation of 
resuspended particles. Since road construction is likely to be a more dusty 
operation than house construction, the airborne dust concentration is assumed 
to be 10~3 g nr3 of which 50 per cent consists of particles of respirable 
size. External irradiation doses are calculated assuming that there is no 
shielding by the materials used for road construction. For both pathways, 
waste is assumed to be mixed with soil (see Table 2 for parameters). 

In the case where excavation of the monoliths is assumed, the scenario 
is only realistic following long periods of time, when the reinforced concrete 
has degraded. At shorter periods of time, a road might be re-routed or exca
vations restricted to shallower depths. 

3.3.4 Agricultural Scenario 

This fourth scenario was considered only for the minimum engineered 
burial facility in an arid area. In this scenario, the post-operational site 
is assumed to be used for irrigated agriculture. Unlike the other three scen
arios, there is no excavation of the wastes. However, crop roots are assumed 
to penetrate the trench caps. For the cap thickness of 2 m, the root penetra
tion factor 1s taken to be 0.125. An individual is assumed to obtain his 
entire fruit and vegetable diet (310 kg y - 1) from the site [34]. 

3.4 PROBABILITIES OF OCCURRENCE OF SCENARIOS 

In order to use the limits on individual risk to derive limits on 
radionuclide concentrations 1n wastes, it is necessary to estimate the proba
bility that exposures will be received. This probability can have several 
components. For example, in the residential scenario described above,it is 
comprised of the probability that someone will construct a house on the site 
and the probability that the occupants will then grow vegetables for their own 
consumption. These probabilities will depend, inter alia, on site character
istics and location, the burial depth and future patterns of land use. While 
it is possible to make estimates of probabilities for a given type of facility 

- 40 -



in a particular country (see, for example, reference [1]), it is very diffi
cult to do so on a completely generic basis. The approach adopted in this 
report is, therefore, to assume that each scenario is certain to occur at some 
time in the future but, for the shorter-lived radionuclides, to investigate 
how the doses received will vary with time of occurrence of the scenario. 
This latter information is useful as an indication of how radionuclide refer
ence levels, expressed as concentration limits, depend on the institutional 
control period for the post-operational burial facility. The potential 
conservatism involved in assuming that intrusion scenarios are certain to 
occur is discussed in the context of the results of the calculations. 

3.5 REFERENCE LEVELS FOR CONCENTRATIONS OF LONG-LIVED, 
ALPHA-EMITTING RADIONUCLIDES 

3.5.1 Uranium. Plutonium. Americium and Neptunium 

The calculated reference levels for concentrations of 238u, 237flpt 239pu> 

240pu and 24lAm (including that from the decay of 241pu) are provided in 
Table 6, together with those for 241pu# which is included because it has long-
lived, alpha-emitting daughter products. Host of the results of the calcula
tions are within the range 10-104 Bq g_1. The lowest level is 2 Bq g-1 (237njp, 
agricultural and residential scenarios, minimum-engineered facility in an arid 
area), with the highest being 4.105 Bq g_1 (241pu, road construction scenario, 
fully engineered facility in a temperate area). In most transuranic: waste, 
the relative amount of 2 3 7 N P to other nuclides, such as ?4iAm and <^^Pu. Ts 
small and therefore it will not be the limiting radionuclide. However, users 
of this report should note that this assumption should be verified for each 
site-specific assessment. The Expert Group agreed that this assumption was 
generally valid and that it was appropriate to exclude ^ N p in establishing 
these generic reference levels. When one excludes "'Np, the lowest reference 
level becomes 30 Bq g"' (*4,Am, residential scenario, minimum-engineered fa
cility in a temperate area). 

The dominant exposure pathways for each radionuclide, scenario and 
burial facility are provided in Table 7. From Table 7, it can be observed 
that inhalation is the limiting pathway for construction scenarios, while the 
ingestion pathway 1s dominant for the residential scenario. It should be 
noted that the results provided in Table 6 are for an Institutional control 
period of 300 years, and that calculations for shorter control periods do not 
produce reference levels which are significantly different for any of the 
radionuclides considered. 

In using the results of these calculations to arrive at generic refer
ence levels, it 1s necessary to consider the assumptions and parameters which 
are Inherent in the scenarios examined, and their associated uncertainties. 
The residential scenario, which produces the most restrictive reference levels 
is only realistic at long periods of time following closure of the burial 
facility. This scenario 1s not applicable to wastes buried at depths below 
the normal residential intrusion zone because excavations for house founda
tions aie unlikely to exceed this oepth. and deeper excavations for other 
purposes would not be associated with use of land for vegetable production. 
Thus, reference levels based on the residential scenario can apply only to 
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Table 6 

CALCULATED REFERENCE LEVELS FOR CONCENTRATIONS OF LONG-LIVED ALPHA EMITTING RADIONUCLIDES 
(Bq g-1) 

i 

Facility 

Scenario 

23%, 
237Np 
239©u 
240Pu 
241|>u(e) 
241»» 

Notes 

Minimum Engi 
Temperate 

House Con
struct ion(a) 

2.104 

4.103 
5.103 
5.103 
2.105 
6.103 

Res 

neered, 
Area 

lidential(b) 

2.102 

10 
50 
50 
8.102 
30 

Fully Engii 
Temperate 

neered, 
Area 

Road Construction^) 
(5 m)(c) 

4.104 

104 
104 
104 
4.105 
2.104 

(10m)(d) 

2.104 

6.103 
6.103 
6.103 
3.105 
9.103 

House Con-
struction(a) 

3.104 

5.103 
5.103 
5.103 
3.105 
6.103 

Minimum Engineered, 
Arid Area 

Residential(b) Ag 

3.102 

2 
102 
102 
3.103 
70 

riculture(b! 

4.102 

2 
2.102 
2.102 
3.103 
90 

(a) Based on a risk objective of 5.10-5 per year (interpreted as a dose limit of 5 mSv y-1 since scenario 
probability is taken to be unity). 

(b) Based on a risk objective of 1.10-5 per year (interpreted as a dose limit of 1 mSv y-1 since scenario 
probability is taken to be unity). 

(c) Tumuli excavated. 

(d) Tumuli and monoliths excavated. 

(e) Included because it has long-lived daughter products (24lAm, 237Np). 



Table 7 

OOMINANT EXPOSURE PATHWAYS FOR LONG-LIVED, ALPHA EMITTING RAOIONUCLIOES 

Facility Minimum-Engineered, 
Temperate Area 

Fully Engineered, 
Temperate Area 

Minimum-Engineered, 
Arid Area 

Scenario House Residential 
Construction 

Road 
Construction 

House Residential Agriculture 
Construction 

1 

1 

238u 

237Np 

2 39 Pu 

240pu 

241 Pu 

241 Am 

Notes 

Inh 

Inn 

Inh 

Inh 

Inh 

Inh 

Ing 

Ing 

Ing 

Ing 

Ing 

Ing 

Inh 

Inh 

Inh 

Inh 

Inh 

Inh 

Inh 

Inh 

Inh 

Inh 

Inh 

Inh 

Ing 

Ing 

Ing 

Ing 

Ing 

Ing 

Ing 

Ing 

Ing 

Ing 

Ing 

Ing 

Inh =•• Inhalation (of dust) 

Ing = Ingestion (of food). 



long-lived radionuclides buried at relatively shallow depths. From the 
calculations described in this report, the Expert Group concludes that the ap
propriate reference level for concentrations of long-lived isotopes of uran
ium, plutonium, americium and associated neptunium in wastes within the NRIZ 
will be within the range 10-103 Bq g-1, with levels approaching the upper end 
of this range being preferable because of the pessimistic assumptions used in 
calculating doses via ingestion of garden produce. 

For wastes buried at depths below the NRIZ and above 20 m, the Expert 
Group suggests that a reference level with'n the range 103-10* Bq g-1 should be 
used for concentrations of long-lived 1->. topes of uranium, plutonium, americ
ium and associated neptunium. This range is based on calculations for the two 
construction scenarios where the dominant exposure pathway is inhalation. The 
Expert Group considers that these scenarios are representative, in terms of 
risks, of a wide range of situations involving intrusion into burial facili
ties at depths greater than approximately 3 m, recognising differences in 
excavation periods, excavation methods and dust concentrations. 

The reference levels provided above could also be used for other long-
lived, alpha-emitting radionuclides (for example, isotopes of curium and 
thorium), although the relatively low abundance of such radionuclides in many 
types of waste will mean that their concentrations are rarely a major factor 
in determining acceptable disposal methods. These reference levels do not, 
however, apply to 226Ra, which is discussed separately in Section 3.5.2. 

3.5.2 Radium 22b 

Radium was accorded separate consideration because there are wastes 
which contain only this radionuclide and Its daughter products, because doses 
arising from radon emanation cannot be calculated using the same models and 
parameters as other radionuclides, and because it is a naturally occurring 
radionuclide whose control philosophy still remains the subject of interna
tional debate. The approach adopted for 226fta in this report was to 
calculate reference levels based on various intrusion scenarios. These cal
culations are provided as examples only, and the results have not been used to 
forward conclusions on suggested reference levels. 

The results of the calculations of reference levels for the various 
facilities and scenarios are provided 1n Table 8, with the details being pro
vided in Annex IV. The lowest level 1s 2.10-1 Bq g-1, and is based on the re
sidential scenario for a minimum-engineered facility in an arid area. Here, 
the dominant exposure pathway is inhalation of radon gas. The highest calcu
lated reference level is 5.102 Bq g-1, based on the house construction scen
ario for a minimum-engineered facility in an arid area. This value approaches 
the upper end of the range provided above for long-lived, alpha-emitting 
radionuclides buried at depths below the NRIZ. 

It 1s noted that the reference level due to Ingestion 1s only slightly 
higher than that for radon gas Inhalation, and is due primarily to 21 Opt. 
Caution is suggested, however, as some uncertainty exists en the soil/plant 
concentration factor, which may be overly pessimistic by up to one order of 
magnitude. It seems clear, however, that radon gas 1s the most limiting 
nuclide, this being in accord with a number of field studies conducted for 
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Table 8 

CALCULATED REFERENCE LEVELS FOR CONCENTRATIONS OF 226Rd 
(Bq g-1) 

Facility Minimum-Engineered, Temperate Area Fully Engineered, 
Temperate Area 

Minimum-Engineered, Arid Area 

Scenario House Con- Residential(a)Residential(a) Road Con
struction^ struction(a) 

House Con- Residential(j)Agriculture(a)Residential(b) 
struction(*) 

en 
i 

Exposure External External Inhalation of External 
pathways irradiation, irradiation, radon and irradiation, 
considered Dust Dust daughters Oust 

inhalation inhalation inhalation 

Ingestion of 
garden 
produce 

External External Ingestion of Inhalation of 
irradiation, irradiation, crops radon and 
Dust Dust daughters 
inhalation inhalation 

Ingestion of 
garden 
produce 

Reference 
Level 

4.102 4.10-2 3.10-1 102 5.102 20 2.10 ' 

Dominant External Ingestion 
pathway irradiation, 210j>b 

226Ra 

External 
irradiation 
226Ra 

External 
irradiation 
226Ra 

Ingestion 

Notes 

(a) Calculations tre for an institutional control period of 300 y. 
(b) See Annex IV for details of calculations. 



remedial action programmes designed to assess doses from areas where natural 
radionuclides such as uranium, thorium and radium are at elevated levels. 

3.6 REFERENCE LEVELS FOR CONCENTRATIONS OF LONG-LIVED FISSION AND 
ACTIVATION PRODUCTS 

The radionuclides considered in this section are 14C, 94jib, " T c and 
129i. These were chosen on the basis of their apparent importance in deter
mining the radiological Impact of shallow land burial of some types of low-
and intermediate-level waste. Reference levels for concentrations of these 
radionuclides were calculated using the same scenarios and site/facility 
assumptions as for the alpha-emitting radionuclides. The results are provided 
in Table 9. 

One immediately obvious feature of the results is the very wide range 
of reference levels, from 9 Bq q~' to 3.10? Bq q~'. With such a large range, 
it is clearly not appropriate to establish one reference level for all long-
lived fission and activation products. From previous studies (see, for exam
ple, references [12-14, 18]), it is also evident that, for the more mobile of 
these radionuclides, exposure scenarios involving migration with groundwater 
may lead to more restrictive reference levels than would intrusion scenarios. 
For these reasons, the Expert Group has not recommended generic reference 
levels for concentrations of !*C, »9jc or T29jf 0r for other radionuclides 
which are long-lived and relatively mobile. 

Niobium differs from the other three radionuclides considered in this 
section because it is not mobile and because external irradiation 1s the 
dominant exposure pathway for this nuclide for all the scenarios involving 
excavation of wastes. The range of reference levels for 9*Nb for these scen
arios 1s from 9 Bq g-1 to 3.10* Bq g"1, which is much narrower than the range 
for the other radionuclides. On the basis of these results, the Expert Group 
suggests that an appropriate reference level for the concentration of 94«D and 
other similar radionuclides (I.e., long-lived. Immobile, and with external 
irradiation as the dominant pathway) would be within the range 10-10? Bq g-1. 

3.7 REFERENCE LEVELS FOR CONCENTRATIONS OF SHORTER-LIVED RADIONUCLIDES 

For shorter-lived radionuclides, reference levels will vary with, 
amongst other factors, the period for which Institutional controls are placed 
on a post-operative burial facility. This 1s Illustrated in Table 10 for 
137cs and 90$r, where it can be observed that the calculated reference levels 
for a scenario occurring at 50 y after closure typically differ from those for 
a scenario occurring at 300 y by a factor of more than 100. Since institu
tional control periods cannot be recommended on a generic basis, and because 
engineered barriers play a major role 1n limiting risks from shorter-lived 
nuclides, no general reference levels can be specified for these radionuclides. 
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Tabla 9 

CALCULATED REFERENCE LEVELS FOR CONCENTRATIONS OF LONG-LIVED FISSION ANO ACTIVATION PRODUCTS* 
<Bq g-1) 

Facility Hinimum-Engtnttrtd, 
Tamparata Araa 

Fully Enginaarad, 
Tamparata Araa 

Hinimum-Enginaarad, 
Arid Araa 

Scanario Housa Con- Rasidantial(b) Road Construction!*) 
struction(a) (Sa)lc) (10m)(d) 

Housa Con- Rasidantial(b) Agricultura(b) 
struction(a) 

i«c 

«Sb 

»Tc 

1» ! 

1.109 

4.102 

4.10» 

3.10* 

2.103 

9 

10 

2.10 

3.109 

3.103 

7.10* 

2.105 

2.109 

2.103 

4.10« 

1.10* 

2.109 

5.10* 

4.108 

2-10* 

7.104 

10 

6.103 

3.10 

9.104 

4.10* 

8.102 

3.10 

* Thast lavais art tht nm for all 3 ttmts of occurrtnr? of tha scanarios (SO y, ICC y and 300 y). 

(a) Basad on a risk objtctivt of 5.10-5 ptr yaar (intarpratad as a dost limit of 5 mSv y-1 sinca scanario 
probability is takan to ba unity). 

(b) Basad on a risk objectiva of 1.10-5 par yaar (inttrprattd as a dost limit of 1 mSv y-1 sinca scanario 
probability is takan to ba unity). 

(c) Tumili txcavatad. 

(d) Tumuli and monoliths txcavatad. 



Table 10 

CALCUUTEO REFERENCE LEVELS FOR CONCENTRATIONS OF 137Cs AND 90Sr 
(Bq 9-1) 

Facility Minimum-Engineered, 
Temperate Area 

Fully Engineered, 
Temperate Area 

Minimum-Engineered, 
Arid Area 

Scenario House Residential Road Road House Residential Agriculture 
Construction Construction Construction Construction 

(5 m) ( 10 m) 

00 
Scenario Occurring at 50 y after Site Closure: 

90sr 7.10* 10 107 

13ÏCS 3.103 6.10 2.10* 

8.106 

10* 

7.106 

4.103 

10 

7.10 

2.10 

4.102 

Scenario Occurring at 100 y after Site Closure: 

*°Sr 2.107 S.10 4.107 

137cs 104 102 8.10* 

3.10' 

4.10* 

2.107 

2.10« 

6.10 

2.102 

5.10 

103 

Scenario Occurring at 300 y after Site Closure: 

90Sr 3.109 5.103 6.109 

137cs 10* 2.104 8.106 

3.109 

4.10* 

3.109 

2.106 

5.103 

2.104 

6.103 

105 



3.6 UNCERTAINTIES 

The Expert Group considered extensively the choice of each parameter 
value used in the Modelling exercise. It atteapted to provide assurance that 
excessive conservatism was not applied and yet that sufficient pessimism was 
retained to allow readers of this report to have confidence that the derived 
levels could be used as a point of reference, even when detailed site modell
ing had not been undertaken. It should be clear, however, that the values 
chosen cannot be considered as being unique, and when taken collectively in 
the form of a derived reference level, an uncertainty of approximately one 
order of magnitude, generally in the conservative sense, could be readily 
justified. The assumption of unit probabilities is also conservative, and 
could result in considerable uncertainty in cases where a shallow land burial 
facility is remote and where, therefore, the use of lower probabilities may be 
justifiable. The Expert 6roup therefore cautions against overly precise uses 
of the stated reference levels. This is reflected in only one significant 
figure being used for all results. This point is further emphasised by pre
senting recommendations in terms of broad ranges rather than single values, 
and by using simple powers of ten. 

For site-specific analyses, however, much more precise estimates are 
possible since local or measured parameter values which would exhibit much 
less uncertainty can be used. This implies that site-specific estimates can 
be more realistic, and that the uncertainties can be better quantified. 
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4. BASIS FOR THE DERIVAT10» OF SITE-SPECIFIC RADIOLOGICAL CRITERIA 

4.1 INDIVIDUAL-RELATED CONSIDERATIONS 

The Individual risk limits, from which generic reference levels may be 
derived for scenarios that are relatively sHe-Independent, are intended to 
apply to the sum of the risks associated with all situations In which the same 
Individual might be exposed. The Integrated risk would exclude those risks 
due to medical Irradiations and natural background radiation In the same way 
that the ICRP system of dose limitation Is presently applied. 

In view of this consideration. It may be appropriate to reduce the 
generic reference levels when applied to a specific disposal facility and site 
such that the risk limit Is not exceeded as a result of simultaneous exposure 
from several sources of radiation. Clearly, the need to establish a risk 
upper-bound that 1s a fraction of the Individual risk limit should be deter
mined on a case-by-case basis, taking Into account other current or possible 
future sources of exposure. The establishment of Individual risk upper-bounds 
and, as a consequence, lower reference levels, must be recognised nonetheless 
as being separate from the need to reduce risks to as low as reasonably 
achievable, by applying the principle of optimisation of radiation protection 
to specific disposal practices. The latter 1s discussed In Section 4.2. 

The reference levels derived from either a general risk limit or a risk 
upper-bound apply to the average concentration of a particular radionuclide 1n 
wastes placed In a generic-type shallow land burial facility. For wastes con
taining a mixture of radionuclides, the limiting concentration of each radio
nuclide should satisfy the following summation rule: 

N C\ 
£ _ < 1 
1-1 Li 

where, N 1s the number of radionuclides in the waste. 
Ci 1s the limiting concentration of nuclide 1 In the waste, 

and L1 Is the generic concentration limit for nuclide 1. 

In applying this rule, care must be taken not to Implicitly sum risks 
which could not possibly be Incurred by the same Individual. 

In a slte-spedflc situation, these limiting concentrations will be 
subject to change, taking Into account the fact that safety assessments will 
necessarily be more realistic. Thus, there will be a need to use realistic 
exposure scenarios and probabilities that more appropriately reflect the loca
tion, climate and accessibility of the site, and the type of land use and the 
eroslonal environment likely to prevail 1n the area. Similarly, the specific 
nature of the waste forms and packages and the engineered design of the over
all facility will have an Influence on the derivation of site-specific 
concentration limits. 
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Furthermore, for heterogeneous wastes where the radionuclides may be 
non-un1formly distributed In the waste forms and waste packages prepared for 
disposal, there may be a need to consider additional concentration limits for 
individual waste packages or segments. Such limits can only be established on 
a site-specific basis, giving consideration to the radionuclide distribution. 
the mode of emplacement and the likely exposure scenarios. 

In addition to concentration limits, criteria 1n terms of total-
activity limits should be derived when a specific shallow land burial site and 
facility design are Identified. For this purpose, a site-specific analysis of 
the pathways by which Individuals could be exposed to radionuclides released 
from the facility must be conducted. Such analyses would need to Include the 
groundwater pathway because, for long-lived radionuclides, this can be the 
most Important potential transport mechanism for migration to the surface 
environment, with subsequent migration occurring principally through surface 
water movement. Other radionuclide release and transport mechanisms Involve 
gaseous releases from radionuclide decay and decomposition of organic mater
ial, human, plant and animal Intrusion, and erosion and transport by wind and 
surface water. Subsequent exposure scenarios might Include Ingestion of con
taminated water and foodstuffs, Inhalation of airborne particulates and gases, 
and direct external exposure to radioactivity In various environmental 
compartments. By applying the appropriate risk limit or risk upper-bound, 
total-activity and concentration limits may be derived to ensure that the 
risks to Individuals by exposure to chronic release and transport mechanisms 
are not unacceptable. Again, these limits would be dependent on the nature 
and characteristics of the waste form or package, the engineering design of 
the facility and the characteristics of the site environment that would 
Influence the migration and transport of radionuclides. 

4.2 COLLECTIVE DOSE CONSIDERATIONS 

For a particular shallow land burial facility at a specific site, It 
should be demonstrated that not only 1s the appropriate risk Urrlt or risk 
upper-bound complied with for Individuals, but also that the risks associated 
with the facility are as low as reasonably achievable, economic and social 
factors being taken into account. By applying the ALARA principle at this 
stage, possible acceptable solutions for the design of the facility may be 
compared to Identify the optimum combination of engineering design, candidate 
waste types, waste forms and packages, waste placement and administrative con
trols. 

One technique which can be used to aid decisions on optimisation of ra
diation protection Is cost-benefit analysis, whereby assessments of overall 
radiological Impact are made, together with assessments of financial cost. 
Overall radiological Impact 1s measured In terms of collective dose and the 
optimum level of protection Is determined for the option for which the total 
value of the health detriment and monetary cost 1s a minimum. Another tech
nique, which 1s more appropriate to large-scale waste management decisions, 1s 
multi-attribute analysis [1]. 
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However, for the disposal of radioactive waste for which there are 
long-term Implications, a number of difficulties arise when optimising using 
cost-benefit analysis or any other decision-aiding technique. These diffi
culties Include the selection of a monetary value for collective dose, and the 
need for realistic and reliable assessments In situations where the Individual 
exposures may occur at long times Into the future, at great distances from the 
source and at very low dose rates. Since It Is the comparison of options that 
Is Important, emphasis would be on the magnitude of collective radiological 
differences between overall designs at a specific site. Under this circum
stance, the short-term differences resulting from changes 1n technical details 
may be quite small and, therefore, not very helpful In distinguishing between 
options. Similarly, 1n the long term, when radionuclide migration and disper
sion from the facility could be substantial and the collective doses more 
significant, 1t would be valid to exclude those collective dose components 
that are common to all options. However, as time Increases, there will be an 
Increasing uncertainty In the collective dose assessments, to the extent that 
the error bars on the estimates would not even permit the differences to be 
distinguishable. 

In keeping with the generic character of this study, the Expert Gn up 
decided not to attempt any optimisation due to the significant contribution of 
site-specific factors. The potential benefits of using an example to Illus
trate the process was considered by the Expert Group, but 1t was concluded 
that such examples currently exist In the literature [1], and that further 
efforts of this type would not be particularly helpful for a general reader. 
However, It was felt that certain other factors should be discussed, as they 
have particular significance to shallow land burial. These factors are ad
dressed 1n Section 5 of the report. 
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5. OTHER FACTORS IN ESTABLISHING HASTE ACCEPTANCE CRITERIA 

Procedures such as those described In Sections 3 and 4 can be used to 
derive waste acceptance reference levels In the form of limits on the average 
concentrations of radionuclides 1n wastes to be disposed of In a specific 
shallow land burial facility. These limits can be based on long-term radio
logical protection objectives for waste disposal. Before establishing waste 
acceptance criteria for a specific shallow land burial facility, it 1s neces
sary to consider, firstly, whether there are factors which could lead to 
modifications of the radiological criteria which have been determined from 
longterm Impact assessments and, secondly, whether there are other, less 
quantitative criteria which need to be established. 

5.1 FACTORS MODIFYING RADIOLOGICAL REFERENCE LEVELS 

5.1.1 Radiological Impact of Pre-Dlsposal and Disposal Operations 

The radiological Impact on workers and the public during waste treat
ment. Immobilisation, packaging, transport, storage and disposal operations 
can be an Important factor 1n determining concentration and package limits for 
some radionuclides. T M : Is particularly true of short-lived, gamma-emitting 
radionuclides where consideration of external exposure of workers handling 
wastes could result in more restrictive limits than from long-term radiologi
cal Impact assessments. 

5.1.2 Measurement Capabilities and Costs 

It 1s possible that long-term considerations could lead to limits on 
radionuclide concentrations (and total activities) which are very difficult to 
apply In practice, either because the concentration limits are below the 
levels which are easily detectable or because the measurement procedures In
volved would be very costly and time consuming. These difficulties are most 
likely to arise for alpha-emitting radionuclides and long-lived, beta-emitting 
radionuclides. In such circumstances, 1t will be necessary to consider care
fully whether it 1s essential to establish and enforce a quantitative concen
tration limit, or whether long-term radiological protection objectives can be 
achieved by qualitative controls on the types of waste accepted for shallow 
land burial. For example, it might be possible to specify that only wastes 
from particular practices are allowed to be disposed of at a burial facility. 
Also, experience to date Indicates that average concentrations of radionu
clides over a whole facility are typically 10 per cent of the limits for 
Individual packages. This may ease, to a certain degree, the accuracy needed 
for single-package measurements. 

Measurement difficulties are likely to arise In applying some of the 
reference levels for concentrations of long-lived, alpha-emitting radionu
clides derived 1n Section 3.5 of this report. Concentrations of about 
100 Bq g-1 of alpha-emitting radionuclides represent lower levels of detection 
for measurements on bulk wastes. Lower concentrations can only be detected by 
destructive testing of waste packages, or by sampling at the source of the 
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waste [37-46]. Thus, national authorities who wish to use limits approaching 
the lower end of the 10-10* Bq g-1 range cited in Section 3.5 will need to con
sider the implications for enforcement and quality assurance. 

5.1.3 Quality Assurance 

Quality assurance considerations have Implications for the establish
ment of concentration and package limits. It is clearly not possible to 
determine the exact radionuclide inventory of each and every package, and 
thus it is not appropriate to establish limits without providing some indica
tion of the level of confidence with which those r.^lts are expected to be 
met. In Indicating confidence levels, consideration of the practicalities of 
package monitoring arrangements, including the measurement difficulties 
mentioned above, 1s required. 

5.1.4 Waste Segregation 

At some types of shallow land burial facility, wastes of differing ac
tivity levels are disposed of in various types of trench and tumulus. When 
conducting generic calculations of potential risks and doses, the assumption 
is often made that the same scenarios apply to all trie wastes at one site. 
This simplification is convenient, but can lead to undue restrictions on 
wastes considered acceptable for disposal at greater depth and in engineered 
facilities. In site-specific assessments, it is preferable to use more de
tailed assumptions, and this could lead to upward modifications of the generic 
radiological waste acceptance reference levels. 

5.1.5 Engineered Barriers 

From a systems perspective, the actual contribution of engineered 
barriers to the performance of the waste disposal system poses a difficult 
problem for both regulators and site operators to assess. Intuitively, one 
expects a good system of multiple barriers to increase the time during which 
waste can be effectively Isolated from the biosphere and, particularly, the 
groundwater system. However, reliable quantitative long-term performance data 
currently are not available for the various types of engineered barriers. 
When burled in soil, materials such as concrete or bitumen generally will have 
relatively long lives compared to wooden boxes or mild-steel drums. However, 
in the absence of quantitative performance data, it 1s Impossible to give full 
"credit" for the effectiveness of the barrier. Therefore, for the purpose of 
this study, analyses were based on the conservative assumption that all bar
riers completely degrade and the waste is Indistinguishable from the surround
ing soil. Clearly, this 1s only reasonable for long periods of time after fa
cility closure (perhaps hundreds of years or longer, depending on the barrier). 

Another factor to be considered 1s the relative value of providing a 
high degree of isolation when comparing intrusion to migration/release scen
arios. A high degree of long-term containment would be positive from a migra
tion/release perspective, but might have the effect of prolonging the per.od 
in which Intrusion Into the facility is of concern, since the activity (I.e., 
the hazard) remains concentrated at one location. Clearly, a balance 1s 
needed to ensure that no unacceptable risks occur from any pathway and that 
the overall system 1s optimised. 
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The final Issue relates to the real versus perceived performance of 
engineered barriers. This Is not entirely a technical Issue, as It relates to 
the general public's perception of effectiveness and longevity of large, 
engineered structures. It must be recognised that large structures of ap
parently stable materials such as concrete and steel (for example, concrete 
monoliths) have a strong Intuitive appeal to many Individual1:. This may 
become an Important factor In broad optimisations which must Include socio
economic aspects and, 1n particular, when an attempt 1s made to develop a high 
degree of confidence 1n the overall waste management approach. 

5.2 NON-RADIOLOGICAL CRITERIA 

The topic of general waste acceptance criteria for shallow land burial 
Is extensively discussed 1n an IAEA document [5]. The Issues addressed are 
summarised 1n Table 11. Some of these Issues are clearly related to the ra
diological aspects of burial, either 1n the operational phase or In the long-
term, and are, 1n principle, capable of quantification. Others are more a 
matter of prudence and good practice. Amongst the latter, the Expert Group 
would particularly like to emphasise the Importance of structural stability 
requirements. Such requirements are Important because, the longer the waste 
form, waste packages and other engineered features of a burial facility remain 
Intact, the easier it 1s to monitor and maintain the facility during the In
stitutional control period. Also, stability requirements generally will have 
a positive impact on overall system performance. Such requirements, therefore, 
can help increase confidence In the performance and safety aspects of shallow 
land burial facilities. 
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Table 11 

ISSUES ADDRESSED IN IAEA WASTE ACCEPTANCE CRITERIA REP0RT[5] 

Operational Post-operational 
Criterion Period Period 

Radionuclide Content 

Surface Dose Rate 

Surface Contamination 

Structural Stability 

teachability 

Corrosive Materials 

Thermal and Radiation 

Combustibility 

Gas Generation 

Microbial Degradation 

Free Liquids 

Effects 

Chelating or Complexing Agents 

Explosive Materials 

Pyrophoric Materials 

Corrosion Resistance 

CMtlcalUy Safety 

Waste Package Identlf1 cation 

Waste Package Configuration 

A 
A 
A 

A 
L 
A 
L 

A 
A 
I. 
L 
L 

A 

A 
A 
L 

A 
A 

A 
N/A 
N/A 

A 
A 
A 
A 

L 
L 

L 
A 
A 

A 

A 
L 
L 

L 
N/A 

Notes: 

A - Applicable. 

L - Limited applicability. 

N/A - Not applicable. 
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6. COMPARISON OF THE REFERENCE LEVELS DERIVED IN THIS REPORT WITH 
CRITERIA CURRENTLY IN USE 

Of the countries represented on the Expert Group, only three have quan
titative radiological criteria for specific shallow land burial facilities or 
for general application. These countries are: 

I) The United States, where the Nuclear Regulatory Commission (NRC) 
has established concentration limits for radionuclides In all 
wastes to be disposed of by shallow land burial by the commercial 
sector [47], and where the Department of Energy (DOE) has es
tablished a specific concentration limit of 100 nC1 g-1 for the 
near-surface disposal of alpha-contaminated wastes and has also 
developed site-specific criteria for the near-surface disposal of 
low-level wastes. 

II) France, where general limits have been established for long-
lived, alphaemlttlng radionuclides In shallow land burial facili
ties [48], and where specific limits have been established for 
beta-emitting radionuclides for the Centre de la Manche disposal 
facility [49]. 

III) the United Kingdom, where authorisations for disposal are provi
ded on a case-by-case basis [50]. 

Table 12 Indicates the concentration limits for alpha-emitting radionu
clides which are applied In these countries, and the reference levels derived 
1n Section 3.5 of this report. It can be seen that the limits 1n use are all 
within the range derived 1n this report from calculations for a variety of 
sites, burial facilities and possible exposure scenarios. The reason for the 
similarities 1n limits 1s that, while the approaches to deriving limits vary 
from one country to another and the parameters used 1n calculations can vary 
from one facility to another, each country's authorities have considered the 
same basic possible exposure scenarios and have applied similar judgements to 
the results of modelling calculations, Including those based on practical con
siderations such as the availability and costs of measurement techniques for 
waste containers. 
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Table 12 

COMPARISON OF REFERENCE LEVELS FOR CONCENTRATIONS OF RADIONUCLIDES 
DERIVED IN THIS REPORT WITH CRITERIA CURRENTLY IN USE 

UNITED STATES 
(NRC generic 
limit) 

FRANCE 
(Centre de la 
Hanche) 

Reference Level, 
Alpha-Emitting 
Radionuclides 

(Bq g-1) 

400 
4 000 
4 000 

400 
4 000 
200 

Remarks 

Non-stabilised waste, near-surface* 
Stabilised waste, greater depth* 
DOE package limit In transuranlc, 
alpha-emitting radionuclides 

Site average 
Maximum In one container, embedded waste 
Maximum 1n one container, waste In tumuli 

UNITE0 KINGDOM 4 000 Average per day of disposal operations ; 
Converted from 20 mCl m-3 assuming a 
waste density of 0.2 t m-3 (typical of 
uncompacted LLW); Additional criteria 
ensure actual concentrations In wastes at 
Drlgg are about a factor of 10 below the 
limit 

This Report 
(see 
Section 3.<>) 

10-1 000 

103-104 

Average, for wastes burled within the 
NRIZ; Excludes 226R 3 

Average, for wastes burled at depths 
below the NRIZ and above 20 m; Excludes 
226Ra 

Limits are for single containers and apply only to alpha-emitting, 
transuranlc radionuclides with half-Hves exceeding 5 years. 
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7. CONCLUSIONS AND GUIDANCE 

7.1 There are several types of waste acceptance criteria which can be 
derived from long-term radiological protection objectives for waste disposal. 
Some of these criteria can be established generlcally, while others must 
necessarily be based on site-specific Information. In this report, the possi
bilities for deriving generic waste acceptance reference levels for Inter
national use have been explored, and guidance has been provided on the 
methods to be used and factors to be considered 1n establishing site-specific 
criteria. Attention was focused on quantitative criteria because qualitative 
aspects of the Issue have been addressed In other documents published by 
International organisations [1-9, 17]. 

7.2 The quantitative waste acceptance reference levels derived by the 
Expert Group are In the form of limits on the concentrations of various long-
lived radionuclides 1n wastes to be disposed of In shallow land burial 
facilities. These limits were calculated by considering a range of burial 
site characteristics, burial facility designs, and possible scenarios 1n which 
radionuclides might be released Into the human environment. It was assumed 
that the scenarios are certain to occur because It Is not possible to estimate 
their probabilities of occurrence on a completely generic basis. No attempt 
was made to calculate limits on the total quantities of radionuclides to be 
disposed of at any one site, because such limits must be established by 
national authorities, based on facility and site characteristics. Similarly, 
the Expert Group could not establish generic reference levels for concentra
tions of all radionuclides because some depend on the Institutional control 
period envisaged for the burial facility (which 1s established by national 
authorities), while others are determined by exposure pathways which are not 
amenable to generic treatment (particularly those Involving radionuclide 
migration with groundwater). 

7.3 The quantitative reference levels suggested by the Expert Group are 
Intended to be used to provide perspective for national authorities. They may 
prove helpful In facilitating decisions on waste packaging methods before 
disposal sites are Identified, and 1n providing an International perspective 
on nationally established limits. The Expert Group's guidance 1s 1n no way 
binding on the NEA or U s Member states. Assessments for specific burial 
sites and facility designs could yield higher or lower limits than those 
contained 1n this report, and should be undertaken as a routine matter of 
procedure. 

7.4 The reference levels derived by the Expert Group for long-lived, alpha-
emitting radionuclides are consistent with dose and risk limits recommended by 
the ICRP. It 1s suggested that the concentrations of such radionuclides 1n 
wastes should be within the range 10-103 Bq g-1 when the wastes are burled 
1n the NRIZ (Normal Residential Intrusion Zone), and within the range 103-104 
Bq g-1 when the depth of burial 1s below the NRIZ but above 20 m. These 
reference levels are averages to be applied over a whole burial facility or a 
substantial portion of 1t. Limits for Individual waste packages may be higher 
because of the dilution provided by other wastes and backfilling materia!. It 
should be noted that these reference levels do not apply to 226Ra, and that 
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the adoption of a Unit towards the lower end of the range could lead to 
practical problems of enforcement. It should also be noted that, where In
dividuals may be subject to exposure from several sources, there Is a need to 
establish facility acceptance criteria at lower levels which correspond to 
upper-bound risk Halts. Furthermore, site-specific criteria must take Into 
account the possibility that more than one radionuclide may contribute to 
overall risk. 

7.5 Reference levels calculated by the Expert Group for 22&Ra were based on 
Intrusion scenarios. These calculations are provided as examples only. The 
results cannot be used as a basis for suggesting generic reference levels, 
because 226Ra Is a naturally occurring nuclide and national authorities will 
need to exercise their own judgement In determining acceptable limits. The 
lowest calculated reference level 1s of the order of 10-1 Bq g-1. The highest 
reference level approaches the upper end of the range suggested by the Expert 
Group for long-lived, alpha-emitting radionuclides burled at depths less than 
approximately 3 m. 

7.6 The Expert Group suggests that reference levels for long-lived radio
nuclides for which external Irradiation Is the main exposure pathway should be 
within the range 10-103 Bq g-1. This range Is based on calculations for 94Nb, 
which Is a radionuclide of low abundance 1n many wastes, and with relatively 
high-energy gamma emissions. 

7.7 The Expert Group notes that the reference levels specified above for 
long-lived, alpha-emitting radionuclides are consistent with criteria current
ly In use In countries where shallow land burial 1s practised. 

7.8 One of the main difficulties which the Expert Group encountered 1n de
riving generic waste acceptance reference levels was how to assess, 1n general 
terms, the performance of waste packages and engineered barriers over long 
time periods. The Expert Group chose to use the pessimistic assumptions which 
have been used In previous assessments of shallow land burial facilities. It 
1s the opinion of the Expert. Group that this situation 1s unsatisfactory. In 
that the benefits of waste packaging and engineered barriers are not adequate
ly addressed. The Expert Group believes that research efforts to examine 
waste package and engineered barrier performance, and to determine the proba
bilities of Intrusion events, should be Increased and taken Into consideration 
1n site-specific assessments of shallow land burial facilities. 

7.9 Improvements In predictive models and their data bases are needed for 
the more realistic assessments required as an Input to decisions on the ca
pacity of existing burial facilities, to reviews of the waste types which may 
be burled at shallow depth, and to decisions on the procedures to be followed 
1n establishing new burial facilities and closing those currently 1n use. 
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7.10 Finally, the Expert 6roup wishes to emphasise that the waste acceptance 
reference levels derived and suggested 1n this report are based on a nunber of 
representative calculations of long-tera Individual risks fro» shallow land 
burial facilities, with some consideration given to practical difficulties In 
applying the Halts. The reference levels should not be used as a substitute 
for criteria derived on the basis of «ore comprehensive assessments of shallow 
land burial facilities undertaken by national authorities. 
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Annex I 

EXECUTIVE SUMMARY, LONG-TERM RADIATION PROTECTION OBJECTIVES 
FOR RADIOACTIVE WASTE DISPOSAL, OECD/NEA (1984), pp. 11-12 

"The radiological Impact of waste disposal depends on events and pro
cesses which may cause a release of radionuclides Into the environment or 
Influence the rate of release or transport through 1t. Some of these events 
and processes are certain to occur, others have time dependent probabilities 
of occurrence. In order that all events and processes can be taken Into 
account on a rational basis, It 1s recommended that protection of the Indivi
dual should be expressed 1n terms of risk, where risk Is defined as the pro
duct of the probability of exposure and the probability that doses received 
will give rise to deleterious health effects. 

It 1s suggested that national authorities should judge waste disposal 
practices against an Individual risk limit for members of the public which 
corresponds to the risk associated with the current ICRP dose recommenda
tions. It 1s suggested that a maximum risk objective should be set at 10-5 per 
year, corresponding approximately to the objective of 1 mSv per year recom
mended by the ICRP for those scenarios where exposure 1s expected to persist 
for a decade or more 1n the lifetime of Individuals 1n a critical group. For 
future exposures of limited duration, a risk of 5 x 10-5 per year would cor
respond broadly with the Individual dose limit of 5 mSv per year. It 1s 
further suggested that, where appropriate, national authorities establish 
operational risk upper bounds for particular waste disposal practices which 
are only a fraction of the general limit. 

As an essential component of the ICRP system of dose limitation, the 
principle that all exposures should be kept as low as reasonably achievable, 
should apply to radioactive waste disposal. It 1s therefore recommended that 
1t should constitute a part of the system of radiation protection for all dis
posal practices. In practice, the techniques of optimisation of radiation 
protection may not however lead to clear preferences between alterative waste 
management options In a long term perspective. Optimisation may provide guid
ance, but If differential cost/benefit analysis 1s used, this analysis will 
need to form part of a broader multi-attribute analysis of waste management 
strategies. 

Although Individual risk will be the primary concern, the Group has 
made a number of practical suggestions concerning optimisation of protection 
to help 1n achieving a clear discrimination between alternatives: 

- As far as 1s practicable, conservatism and uncertainties should be 
minimised, and estimated, 1n all aspects of collective dose assess
ments . 
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- With the linear dose response relationship providing the basis of 
the ICRP philosophy, consideration should be given to all exposures 
Irrespective of time or location, although a part only of the col
lective dose may be used In optimisation and multi-attribute analy
ses In some circumstances, described below: 

If truncation of the collective dose assessment on the basis of a 
low Individual dose level Is considered, the excluded detriment 
should be assessed. Where a significant part of the collective 
detriment could arise outside national boundaries, truncation of 
low Individual dose components would Involve the responsibility 
to seek International agreement on the acceptability of the trun
cation procedure. 

. The Integration of collective dose 1n time should only be extend
ed to a time when the similarity or uncertainties of collective 
dose rates no longer allow alternatives to be distinguished. The 
time of truncation of collective dose should derive from an 
analysis of each disposal situation. 

- There 1s agreement that the valuation of radiation detriment should 
reflect social and economic considerations and the degree of un
certainty associated with far future health effects. There 1s no 
wide agreement on the rationale for discounting the costs of future 
detriment based on economic considerations mitigated by a sense of 
responsibility towards future generations. If such an approach Is 
used, 1t 1s recommended that the Implications of using various dis
count rates should be Investigated. 

- When unlikely exposure scenarios could contribute significantly to 
the potential collective detriment. Information should be presented 
separately on probabilities. Individual doses and collective detri
ments for consideration 1n multi-attribute analyses. 

In view of the considerations dealt with In this report, 1t 1s suggest
ed that the protection of Individuals should play the dominant role In the 
licensing of radioactive waste disposal practices. The source-related aspects 
of control should reflect a requirement for optimisation of radiation protec
tion within the broader context of decisions on waste management strategies. 

These suggestions for regulation represent the approach favoured by 
this group. Other approaches giving greater emphasis to source-related 
collective Impacts may be appropriate when a critical group cannot be Identi
fied. If behaviour of radioactive material 1n the environment cannot yet be 
modelled sufficiently accurately to provide a reliable basis for decisions, 
these may have to be based on the concern to reduce potential radionuclide 
releases, using Information currently available. Even 1n the absence of pre
cise Information about potential radiological Impacts, responsible decisions 
can still be made.1' 

The report also contains several examples of the application of the 
radiological protection objectives recommended by the Expert Group, one of 
which examines shallow land burial facilities. 
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Annex II 

TERNS OF REFERENCE 

1. Apply the principles and objectives contained In the document 
"Long-Term Radiation Protection Objectives for Radioactive Waste Disposal" to 
develop acceptance criteria for long-lived radioactive waste placed Into shal
low land burial facilities. 

2. Ensure that the criteria developed can be applied to real disposal fa
cilities by considering the operational aspects of conditioning, placing and 
covering of the wastes, c.nd, 1n particular, the monitoring aspects related to 
selection and segregation. 

3. Evaluate the relative role of generic and site specific factors in 
developing the criteria. 

4. Consider the different approaches used 1n safety assessment to deter
mine whether 1t 1s reasonable or necessary to agree on certain common treat
ments. The following general areas could be considered: 

I) Scenario Selection for Chronic and Intrusion Exposures 

- reasonableness 
- completeness 

II) Calculating Radiological Risks 

- critical group characteristics 
- pathway factors 
- conservatism 
- uncertainty 
- long-term climatic and other changes 

III) Institutional Control Aspects 

- long-term monitoring 

- length and nature of controls 

1v) Other Factors to be considered 1n a Multi-attribute Analysis 

- collective dose 
- management costs. 

5. Develop examples to show how the criteria might be applied to wastes of 
different characteristics placed 1n sites at different locations which encom
pass a range of physical, chemical and biological pathways. 
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Annex III 

REVIEW OF STUDY OBJECTIVES AND ACCOMPLISHMENTS 

Objective of Study Degree to Which 
Objective Was Achieved 

Comments 

DEVELOP NUMERICAL 
REFERENCE LEVELS 
FOR LONG-LIVED 
RADIONUCLIDES 

DEMONSTRATE METHO
DOLOGY SUITABLE TO 
DERIVE OTHER NUMER 
ICAL CRITERIA 

- Intrusion-dominated 
scenarios 

range of reference levels 
developed for alpha-emitting 
radionuclides: 
10-103 Bq g-1 1n NRIZ, 
and 103-104 Bq g-1 
below the NRIZ and above 20m 

Ra was excluded from 
recommendations 

levels for 94Nb are 
10-103 Bq g-1 

example calculations 
for 14C, 99Tc, 
129l,90Sr, 137cs and 
226Ra have been 
Included 

common range of 
Intrusion scenarios 
and parameters 
allowed a generic 
approach 

this 1s a naturally 
occurring radionu
clide and acceptable 
levels need to be by 
assessed by national 
authorities 

long-lived, gamma-
emitting radio
nuclides 

derived criteria not 
calculated, since 
they depend heavily 
on slte-spedflc 
factors, waste form 
and, for Inter 
mediate-lived radio
nuclides, on the 
selection of the 
Institutional 
control period 

- 69 -



Objective of Study Degree to Which Comments 
Objective Was Achieved 

Groundwater-domi 
nated scenarios 

- not included (would take 
the form of total-activity 
limits for facility) 

modelling parameters 
are too site-
specific 

FULL IMPLEMENTATION OF 
NEA RECOMMENDATIONS ON 
LONG-TERM RADIATION 
PROTECTION OBJECTIVESp] 

Reference levels 
based on a risk 
limit 

- levels based only on dose 

- levels based only on human 
intrusion scenarios 
(i.e., groundwater pathways 
have not been analysed 
in detail) 

probability of the 
scenarios was judged 
too site-specific to 
include in generic 
study 

most site-specific 
studies show that 
intrusion scenarios 
tend to dominate 
dose predictions 

where this is not 
so, the groundwater 
pathways are parti
cularly dependent on 
site-specific para
meter values 

Demonstrate metho
dology to develop 
reference levels 
taking account of 
other, non-quan
tifiable factors 

brief discussion of factors 
such as measurement capabl 
Hty, quality assurance 
and waste segregation 

IAEA has extensive 
documentation 
available on this 
topic 

the specific role 
of these factors 1s 
highly site-
specific; they 
would be used mainly 
1n overall site 
optimisation by 
national authorities 
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Annex IV 

CALCULATION OF RADON EMANATION RATES FROM WASTES DISPOSEO OF IN SHALLOW 
LAND BURIAL FACILITIES, AND OF REFERENCE LEVELS FOR CONCENTRATIONS 

OF 226Ra IN WASTES ACCEPTABLE FOR SHALLOW LANO BURIAL 

The following calculations use a very simple model to estimate the 
rates of radon emanation from wastes containing 226Ra, and hence the 
concentration reference levels for disposal of these wastes 1n shallow land 
burial facilities. The model provides reasonable agreement between predicted 
and observed concentrations of radon and Its daughter products 1n houses built 
on soil and rocks containing naturally occurring 226Ra. However, the 
results of these calculations will need to be reviewed In the context of 
additional studies on doses received from natural background radiation, and on 
assessments of the radiological Impact of disposal of wastes containing 
substantial quantities of 226Ra (particularly uranium mill tailings). 

A.l EMANATION FROM BARE WASTE 

The radon exhalation rate from a soil Into open air depends on many 
environmental factors such as humidity and particle size of the soil, soil and 
atmospheric temperature, barometric pressure and wind velocity. 

The radon flux density for a homogeneous radium distribution Is 
obtained by use of the following equation [1, 2, 3]: 

Jo = A.W.pThle (1) 

where: 

J0 = radon flux density at the upper surface (atoms. cm-2.s-l) 

A = 22&Ra concentration In waste (Bq g_1) 

W - fraction of waste 1n soil (1n mass) 

p = soil density (g cm-3) 

T = emanation factor, defined as the fraction of the radon atoms 
produced which escape from the solid phase of the soil Into 
the pore spaces 

hi » thickness of the soil (cm) 

c = self-confinement factor, defined by 

Hi hi 

e=rltanh-l (2) 
h1 H1 
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Hi = effective diffusion relaxation length for the soil (cm), 
defined by 

- . # 
(3) 

D-| = effective diffusion coefficient of the soil (ci»2 s-1) 

\ = decay constant of 222Rn (s-1). 

h1 
If hi 1s large compared with Hi, tanh ^- = 1 

1 
H1 and e = —- , then 
h1 

J0 = A.W.p t Hi. (4) 

T and Hi depend on the physical properties of soil particles (grain 
s'.ze and form), the mlneraloglcal characteristics (clay minerals), the 
physico-chemical properties (sorption of radon atoms), the soil texture and 
the soil humidity. 

The Interdependence between t, Hi and the other parameters Is very 
complex. The values of t and Hi can, however, be obtained experimentally 
from soil samples. Such experiments have provided the following results: 

- For tailings, i varies from 0.03 to 0.3 

- For crushed ores, T varies from 0.01 to 0.9 

- For dry and coarse materials, Hi varies from 1 to 2 m 

- For wet soil with small clay particles, Hi varies from 0.1 to 0.5 

- For water-saturated soil. Hi 1s of the order of 0.01 m. 

A.2 LHANATION FROM COVERED WASTE 

A cover of soil without 226Ra reduces the exhalation of radon Into 
air. The attenuation factor, F, depends on hi, Hi h2 and H2, where 
h2 and H2 are the thickness and the effective diffusion relaxation length 
of the cover, respectively. The main governing parameter for the reduction 
factor 1s the ratio of h2 to H2. 

h2 

If hi 1s large compared to Hi, F may be approximated by F = e L . 
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For the three disposal sites and the scenarios studied 1n this report, 
hi 1s large compared with Hi, even for dry materials, and the following 
equations can be used: 

J 

J = 

-

Jo e 

A W p 

h 2 
H2 

T H 1 

-

e 
H? (6) 

A.3 RADON CONCENTRATION IN HOUSES 

The concentration of radon 1n a house 1s calculated by the following 
equation: 

C = Co + G S (7) 
(Xv + A)V 

where: 

C = radon concentration Indoors (Bq m-3) 

C0 = radon concentration outdoors (Bq m-3) 

G = emanation rate (Bq m-2 s-1) 

G * 10* X J 

S _ basement area (m-l) 
V house volume 

*-v = air removal rate from the room (s~ ) 

For normal conditions, with Co being negligible compared to the 
second term of equation (7), and X being small compared to \y, then: 

_ ! ^ 

where C = 104 * | A.W. p T ^ e 2 M 

A.4 DOSE DUE TO RADON DAUGHTERS 

(8) 

The effective dose equivalent, 0, corresponding to the residence during 
one year on the site 1s calculated from the following equation [4]: 

D * Ki R t f K2 C (10) 
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where : 

0 = effective dose equivalent (Sv y-1) 

K-\ = effective dose equivalent corresponding to an absorbed 
energy of 1 Joule; K-| = 2 Sv J-l 

R = breathing rate (m3 h-1) 

t = exposure duration (h) 

f = equilibrium factor 

K2 = potential a-energy (J m-3) for 1 Bq m-3 of 222Rn In 
equilibrium with Its daughters. 

The suggested values for the parameters are [4]: 

R = 0.75 m3 h-1 

t = 7000 h 

f = 0.8 

K2 = 5.54 10-9 J Bq-1 

0 = 4.65 10-6 C. (11) 

A.5 APPLICATION TO SHALLOW LAND BURIAL 

In the scenario considered 1n these calculations, 1t 1s assumed that, 
after the Institutional control period, a house 1s built on the burial site. 
The scer.arlos previously studied assumed that the foundation hole 1s 3 m deep. 
Equation (7) calculates the concentration In a house built directly on the 
waste. However, a 3 m deep basement corresponds generally to rooms with 
smaller ventilation rates, and therefore higher radon concentrations, but 
where habitation 1s not permanent. For this generic study, the Expert Group 
decided to use the same equation, with an Increased ventilation rate 
representative of rooms Inhabited for a greater percentage of the time, and a 
value for the ratio, £, corresponding to a 2-storey dwelling. 

Typically moderate ventilation rates, representing average conditions 
over long periods of exposure, range between 0.3 and 1 h-1 [4]. 

In this generic modelling, the flux of radon through the foundation 
walls 1n contact with the soil 1s not taken Into account for the following 
three reasons: 

1) equations (1) and (5) are based on diffusion and attenuation 
through Infinite layers and are not representative of the 
geometry of walls; 
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II) the soil around the house 1s assumed to be uniformly mixed 
(mixture of waste and cover) so that the concentration of radium 
In that soil Is lower than In waste; 

III) this soil has the same humidity or 1s more humid than the ground 
under the basement, thus providing a smaller radon exhalation 
rate. 

It was assumed, therefore, that: 

D = 4.65 10-? • 

! ^ 

where C = ™ X_ S A.K. pt H, e 

with \ 

\ 

S 
V 

s 

= 

M 

2.1 10-6 s-1 

2.77 10-* s-1 

0.2 m-1 

0.1 (mean value for tailings) 

h2 

O = 7.05 10~5 A.W. p H t e "z 

A.6 CALCULATIONS FOR THE BURIAL FACILITIES 

A.6.1 Minimum-Engineered Facility. Temperate Araa 

The thickness of the waste under the basement 1s assumed to be 5 m. No 
Inactive soil protects the waste, so h2 * 0. 

Since the site 1s 1n a temperate area, Hi * 100 cm, and: 

p - 0.82 g cm-3 

(1 part soil, p - 1.7 cm-3, for 4 parts waste, 
p » 0.6 g cm-3) 

H - 0.59 

D - 3.4 10-3 A (Sv y-1) 

with A 1n Bq g-1. 
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A dose limit of 1.10-3 $v y_1 corresponds to a waste reference 
level of 0.3 Bq g-1. (The dose limit of 1 mSv y-1 1s used because people 
may spend more than 10 y In the house). 

A.6.2 Hinlimim-Englneered Facility. Arid Area 

Hi = 200 cm (arid area). 

Other parameters are the same as for the minimum-engineered facility 1n 
a temperate area. 

For a dose limit of 1.10-3 Sv y-1, the waste reference level Is 
calculated to be 0.2 Bq g-1. 
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