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FOREWORD

This publication is intended for those considering the use of shallow 
ground disposal for selected radioactive wastes and provides guidelines for the 
use of both regulating and implementing organizations. The information 
presented is generalized, but the IAEA plans to produce more specific 
publications oh each of the principal aspects dealt with here.

In 1977, a draft proposal was prepared which outlined a plan for an IAEA 
programme on the underground disposal of radioactive waste. An Advisory 
Group Meeting, held in early 1978, supported this proposal and recommended 
that a set of guidelines be published concerning the underground disposal of 
radioactive wastes. The guidelines are intended to cover the needs and interests 
of both developed and developing countries and to include the following 
subjects:

Generic and regulatory activities and safety assessments

Investigation and selection of repository sites

Waste acceptance criteria

Design and construction of repositories

Operation, shut-down and surveillance of repositories.

The present document is part of the Agency’s programme to develop guidelines 
on these subjects.

Shallow ground burial as a disposal method was discussed by two IAEA 
panels held in 1972 and 1974 in Moscow. Specific consideration of the 
preparation of a Guide to Shallow Ground Disposal of Radioactive Wastes was 
given in a background paper prepared by three consultants in early 1976. This 
paper was discussed at the first Advisory Group Meeting in Madrid in 
November 1976. As a result of these discussions a proposed guide was drafted 
by eight consultants in late 1977 and early 1978 for examination and review by 
the Advisory Group during a second meeting held in Salzburg in 1978. The 
draft prepared by this Advisory Group was examined by the Technical Review 
Committee on Underground Disposal of Radioactive Waste at its first meeting 
held from 27 November to 1 December 1978 in Vienna.

Technical editing was carried out in March 1979 by Messrs J.R. Coady of 
the Canadian Atomic Energy Control Board, G.E. Daly of the United States 
Department of Energy and G.E. Hesketh of the United Kingdom Department 
of the Environment. The officer responsible for guiding this work was 
Mr. P.H. Jourde of the IAEA’s Division of Nuclear Safety and Environmental 
Protection.
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A number of relevant publications have been and are being prepared 
within the IAEA’s programme on the safe underground disposal of radioactive 
waste, discussing possible options for the disposal of low-, intermediate- and 
high-level radioactive wastes in deep geological formations, in rock caverns at 
various depths and in shallow ground. The following other publications might 
be consulted in connection with the use of this document:

Underground Disposal of Radioactive Wastes: Basic Guidance, IAEA
Safety Series No. 54 (1981).

Development of Regulatory Procedures for the Disposal of Solid Radio
active Waste in Deep, Continental Formations, IAEA Safety Series 
No.51 (1980)

Site Selection Factors for Repositories of Solid High-level and Alpha- 
bearing Wastes in Geological Formations, IAEA Technical Reports 
Series No.177 (1977).

Other appropriate Agency publications, such as those prepared under the 
Radiological Safety Standards programme and the Nuclear Safety Standards 
(NUSS) programme, may provide valuable background information on related 
topics.

The IAEA gratefully acknowledges that the preparation of this publication 
was partially funded by the United Nations Environment Programme (UNEP) 
under its Project No. 0102-74-002 with the IAEA.
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1. INTRODUCTION

Underground isolation of radioactive waste is the disposal option currently 
receiving most attention. Shallow ground disposal can provide the required 
isolation for reasonable time periods, but these will be short compared with the 
time periods covered by deep geological disposal since the waste is accessible to 
intrusion by man and to natural processes. Consequently, shallow ground disposal 
should be considered as a suitable disposal method only for wastes that decay to 
acceptable levels within a period of time for which institutional control of the 
repository site can be reasonably expected to continue. As discussed in 
Section 5.2.1, quantitative definitions of acceptable levels and time periods are 
difficult to make and need to be developed by national regulatory authorities, 
possibly with the assistance of international organizations.

Shallow ground disposal of radioactive waste has been practised for some 
decades, with a wide variation in the procedures employed and the quantities 
and types of waste involved. In several countries this experience provides a body 
of information upon which to base future practices. The application of the 
principles of this guidebook may require a more detailed knowledge of the 
contents of waste packages than has been available in the past.

Many radioactive waste repository sites will require the application of 
safety precautions long after operations at the sites have ceased. However, the 
presence o f buried waste need not necessarily preclude the utilization o f the sites 
for other purposes at a future time. Such circumstances are not unique: the 
disposal of non-radioactive materials often presents a need for long-term care 
because of their highly toxic or dangerous nature.

It is necessary to distinguish between disposal and storage 1:

(a) In the case of disposal the waste itself is abandoned. The repository site 
is not abandoned, but surveillance should not be necessary beyond some appro
priate period o f institutional control. In other words, there is no intention to 
recover the waste, although its recovery may be technically possible, or to provide 
for more than routine surveillance of the site for some limited time.

(b) In the case of storage the waste itself is not abandoned; it is accessible 
for inspection, recovery and re-packaging, etc., and there is an intention to carry 
out such work.

The objective of shallow ground disposal is to confine radioactive nuclides 
within the repository site for the period of time they represent an unacceptable 
risk. The characteristics of a repository and its site determine the quantity and

1 Note that the practice of shallow ground burial is considered by some Member States 
to be a mode of storage rather than a mode of disposal.

1
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nature of waste that can be placed in it. The suitability of the site is determined 
by its capacity to isolate the radionuclides and by their potential impacts on man 
and the environment. Releases of radionuclides may be acceptable, provided their 
radiological impacts conform to the basic criteria of radiation protection as 
currently defined by the International Commission on Radiological Protection 
(ICRP) and relevant national regulations.

Transport mechanisms related to hydrogeological, biological and human 
phenomena must be taken into account for long-term studies. The hydrogeological 
characteristics of a site are usually the main factors controlling radionuclide 
migration, since water is the most likely medium for off-site transport of radio
nuclides. If the site with its hydrogeological characteristics does not provide 
adequate confinement, artificial methods may sometimes be used to improve the 
site performance, e.g. by conditioning the wastes or by special engineering of the 
repository. In any case, the concentration or amount of radionuclides that may 
migrate from the repository to any part of the off-site environment must never 
exceed levels beyond the relevant authorized limits. Attention must also be given 
to the potential consequences of intrusion by man. Criteria for site selection are 
discussed in Section 4.

For each repository, authorized limits for the types, concentrations and total 
quantities of radionuclides disposed should be established. They must be specific 
for each repository. Regulatory and licensing measures are discussed in Section 3.

2. SCOPE OF THE GUIDEBOOK

This guidebook outlines the factors to be considered in site selection, design, 
operation, shut-down and surveillance as well as the regulatory requirements of 
repositories for safe disposal of radioactive waste in shallow ground. No attempt 
is made to summarize the existing voluminous literature on the many facets of 
radioactive waste disposal.

In the context of this guidebook, shallow ground disposal refers to the 
emplacement of radioactive waste, with or without engineered barriers, above or 
below the ground surface, where the final protective covering is of the order 
of a few metres thick. Deep geological disposal and other underground disposal 
methods, management o f mill tailings and disposal into the sea have been or will 
be considered in other IAEA publications.

These guidelines have been made sufficiently general to cover a broad 
variety of climatic, hydrogeological and biological conditions. They may need to 
be interpreted or modified to reflect local conditions and national regulations.

2
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3. GOVERNMENT REGULATIONS 
AND RESPONSIBILITIES

3.1. REGULATORY REQUIREMENTS

The regulation of waste repositories is the responsibility of national govern
mental authorities. Where appropriate, the authorities of neighbouring countries 
and/or states should consult one another. In some countries, it is legally necessary 
to allow public participation in the regulatory process. A detailed structure for 
governmental authorities is not included here since it would differ in the various 
countries of the world. Nevertheless, there is one principle to which all should 
adhere: regulatory authorities should be effectively separated from implementing 
organizations, since inspection and enforcement are included in regulatory 
responsibilities.

The prime duty of regulatory authorities is to protect man and the environ
ment, ensuring that releases and discharges from waste repositories do not cause 
radiation doses to man which contravene the recommendations of the ICRP or 
national regulations. Doses to man should be not only within authorized limits but 
also as far below these limits as is reasonably achievable, social and economic 
considerations being taken into account. It is therefore necessary for a regulatory 
authority to obtain expert advice on a wide variety of subjects before decisions 
are made as to:

whether a site is suitable for the disposal of waste, and also 
what types and quantities of wastes are suitable for a repository.

The two decisions are interrelated, because the nature of the site partially deter
mines what can go into a repository. Plainly, the actual and potential radiation 
doses to man must be the main consideration, but there are others: for example, 
the agricultural or other economic value of land cannot be ignored nor can the 
needs of wildlife preservation. Approval of a waste repository should not be granted 
until after such assessments, as well as the safety assessments, have been made.

Among other matters, the regulatory authorities should consider:

(a) Land ownership. It is considered best for the land to be Government owned.
(b) Documentation. Detailed records o f disposals should be kept by the 

implementing organizations, and copies of such records should be regularly 
sent to the regulatory authorities. Because of the long-term need for these 
records, measures should be taken to  ensure their retention in archives (see 
§ 8.3.3).

(c) Inspection and enforcement. Adequate independent inspections should be 
made and followed by appropriate enforcement measures (see § § 3.3 and 8.1.3).

3
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(d) Proliferation o f  disposal sites. Governments should strive for an optimization 
of the number, size and geographical distribution of the sites.

3.2. LICENSING

The regulatory requirements are specified and implemented through a process 
of licensing for the repositories and implementing organizations. Licences are 
issued by the regulatory authorities and are necessary for all but the simplest and 
most trivial of shallow ground disposals. These requirements may cover a very 
broad field. The terms and conditions of a licence should definitely specify the 
following points:

(a) The nature o f  the perm itted wastes and their conditioning, if any. A repo
sitory that is suitable for the disposal of radioactive wastes may be suitable 
also for the disposal of certain non-radioactive wastes. Whether such dual use 
should be accepted is a matter for serious consideration. It should be noted 
that in shallow ground repositories which are used for radioactive wastes 
certain non-radioactive classes of waste should be restricted or prohibited 
(see § 5.2.4). Also, to put toxic wastes (e.g. lead, mercury, cadmium, 
asbestos) in such repositories might be unacceptable if they would cause 
difficulties on site or for the environment. On the other hand, the burial of 
innocuous materials in repositories might use up a valuable asset (i.e. the 
amount of land available), which would be unjustified if they could safely be 
placed elsewhere. In addition to these points, the limiting chemical and 
physical features of the conditioned waste disposed of at the repository are 
important items to be included in the granting of a licence.

(b) Radioactivity limits, such as the quantities and maximum specific activities of 
individual radionuclides. For example, it is possible to fix limits for different 
categories of waste on the basis of half-lives and/or other characteristics
(see § 5.2.1). Two parameters are fundamental in making this decision: 

the radionuclide activities below which radioactive wastes would not 
pose unacceptable risks if released into the general environment; and 

the time period for which institutional control can be reasonably 
expected.

It should be noted that there is a particular need to evaluate and set limits 
for the quantities of long-lived radionuclides which may be put into specific 
repositories.

(c) A site and environmental monitoring and surveillance programme for the 
implementing organization (see § 7). Where a requirement is placed upon 
an implementing organization to perform monitoring and surveillance of a 
repository and in its vicinity, it should be a duty of the regulatory authority 
to ascertain whether or not that organization is monitoring in accordance

4
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inspections in order to verify that the implementing organization has performed 
according to the terms and conditions of the licence. Inspections should be made 
in order to:

ensure that the conditions of the licence are being met 
initiate independent monitoring programmes, both on and off site, to check 

site performance 
assess any need for change in the licensing terms and conditions.

The inspections should be both scheduled and non-scheduled, and at least 
some should be made without notice to the operator.

The inspector’s powers should include at least the right of entry, the right to 
examine records, and the right to take samples of waste and of environmental 
materials. Inspectors should have easy access to specialist advice on geology, 
hydrology, biology, chemistry, physics and engineering, if necessary.

3.4. POST-OPERATIONAL SURVEILLANCE

A Government should ensure the provision of post-operational surveillance 
where it is deemed necessary. Unless the radionuclides in the waste are very 
short-lived, there will be the need to continue surveillance of the site at the end

5
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of disposal operations for a period of time which may extend for many years. For 
radionuclides such as strontium and caesium, with half-lives of a few tens of 
years, the necessary post-operational surveillance should be achievable and the 
attendant difficulties need not be insuperable. For very long-lived radionuclides, 
post-operational surveillance requirements must be minimized by limiting the 
quantity and concentration of those nuclides disposed of during the operational 
period, since no significant activity reductions will result from radioactive decay 
(see § 5.2.1).

A basic requirement in any surveillance programme is a knowledge of past 
use of the site. If the written records (see § 8.3.3) are kept by the implementing 
organization and also by one or two Government bodies including the regulatory 
authority, there should be no difficulty in ensuring the preservation of records.

The responsibilities need to be clearly defined between the implementing 
organization and the Government. For a time the former should continue to 
perform a substantial programme of monitoring and environmental surveillance, 
while at the same time the regulatory authority continues to perform other 
confirmatory and investigational work. For the post-operational phase, all the 
effort may devolve on the Government.

4. REPOSITORY SITE SELECTION

4.1. GENERAL CONSIDERATIONS

The purpose of shallow ground disposal is to prevent unacceptable amounts 
of radioactivity from reaching man by confining radionuclides within a repository 
site for the required period of time. This requires a determination of the retention 
capacity of the repository site for the particular radionuclides being considered for 
disposal, and the prediction of the impact of the disposal system on man and his 
environment.

Radionuclides present in solid waste may be released to the environment by 
the following basic mechanisms:

(a) Exposure and overland transport of nuclides by normal erosional processes 
(water and wind), erosional floods, or by erosion following disruption of the 
landscape by earthquakes

(b) Transport of dissolved radionuclides by groundwater to wells, streams or 
springs

(c) Transport of dissolved radionuclides upward to the soil zone by capillary 
flow followed by uptake in plants

6
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(d) Transport of radionuclides by gases generated by bacterial reduction of 
organic waste material and containers

(e) Dispersal following intrusion by animals or deep-rooted plants
(f) Intrusion by man
(g) Accidents during handling or disposal operations.

The suitability of a site for shallow ground disposal of waste is, therefore, 
dependent upon the extent that the site features are capable of preventing or 
delaying the occurrence of these mechanisms.

An important principle o f shallow ground disposal is that the natural 
hydrogeological characteristics of a site should confine the radionuclides. An 
ideal site would be one where the migration of radionuclides would be delayed in 
the saturated or unsaturated geological materials of the site and of its buffer zone 
until they have decayed to acceptable levels. In many environments, such as 
humid areas or where land suitable for repository sites is limited, it may be 
necessary to use special engineering and waste handling procedures to enhance the 
retention characteristics of the site. A stable solid waste form or high-integrity 
container can provide a significant barrier to radionuclide release.

Considerable information is available on the hydrogeological processes and 
principles controlling the underground migration of radionuclides. A realistic 
understanding needs to be achieved of the complex physical and chemical reactions 
that may occur after shallow ground disposal o f waste materials at a specific site.

General hydrogeological criteria for the evaluation of the suitability of a site 
for shallow ground disposal have been proposed in numerous reports by authors 
who were usually discussing specific sites. The criteria developed by Papadopulos 
and Winograd [ 1 ] appear general enough to cover most conceivable disposal 
environments; the following general hydrogeological criteria are adapted from 
their work:

(a) The land surface should be devoid of surface water and generally be stable 
with respect to its geomorphology. The site should not be subject to flooding, 
as would be a site placed on a flood plain or encompassing potentially wet 
terrain.

(b) The repository should be separated from fractured bedrock by a layer of 
geological materials sufficiently thick to retard the migration of radionuclides 
into the fractured zone. The subsurface pathways (groundwater flow) should 
not readily lead to public waterways or potentially usable aquifers, or to 
highly permeable areas of fractured rocks.

(c) The predicted residence time of radionuclides within the groundwater flow 
system must be long enough for sufficient decay to occur before the radio
active waste constituents enter the human environment. The hydrogeological 
conditions must be simple enough for reliable residence time predictions to 
be made.
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(d) The natural water table, at its highest level, should be below the repository 
by at least a few metres and the hydrogeological setting should be such that 
large water-table fluctuations are unlikely.

The above hydrogeological criteria are to be taken into account, in the light 
of specific geographic conditions, for obtaining the best possible circumstances 
from a hydrogeological point o f view. However, it is unlikely that any one site 
will meet all of the criteria. Thus, for certain waste categories, artificial or 
engineered barriers can be used to compensate for the lack of some properties 
of a site.

Radioactive wastes from nuclear research centres, universities, hospitals and 
other industrial applications of radioisotopes consist of relatively short-lived 
radionuclides of low specific activity. In these cases adequate containment could 
be achieved with engineered barriers.

Selecting a waste repository site may, in some cases, be a long-term land use 
decision and commit a tract of land to this use to the exclusion of other uses (see 
§§ 5.2.1 and 8.4). Therefore, the same evaluation of values foregone and other 
questions of exchange values must be made as for any other land use decision.

The shallow ground disposal of radioactive wastes at existing and future sites 
is a significant governmental or industrial action that may have environmental 
impacts. Sites for shallow ground waste repositories need to have physical and 
biological characteristics that are compatible with the proposed use. It is important 
that their selection be subject to acceptance through a process that reviews 
potential environmental impacts.

4.2. AN APPROACH TO SITE SELECTION2

After planning and general studies have indicated the need for a shallow 
ground waste repository, the selection of an appropriate site can proceed in a 
stepwise manner. The approach presented below is based on the following 
assumptions:

(a) The repository site is located on Government-owned land to ensure the long
term control of ownership.

(b) Site selection is made with the aid of many different technical specialities 
including geology, hydrology, ecology, biology, health physics, engineering 
and land management.

2 More information is given in “Site Investigations for Repositories for Solid Radioactive 
Wastes in Shallow Ground” , IAEA (in preparation).
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(c) One agency has the prime responsibility for organizing the selection process 
for a site(s). Often, however, an interdisciplinary team may be required to 
execute the selection because of the broad range of interests, technical 
specialities and responsibilities involved.

In accord with the considerations of § 4.1, the following approach will help 
select potential sites for the shallow ground disposal of solid and solidified radio
active wastes that meet the criteria in § 5. It was developed to facilitate selecting 
a site with natural characteristics that will reduce the possible migration of 
unacceptable quantities of radionuclides. The investigations suggested are intended 
to provide background data for determining the natural retention capability of 
the site and for predicting the impact of the repository on man and the environ
ment. Any repository site selected by this approach might well also qualify as a 
site for the temporary storage and conditioning of the wastes. The discussions have 
been left general to cover a broad variety o f climatic, hydrogeological and biological 
conditions. Some factors and ranges of values will have to be changed to meet the 
needs of a particular site.

The approach generally consists of three phases — area survey, preliminary 
site selection and site confirmation -  which lead to  an acceptable site available 
for use. Once set in motion, there should be a continuous, iterative, evaluational 
process which rejects unsuitable sites and carries forward for additional investi
gation those sites that are apparently suitable. After one or more sites have been 
analysed and selected and the operational phase has been reached, it is important 
that site evaluation studies be continued to  determine whether the original 
analyses were correct and whether interactions between the natural conditions of 
the proposed site and man-made alterations due to trenching and emplacement 
of waste have caused unexpected and undesirable changes in site performance.

4.2.1. Area survey

On initiation of the process a team of specialists identifies general areas 
where repositories are desired and proceeds with a cursory evaluation of the 
hydrogeological and environmental conditions of those areas, on the basis of 
general considerations and documented and personal knowledge. From these 
considerations numerous areas for potential repositories are identified for 
further study.

4.2.2. Preliminary site selection

After potential areas or candidate sites are identified, the next phase is 
entered, one of investigating, screening and accepting or rejecting these areas or
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potential sites. At least three levels of investigation are visualized, i.e. map/ 
literature review, field reconnaissance, and detailed site analysis. Each level is 
intended to reject the clearly unsuitable sites and to pass the remaining candidates 
on to the next investigation level in an efficient, economical manner.

The factors to be investigated and evaluated (summarized in § 4.3) are 
generally the same for each level of investigation, but the intensity, detail and cost 
become progressively greater with each succeeding level. The screening should 
leave only the most promising sites, which will then require detailed analysis.
Some o f these sites may well be more acceptable than others, for reasons other 
than those discussed herein, such as cost effectiveness, public acceptance, etc.

It must be emphasized that the preliminary site selection phase, when carried 
through to detailed site analyses, will probably be both costly and time consuming, 
but these investments are necessary to ensure the selection of the most suitable 
sites. The investigators must try to minimize the possibility of error by repeating 
the evaluation process to further refine the analysis, i.e. making a tentative selec
tion through map/literature review, preliminary reconnaissance and intermediate 
reconnaissance, and then investigating the same factors in more detail in a detailed 
site analysis. It might be appropriate to consider the end of this phase as one of 
final site selection, because the intensive investigations required here would be 
carried out only for the most promising sites.

4.2.3. Site confirmation

To be consistent with the recommendations of the International Commission 
on Radiological Protection presented in ICRP Publication No.26, the final phase 
in site selection ideally involves an optimization of the radiation protection 
afforded using cost/benefit analysis. A prerequisite for the cost/benefit analysis 
is the calculation of the collective radiation doses that would be expected from 
use of the site for waste disposal. For each site, these collective doses are used in 
the optimization procedure to determine the engineering improvements that should 
be applied.

Information that will generally be needed to perform the type of analysis 
recommended by the ICRP includes:

(a) The retention and leaching characteristics, and costs, of the waste form(s) 
and conditioning option(s) chosen

(b) The degree of protection from water, including reduction in potential for 
radionuclide migration from the waste, which is afforded by physical features 
and engineering structures at a site, and the costs of these

(c) A detailed evaluation of the geology, hydrology and ecology of the site, 
sufficient to understand the pathways for the transport of radionuclides 
from the site and to estimate where and in what quantities they may be 
released
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(d) Analytical methods or models (taking into account the interaction of the 
hydrogeology and ecology of the site, the wastes, the physical features and 
the engineering structures) for predicting the activities of radionuclides 
leaving the site and their impacts in terms of collective doses.

For further details the reader is referred to ICRP Publication No.26 and to three 
IAEA publications [2—4].

4.3. SITE SELECTION FACTORS

A promising site for a waste repository can generally be initially selected 
through consideration of four fundamental factors, in sufficient detail to allow the 
decision to be made to commit resources for a detailed investigation of the site. 
These factors are: 

hydrogeology 
ecology 
land use/status 
socio-economics.

The first two factors provide descriptions of natural environmental conditions 
that are relatively stable, whereas the latter two are more transient in nature 
because they can be changed through legislation, regulation, or changes in life 
style. In the suggested approach for selecting a site as outlined herein, the hydro- 
geological and ecological factors are emphasized first, but not to the exclusion of 
some attention to land use/status and socio-economic considerations. Emphasis 
on the latter factors is deferred until a site has been determined to be physically 
suitable, although it is desirable to consider these points to a certain degree during 
the entire site selection process. The above four factors should be considered 
during each phase of investigation.

Consideration of these factors can be very useful for: (a) identifying sites 
which are worth investigating further, (b) recognizing critical parameters which 
could limit or prohibit the use of a site, and (c) indicating the need for specific 
engineering and construction. However, it should be recognized that certain 
factors are more important than others. The factors can be classified, in general, 
on the basis of their estimated importance in causing a release of radionuclides 
from the waste, in reducing the retention capability of the site, or in hastening 
the contact of the waste with man and the environment. It is believed that the 
highest ranking should be given to water and its potential to contact the wastes. 
Physical isolation of the wastes by distance from man and water is believed to be 
the next most important factor. Factors which could alter the conditions at the 
repository, add to the complexity of the site hydrogeology, or affect the charac
teristics of the disposal medium are believed to rank third. Included also but 
ranked last are less important factors which still should be known about a site.
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Since there are no accepted criteria to quantify these factors, a qualitative rating 
usually has to be used.

4.3.1. Hydrogeological factors

The important hydrogeological considerations deal with the availability, 
location and movement o f water; the properties of the disposal medium and 
underlying strata; and processes which could disrupt the site, introduce water to 
the waste, expose the waste, or otherwise return the waste to the environment 
and man. Their possible relative importance in the suggested investigation phases 
is shown in Table I.

4.3.2. Ecological factors

A consideration of the ecological factors is necessary for the investigator in 
order to:

(a) predict environmental impacts caused by the establishment and operation
of a repository, in terms of the biological, chemical and physical components

(b) assess the potential effects (both adverse and beneficial) caused by the 
disposal of materials at the site, by displacements arising from the disposal 
activity, and by other changes from previous conditions within the site area 
and in the surrounding areas

(c) evaluate the relative significance of such changes and effects on the ecology 
as an aid in site selection.

The presence of rare or unique species or ecosystems also could affect the selec
tion or rejection of a particular site.

4.3.3. Land use and status factors

The past, present and potential future use o f land should be investigated so 
that the compatibility with the requirements for disposal of radioactive wastes 
can be ascertained. The more important considerations include the following 
factors: (a) transport systems, (b) water resource management, (c) potential 
mineral resources, mining claims and operations, (d) agriculture, (e) outdoor 
recreation, (f) especially designated areas and those of special interest, and
(g) Government land use plans, zoning and encumbrances (e.g. rights of way, 
easements, etc.).

4.3.4. Socio-economic factors

The factors relating to the social and economic aspects o f shallow ground 
disposal are frequently difficult to measure or quantify, but they are important
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TABLE I. HYDROGEOLOGICAL CONSIDERATIONS IN SITE SELECTION

M AP/LITERATURE REVIEW

Geology
Topography
Precipitation
Evapotranspiration
Nearest surface w ater
Nearest w ater use o r discharge point

FIELD RECONNAISSANCE

Preliminary

Type of disposal media 
Prevailing wind direction 
Relief 
Subsidence 
Slope stability 
Flooding potential 
Erosion potential 
D epth to  w ater table 
D epth to  fractured bedrock

DETAILED SITE ANALYSIS

Three-dim ensional head distribution 
Disposal m edia and underlying site geology (including nearest confined aquifer) 

W ater chem istry 
Stratigraphy 
Ion  exchange capacity 
M oisture con ten t of unsaturated  zone 
Soil m oisture tension 
Transmissibility 

N atural fluctuation  o f w ater table 
Flow  data  for nearest stream s including underflow  
W ater table con tour map
Possible m easures fo r groundw ater m anipulation

Interm ediate

Existing geological faults 
Disposal media 

Sorption  capacity 
Thickness
Engineering properties 
Perm eability 
Effective porosity 
S tructure 

Hydraulic gradients 
Hydrological budget 
Hydrological com plexity 
A dequate w ater supply 
M onitorability 
Rem ediability
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and can be decisive aspects of the site selection process. The more important 
considerations include the following factors: (a) proximity to sources of waste,
(b) adequacy of transport systems, (c) resources foregone by the commitment of 
land to waste disposal, (d) population density, (e) ownership and use of the land,
(f) impact upon the community (e.g. employment), and (g) political constraints 
(including public acceptance).

5. WASTE CHARACTERISTICS

5.1. GENERAL CONSIDERATIONS

Shallow ground disposal is generally acceptable for solid and solidified 
radioactive waste containing limited amounts of radionuclides and toxic chemicals. 
For each repository it will be necessary for the national regulatory authority to 
perform detailed studies to establish appropriate limits.

Radioactive wastes are of different physical and chemical forms and contain 
variable amounts of individual radionuclides with different half-lives and toxicities, 
as well as non-radioactive components with degradable or non-degradable proper
ties. Some o f these characteristics prevent the direct disposal of wastes in the 
form in which they originate, or limit their acceptability for shallow ground 
disposal, for instance: liquid content of concentrates and sludges, and liquids 
sorbed on solids; non-degradability of toxic chemicals; undesirability of degrada
tion products; high inflammability; explosiveness; pyrophoricity; low flash 
point, etc.

The desirable waste properties include:

(a) Sufficient compatibility of the waste and the surrounding medium at the 
repository site

(b) Sufficient chemical, mechanical, biological, thermal and radiation stability
(c) Low specific surface area with low leaching rate of radionuclides
(d) Solid form with low dispersability
(e) Low content of non-degradable toxic chemicals.

Not all desirable properties listed above need to be met by all categories of waste 
if the site characteristics or special engineering actions compensate for their 
absence.

The repository capacity could be limited by high-volume, low-speciflc- 
activity wastes, such as from decommissioning of facilities and the removal of 
contaminated soil. These wastes should be considered for disposal at some special
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location, rather than be allowed to use up space in repositories capable of meeting 
the requirements for disposal of wastes with higher specific activities.

Waste materials not originally meeting the requirements for acceptance at a 
repository site may be made acceptable by suitable conditioning and/or packaging. 
Conditioning and packaging also improve the safety of the disposal operation.

5.2. ACCEPTABILITY OF WASTES

In shallow ground disposal it is important to evaluate not only the merits and 
the shortcomings of the repository site but also to determine the relevant properties 
of wastes. These mainly depend upon the radiological properties and chemical 
toxicity o f the waste and upon the mobility of the contained radionuclides. An 
evaluation of the radiological hazard from a waste material which may be 
acceptable for a repository must be made by considering the radiotoxicity, half- 
life and activities of the radionuclides as well as their mobilities along the potential 
environmental pathways to man. Also, if the wastes contain small amounts of 
fissile material the regulatory authorities should consider the possibility of nuclear 
criticality arising from the migration and subsequent reconcentration of such 
nuclides.

In an evaluation of the chemical toxicity a distinction should be made 
between degradable and non-degradable toxic chemicals. Degradable toxic 
chemicals can be treated in a fashion similar to the treatment of radioactive 
materials, but for non-degradable toxic chemicals further special restrictions of the 
quantities to be deposited may have to be made at the time of disposal.

The mobility of radionuclides depends upon their leachability and upon the 
sorption and desorption properties of rock or soil through which they move. The 
worst case is one where highest toxicity and longest half-life are combined with 
highest mobility, and the most favourable case is one where lowest toxicity and 
shortest half-life are combined with lowest mobility. Ideally, the radionuclides 
in waste material should not be readily dispersible. It follows that concentrates, 
sludges and liquids absorbed on certain materials should be treated by suitable 
solidification techniques to transform them into solid material from which radio
nuclides cannot be easily eluted, or else special engineered containment methods 
will be required at the repository.

The properties of wastes acceptable for shallow ground disposal are summarized 
below.

5.2.1. Radionuclide content of wastes

The basic radiological limitations on the acceptability o f wastes for shallow 
ground disposal are the specific activities and total quantities of radionuclides
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contained in wastes that can be disposed of in a specific repository. A rational 
approach to establish these limits can be based on the following considerations:

(a) There are certain wastes which, because of their low content of radionuclides, 
pose a negligible radiological hazard. They can be disposed of without any 
need for continued surveillance.

(b) Other radioactive wastes require isolation from the human environment 
until the activities of the wastes have decayed to acceptable levels.

(c) If administrative controls are an integral part of the waste isolation system, 
as in the case of shallow ground disposal, the waste should decay to 
acceptable activity levels within a period of time for which such administra
tive controls can be reasonably expected to  continue.

Both the time period over which administrative controls can be expected to 
continue and the activity levels and quantities of radionuclides that may be 
considered acceptable should be quantitatively defined for the application of 
this approach. The definition of these limits is undoubtedly a difficult task that 
will need to be undertaken by the national regulatory authorities, possibly with 
the assistance of international organizations. After these two parameters have 
been fixed, it becomes possible, knowing the ‘half-life’ of the waste, to determine 
the limits for wastes that are acceptable for shallow ground disposal in a specific 
repository.

5.2.2. Physical properties of wastes

(a) Solid  form . Wastes accepted for shallow ground disposal should be in a solid
form. If the original waste is liquid, it should be absorbed or treated in such
a way that it is equivalent to a solid form with low leachability.

(b) D ensity. High density of the waste is important because a compact mass, 
without voids, will entail low mobility of the material and have a small 
specific surface area for leaching. High density of the waste also saves space.

(c) Therm al stability . The waste should be resistant to degradation by heat, 
generated after disposal or from external sources.

(d) Packaging. To simplify the transport, handling and disposal of wastes, the 
weight, volume, shape and dimensions of all packages should be compatible 
with the planned handling during operations.

(e) M echanical stability . The waste and its container(s) should have sufficient 
mechanical strength to keep their shapes and withstand rough handling.

(f) L o w  dispersability. To avoid surface contamination and the spread of 
radioactive material during handling and disposal, the wastes should preferably 
have little or no dust content, and steps should be taken to reduce the 
possibility of lightweight material (e.g. contaminated polyethylene and paper) 
being blown away.
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(g) Surface radioactivity. Any radioactivity emanating from wastes should be 
shielded off, if necessary, to maintain the exposure rates below the limits 
established by radiation protection rules.

5.2.3. Chemical properties of wastes

(a) Chemical stability. Waste should not contain strong oxidants, corrosive 
agents or violently unstable chemicals. If organic compounds or combustible 
materials are present, special care must be taken to prevent fires and 
explosions.

(b) Chemical com patib ility . Consideration should be given to possible future 
chemical changes in disposed waste which might increase the mobility of 
radionuclides.

(c) C om plexing agents. The content of stable complexing agents, such as are 
used in decontamination, which may increase the mobility of radionuclides 
by interfering with sorption processes, should be limited.

5.2.4. Special considerations

Shallow ground disposal of some radioactive wastes should be restricted or 
prohibited because of the non-radiological hazards which they present.
Examples are:

putrefiable materials — restricted 
wastes containing pathogenic materials -  restricted 
pyrophoric or explosive materials -  prohibited 
wastes containing organic inflammable products with low boiling point 

or flash-point near ambient temperature -  prohibited.

The regulatory authorities will need to identify materials in these categories and 
consider alternative means of dealing with them.

5.3. WASTE CONDITIONING

Some wastes are acceptable for shallow ground disposal in the form in which 
they are generated or transported to the repository site. On the other hand, it 
may sometimes be necessary to condition wastes to make them suitable for dis
posal, particularly those with relatively high activity levels, high mobility o f 
certain radioisotopes or unacceptable amounts of combustible or toxic materials. 
It may also be advisable to reduce the volume of wastes for economic reasons and 
to package them specially in order to protect both workers and the public.
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5.3.1. Volume reduction

Large volumes of combustible and non-combustible wastes, which usually 
contain very low radioactivity, arise from normal operations at nuclear and other 
installations. The volume could be reduced to a small fraction by incineration 
or compaction, the economic advantages of which should be evaluated. However, 
it is necessary to take into account the radiation doses (to workers and the public) 
that might arise from volume reduction processes. In an incineration process, the 
combustible part of the waste is burned, usually at temperatures of about 1000°C. 
In a well-designed and regulated incinerator the greater part of the non-volatile 
radionuclides is retained in the ashes. (The combustion gases are scrubbed and 
filtered before release to the atmosphere.) The process offers not only a reduction 
in the waste volume for disposal but also, combined with ash conditioning, a 
stable end-product.

Compaction is a commonly used method of volume reduction for compressible 
wastes which also gives an end-product that is mechanically more stable. Apart 
from adequate ventilation of the compactor rooms, protection against explosions 
and fire hazards must be provided, as must equipment for collecting any radio
active liquids resulting from compression.

5.3.2. Immobilization and packaging

Solidification or immobilization and packaging of wastes, if required, are 
normally carried out before transport to the repository site. However, in cases 
where waste producers do not have suitable facilities, these might appropriately 
be located at the repository site.

A variety of methods for immobilization have been used or are under 
consideration, e.g.:

mixing with concrete, possibly followed by polymer impregnation
mixing with bitumen
use of thermosetting or thermoplastic resin, etc.

For some wastes disposal may be acceptable without separate packaging, but 
proper packaging (e.g. in drums or boxes) will usually improve the safety of the 
disposal system. In most cases, packaging will be required to  provide safety 
during transportation of the waste to the repository site and during its emplace
ment and burial. The packaging material and its design should have the same 
desirable characteristics as listed above for the waste form itself. Stable and long- 
lasting packaging of the solid waste form will further enhance the desired proper
ties of the waste disposal system.
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5.3.3. Interim storage

Radioactive decay during interim storage can be regarded as a form of treat
ment for radioactive wastes of relatively short half-life (see § 6.4.3).

6. REPOSITORY DESIGN

6.1. BASIC PRINCIPLES

Repository facilities must be designed in such a way that the operating 
personnel and the public in general are adequately protected at all times from 
radiological hazards arising during normal operation as well as abnormal operation 
and in accident situations. It is intended that radionuclides be confined for a 
period o f time such that their subsequent return to the human environment will 
not result in undue exposure of man.

In general, primary reliance should be placed on the natural protection 
offered by the selected site. An ideal site is not always available, and appropriate 
measures such as additional barriers (conditioning of wastes, engineered struc
tures, etc.) can be used to provide additional assurance that any detriment to the 
environment is within acceptable limits.

Usually the primary task at a repository site is to handle the waste received 
and place it in the repository. However, when waste is produced by a large 
number of small waste producers, it may be advantageous to condition the wastes 
at the repository site before disposal. This approach is typical for solid wastes, 
for which, depending upon economic evaluation, compaction or incineration may 
be used. This applies also to solidification of concentrates in some situations.

6.2. SITE CHARACTERISTICS

The characteristics of the site selected for the disposal of radioactive waste 
should offer assurance of adequate capability to confine the radionuclides, pre
venting them from being released to the human environment in unacceptable 
amounts. Several mechanisms o f release are listed in Section 4.1. The suitability 
of a given site is dependent primarily upon the extent of its capability to control 
the release of radionuclides by these mechanisms, and safety assessment studies 
are necessary to determine this capability. (See Ref. [4].)
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6.3. ENGINEERED METHODS TO IMPROVE RADIONUCLIDE RETENTION 
CHARACTERISTICS

Water is the main potential transport medium for radionuclides. Thus, the 
control of surface waters and groundwater at the site is of great importance. 
Engineered methods or structures should be used to keep the possibility of 
infiltration of rain and surface water to a minimum; a good drainage system must 
be provided. The system should ensure efficient and rapid removal of precipitation 
waters and prevent flooding and erosion.

Waterproofing of the repository is not needed when the site is located in 
a zone o f arid climate. Here the soil around the repository is normally at a signi
ficantly higher elevation than the water table, and the evapotranspiration rate of 
atmospheric precipitation is greater than the rate of infiltration through the 
covering layers. For a repository located in a humid environment, waterproofing 
may not be necessary if the sorption properties of the medium retard the movement 
of radionuclides to the extent that when they reach the water table their activities 
have decayed to acceptable levels.

When waterproofing is necessary, it may be done with natural or synthetic 
materials having low permeability and sufficient sorption capacity. It is preferable 
to avoid surface water and rainwater infiltration into the repository rather than to 
attempt to prevent water that has percolated through the repository from entering 
the water table.

The design of routine operations, as well as waterproofing, should take into 
account the experience made at other shallow ground repositories regarding: 

backfilling and compacting 
effective thickness and type(s) of cover
surface treatment to resist erosion and prevent particulate releases via gases 

or evapotranspiration 
measures to prevent accumulation of water in repositories 
diversion of surface water.

6.4. FACILITIES

It is desirable to make a preliminary inventory of the waste likely to be 
received and to use this basic information when designing the facilities required 
for a repository site. Facility design should especially take into account the 
radiation exposure and contamination hazards.

During handling operations, the main hazard to personnel will usually be 
exposure to external radiation, although under some accident circumstances 
inhalation may become a serious hazard. Accordingly, there will be a need for 
constant adaptation to the different types of waste received, and a wide range of
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handling equipment may have to be provided for this purpose. From the earliest 
stage of repository site design, access roads and paths must be laid out in a way 
which facilitates easy movement of essential equipment. Fire fighting facilities 
may be needed at repository sites, and adequate amounts of water must be 
available for such use; drainage (and, if necessary, storage before release) must be 
adequate.to cope with the volume of water.

6.4.1. Receipt of waste

The repository site should be divided into a zone kept uncontaminated, with 
free access of personnel, and a zone for handling and disposal of wastes where 
access is controlled.

A waste reception and storage area should be situated on the boundary 
between these two zones. In this area, transport vehicles and packages should be 
checked (for dose rate, surface contamination, accuracy of documents, etc.) and 
the waste consignments unloaded and individually verified. After this, handling 
equipment belonging to the site, which does not leave the limited-access zone, 
should take the waste either for immediate disposal or for storage pending treat
ment, conditioning or any other operations that may be necessary. The reception 
area might include the following:

a warning system indicating any abnormally high dose rate
a cell for receiving damaged containers for repackaging
a facility for decontaminating transport equipment and for handling liquids.

6.4.2. Disposal of waste

Repositories or structures for waste disposal may be of two types:

(a) above the original ground, e.g. earth-covered mounds; and/or
(b) beneath the ground, e.g. trenches, pits or wells.

The designs of structures at a repository site should take into account the 
prevailing geological, hydrogeological and climatic conditions. It may be necessary 
to provide several different types of structures. The designs should also consider 
operational plans to limit personnel exposure and provide for prompt remedial 
action in the case of an incident (for example, flooding o f a trench). Experience 
shows that it is impossible to foresee all the types of waste that will be received.
It may be useful to reserve space for the segregated disposal of different kinds of 
waste, such as radiation sources, waste with higher radiation levels, bulky wastes 
and so on.

In humid locations, it is particularly important to pay attention to surface 
water flow, both inside and outside the repository. For earth-covered repositories 
above the original ground surface, surface water that may have percolated through
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disposed waste must be directed to drainage installations in order to ensure that all 
released waters pass through collection points where continuous monitoring can 
detect the radioactivity and indicate the need for corrective action in the reposi
tory. For structures below the ground, methods of controlling the flow of surface 
water must be designed; for example, trenches might be covered with natural 
materials of low permeability, shaped with a slight slope to direct the flow away 
from the trench.

6.4.3. Interim storage facilities

Special facilities may also be desirable for short-term, interim storage before 
disposal of high-activity waste that requires careful shielding but contains mainly 
short-lived radionuclides. Consideration must be given to the advantage of 
interim storage for decay over immediate disposal, in order to assess which option 
results in the lower overall risk. An interim storage installation must be designed 
to accept the storage containers and the transport vehicles that will be used.

6.4.4. Laboratory facilities

Laboratory capability must be conveniently available to carry out routine 
analyses of water, soil, air and vegetation samples. Normally, the minimum 
requirement will be analyses of the total alpha, beta, gamma and tritium activities. 
When an abnormal contamination level is detected, further analyses must be 
carried out to determine the nuclides that have been dispersed. It may be more 
economical to arrange for these more specific and less frequent analyses to be 
carried out in specialized off-site laboratories. The need to have the capability 
to analyse and identify other materials arising from the waste matrices should also 
be considered.

6.4.5. Miscellaneous facilities

Other facilities required at the repository site can be designed following 
standard practices used at other nuclear facilities. Their functions might include:

(a) Waste conditioning, if required (see § 5.3)
(b) Change of clothing, personnel decontamination, shelter, etc.
(c) Personnel and environmental monitoring
(d) Checking and repair of monitoring and other instrumentation and handling 

equipment
(e) Decontamination of equipment used in the limited-access zone and handling 

of liquids from that operation (consideration should also be given to the 
possible need to handle liquids arising from other operations, e.g. fire 
fighting)
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(f) Provision of physical security, fencing and other methods of access control
(g) Fire detection and fire fighting
(h) Emergency medical treatment
(i) Administrative activities (outside the limited-access zone).

7. OPERATION OF REPOSITORIES

7.1. GENERAL CONSIDERATIONS

One objective of this section is to indicate the major steps that are usually 
involved in the operation of a shallow ground repository. It is recognized that, 
subject to the licensing requirements of different countries and the operational 
scope of each repository, some of the steps indicated here may not always be 
applicable. Another objective of this section is to mention the types of 
responsibilities that may be made mandatory for the repository operator and the 
implementing organization. The importance of off-site monitoring during the 
operation of a shallow ground repository is emphasized, although in some cases 
the responsibility for carrying this out may not rest with the operator. It is 
considered necessary that, besides the normal operational requirements, the 
operator should also have an approved plan of action to meet with contingencies, 
e.g. remedial actions to arrest the accidental release of radionuclides outside the 
confines o f the repository site (see § 7.4).

An operator of a shallow ground repository will have to ensure that radiation 
exposure of personnel is maintained within safe limits (see other IAEA Safety 
Series publications [5 -7 ] and ICRP Publication No.26) and also that general non
radio logical safety on site is properly maintained.

7.2. MAJOR STEPS IN REPOSITORY OPERATIONS

7.2.1. Receipt of waste

When waste packages are received at the repository site, it is very important 
to make sure that all relevant data about the waste consignment are confirmed by 
physical verification and, where possible, radiological measurements. Care is 
needed, since any discrepancy could possibly lead to an unsafe situation. To 
achieve the required data confirmation, the type and format of the shipping 
documents that must accompany the waste consignments to a repository should 
be carefully chosen by the regulatory authority. (The primary responsibility for
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documenting all the necessary data regarding wastes sent for disposal should, 
however, rest with the waste producer.)

7.2.2. Waste handling and interim storage

Adequate handling equipment, such as cranes, forklifts, remote grapplers and 
so on, must be available at the repository site. Preferably, waste conditioning 
should be completed before delivery to the repository site (see § 5.3.2), but under 
some circumstances it may be necessary to have facilities for segregating different 
types of wastes that need to be further handled and/or treated in different ways. 
For example, it may be required to separate combustible wastes from the rest if 
incineration at the repository site is desired for volume reduction. Sufficient 
storage space must also be available for wastes in transit, pending further treatment, 
packaging and/or disposal. Provision must also exist for decontamination of all 
equipment and waste handling and storage areas. Hazards from a fire in the waste 
handling, storage and treatment areas must also be considered and the necessary 
protective devices installed.

7.2.3. On-site waste conditioning

As discussed in Section 5.3, for wastes that cannot be directly disposed of, 
methods of volume reduction like compaction or incineration can be used before 
immobilization in an adequate matrix (concrete, bitumen, thermosetting resins, 
etc.). Immobilization can be done on site, either before disposal or by in-situ 
solidification in an engineered repository structure. Also, the packaging may be 
unacceptable or packaging may be required before the waste can be placed in the 
repository. Thus, some or all of these conditioning processes might be performed 
at the repository site.

7.2.4. Options for waste disposal methods and disposal operations

The waste disposal options that are likely to be available would be broadly 
subject to a number of factors, such as:

(a) National policies and regulations
(b) Environmental aspects (hydrogeology, climate, demography, etc.)
(c) Waste characteristics
(d) Economic considerations.

In some situations, waste may be disposed directly in the ground; only the 
natural site characteristics are then relied upon. In other situations, it may be 
necessary to enhance the retention capability of the site by:
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(a) placing some mineral/chemical barriers in the ground around the waste 
emplacement or

(b) using engineered barriers such as concrete trenches, steel-lined vaults, etc.

Such options should be based on a detailed analysis of the site-specific parameters 
which must have been carried out before obtaining an operating licence.

The disposal operations involve handling of waste packages, either as received 
or after conditioning at the repository site, and their emplacement in the 
repository. Waste emplacement should be done in such a way that:

(a) subsequent emplacements are possible with ease of operation
(b) proper recording of the location of each waste shipment is possible
(c) the radiation exposure rate on the external surface of the repository does 

not exceed any limit prescribed in the operating licence.

7.2.5. Documentation of waste disposal

Correct and complete documentation of disposal operations must be main
tained by the repository operator. Records indicating the date and location of 
disposal and at least a minimum amount of relevant data for the wastes disposed 
(e.g. serial number of package, source or origin, principal radionuclides present 
in the package, radioactivity in both total quantity and level, radiation exposure 
rate, volume and weight of wastes) must be made and kept at more than one 
place. It is necessary to have drawings or maps which can be used with the 
records to identify the location of waste shipments that have been placed in a 
repository.

7.2.6. On-site monitoring

Confirmation o f radionuclide confinement and personnel protection require 
on-site monitoring of environmental samples and other measurements, as indicated 
below. By means of conditions set down in the operating licence, the repository 
operator should be made responsible for such measurements.

The environmental samples to be collected and measurements to be made 
on a routine basis at the repository site include the following:

(a) Surface contamination and groundwater samples
Monitoring of surface run-off water is of particular significance in situations 

where a mound is used for a repository, in view of the possible percolation 
of precipitation through the wastes.

Percolation of precipitation through an underground repository or unexpected 
fluctuations in the water table could lead to migration of radionuclides 
into the groundwater. Routine monitoring of the groundwater should be 
made in a grid pattern determined by hydrogeological conditions.

25

This publication is no longer valid 
Please see http://www-ns.iaea.org/standards/



Groundwater in the vicinity of the repository should be sampled in order 
to give an early indication of contamination. Water-level measurements 
at these locations would determine whether the water table has remained 
well below the bottom of the repository. The early detection of any 
migration of radionuclides may allow corrective actions to be taken 
before radioactivity is detected in other environmental samples.

Frequent monitoring for surface contamination is necessary to detect the 
radioactivity that might be carried off the site by wind and run-off water.

(b) So il sam ples fr o m  the surface and  a t relevant dep th s
These can give an early indication of undesirable radionuclide migration.

(c) Sam ples o f  vegetation
Deposition of airborne contamination and plant uptake of subsurface 

contamination can be detected in these samples.

(d) A ir sam ples co llected  fro m  d iffe re n t relevant locations
These samples can be used to detect contamination from particulate radio

activity in the air or the release of gaseous radioactivity due to reactions 
of organics in the waste. Contamination of air due to tritium is also a 
possibility.

(e) R adia tion  m onitoring
The external radiation levels in the immediate working area o f the repository 

should be measured during emplacement operations and whenever 
personnel occupy the working area. In addition, the procedures generally 
applied in occupational radiation protection monitoring (i.e. personnel 
monitoring and routine monitoring of the working area) should be followed.

In addition, the top cover of the repository should be regularly inspected in order
to detect deterioration or subsidence.

7.2.7. Operational limits

It is expected that the operating licence issued by the regulatory authority 
specifies as licence provisions, both qualitatively and quantitatively, the limits and 
constraints for all major operations. The provisions would depend on the results 
of the investigations carried out for site selection and on national/international 
regulations pertaining to radiological safety. It would be obligatory on the part 
of the repository operator to comply with these provisions of the operating 
licence; any planned deviation from the set limits would need prior approval of 
the regulatory authority. Incidents or any inadvertent violation of licence 
provisions must be promptly reported to the regulatory authority.
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7.3. OFF-SITE SURVEILLANCE

The basic objectives of off-site environmental surveillance during operations 
are: (a) to detect radionuclides that have been inadvertently released to the 
environment from the repository site, and (b) to ensure that the site is performing 
as predicted or to get an indication of the need for corrective action. To be able to 
evaluate the results of the surveillance, baseline data must have been established 
before the commencement of radiological work on the site. Monitoring should be 
nuclide-specific and be evaluated by using activity ratios to identify the origin of 
the nuclides, i.e. from the repository site or from fallout.

7.3.1. Responsibilities

The regulatory authority should establish an off-site environmental surveillance 
programme for the site,on the basis of the planned use of the site, and should 
ensure that it is implemented. The actual implementation of the programme 
could be assumed by the authority or it could be made the responsibility of the 
operator. In the latter case, the regulatory authority should perform additional, 
independent confirmatory monitoring and measurements or use other means to 
ensure compliance. •

7.3.2. Monitoring strategy

An adequate programme will require monitoring of the radionuclide content 
of certain environmental components at designated monitoring stations. The 
number and location of monitoring stations will be dependent on local conditions 
and on the requirements of the regulatory authority.

In the pre-operational environmental impact analysis the various radio
nuclide pathways to man will have been identified, and the critical ones should be 
covered in the off-site surveillance programme. These potential pathways include:

(a) Airborne radioactivity from treatment facilities, if any, and from radioactive 
gases or resuspended particles from routine operations or incidents at the 
repository

(b) Waterborne radioactivity in groundwater or surface waters
(c) Soil, vegetation and wildlife.

Since water is possibly the most important radionuclide pathway, it should 
receive special attention.

Specific information on environmental monitoring can be found in ICRP 
publications and in Refs [8, 9]; they should be consulted for further guidance.
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7.3.3. Monitoring frequency

The frequency of monitoring may differ from site to site, depending on a 
number of factors, including the amount and nature of the radionuclides in the 
waste, the possible environmental pathways, hydrogeological characteristics of 
the site and potential uses of the off-site environment. Even some continuous 
monitoring methods may be used. Monitoring frequency and methods to be used 
for sampling and the type and sensitivity of analyses to be performed should be 
approved by the regulatory authority.

7.3.4. Reporting and evaluation of the programme

The results of environmental monitoring carried out by the operator should 
be reported on a regular basis to the regulatory authority; if any abnormal 
conditions are found, they should be reported immediately, in accord with the 
licence conditions (see § 7.4). The planning and results should be evaluated at 
least annually by the regulatory authority and the implementing organization.
On the basis of the evaluation, the regulatory authority should issue directions for 
any necessary corrections or additions to the ongoing environmental monitoring 
programme.

7.4. ABNORMAL SITUATIONS

7.4.1. Operational irregularities

The operator of a repository will need contingency plans for dealing with 
operational irregularities, such as consignments of waste arriving incorrectly 
documented or inadequately packaged. Also, provisions should be made for 
effectively managing other irregularities that might arise at a repository site, such 
as package failures, spillage of wastes and accidental releases of radioactive 
materials from the repository. The operator must be in a position to take prompt 
remedial action to prevent or minimize the spread of contamination and to 
reduce the radiological hazards to operating personnel and the off-site population.

In the case of radionuclide releases from a site, the operator has to know the 
extent and level of contamination and the process by which it is occurring. It 
will be necessary to perform monitoring and to take samples, and perhaps to 
make a map of the contamination for interpretation by specialists (health physicist, 
meteorologist, geologist, hydrologist, etc.), so that the origin of the incident can 
be determined and remedial action can be started.

If the opening of a repository is required, which involves the risk of releasing 
radionuclides, barriers must be set up to limit the contamination spread when the
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remedial action is being taken. In the soil, it may be possible to use physical, 
chemical or geochemical barriers. Contamination of the air can be avoided by 
performing the remedial action within a movable enclosure of some kind, e.g. an 
inflatable tent structure. Means of handling and conditioning of any material 
removed (i.e. earth, waste or other contaminated substance) must be studied in 
advance, and the remedial actions must be carefully planned. These actions may 
require the extensive use of radiological protection teams.

7.4.2. Environmental contamination

The regulatory authorities should prescribe action levels at which corrective 
action must be taken if there is evidence of abnormal contamination of the 
environment (see § 7.3). They should also give guidance about the type of action 
required should the action levels be exceeded.

It may not be necessary to re-evaluate the monitoring programme when 
radionuclide movement is first detected. However, if the action level is approached, 
a change in the monitoring frequency will probably be necessary.

When an abnormal situation is discovered or an accident has occurred at a site, 
the regulatory authority should establish a monitoring programme to be conducted. 
The plans ought to show equipment requirements and the types of efforts 
required. Special emergency action levels and contingency plans should also be 
established. Initial planning should be done before waste disposal operations 
commence.

8. SHUT-DOWN AND SURVEILLANCE 
OF REPOSITORIES

8.1. GENERAL CONSIDERATIONS

8.1.1. Post-operational controls

The criteria for radiation protection imply that during the site selection and 
design of the repository the radiological problems that may arise after shut-down 
are evaluated in the safety and environmental impact assessments. New data 
collected during the operational period should be used to refine these assessments.

The purpose of post-operational controls is primarily to ensure compliance 
with radiation protection requirements. This is evaluated through a suitable 
surveillance plan. It is important that complete records of the nature and location
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of the wastes in the repository be maintained, with particular emphasis on the 
inventory of important radionuclides as well as the chemical composition of the 
wastes.

Another purpose of post-operational controls is to ensure that intrusion into 
the repository is prevented during the time the wastes should remain isolated 
because of their chemical or radiological toxicity. Such controls also provide for 
the possibility of taking corrective action, should it be required.

The responsibilities for the site after shut-down must be clearly established, 
and the necessary funds for carrying out surveillance and corrective actions 
must be ensured.

8.1.2. Post-operational phases

After completion of waste disposal operations the site will have to be pro
tected from influences that could interfere with the isolation of the waste.
Intuitive reasoning suggests that protection of the site might be somewhat 
relaxed as the activity of the buried waste decreases and approaches the level for 
which control of the site is no longer required. The following phases can be 
identified:

(a) Immediately after shut-down it is unlikely that the site would be available 
for unrestricted re-use and the site remains sealed off; the only access is for 
the purpose of carrying out the required surveillance operations.

(b) Subsequently, after it has been verified that only a low hazard is associated 
with the waste, access to the site might be conceivable, provided that the 
waste is effectively covered and no digging or drilling takes place.

(c) At the end of the established period of administrative control of the site, 
the radioactivity of the waste should reach a level compatible with no 
radiation protection requirements. A programme of verification, if considered 
necessary, may be conducted to confirm that the activity levels are within 
the prescribed limits, after which the restrictions on the use of the site can be 
lifted.

8.1.3. Responsibilities

The responsibilities of the organizations involved in ensuring the safety of 
the site must be well defined for each of the different phases of the post-operational 
period.

In accordance with regulatory requirements, the separation o f responsibilities 
for the different activities and controls during the post-operational period may 
differ from country to country. It is recommended that the regulatory authority 
be not involved in any managerial capacity. The regulatory authority is responsible 
for surveillance, inspection and enforcement. These functions should be
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performed by public authorities, since continuity should be assured over the entire 
post-operational period. The implementing organization may manage and per
form some post-operational activities.

If changes in responsibilities become necessary, they should be clearly 
planned and the transfer o f responsibility by an organization should not become 
effective until the responsibility has been accepted by a new organization. Inter
vention by the regulatory authority would be required if a particular task were 
not carried out by the implementing organization.

8.1.4. Funding

The cost of post-operational activities should be evaluated before repository 
shut-down and a plan for their financing should be implemented. The plan should 
provide for routine maintenance and monitoring. Consideration should be given 
to the provision of funds for remedial actions, the costs of which might greatly 
exceed those anticipated.

To avoid any problem in financing post-operational activities, it is necessary 
to settle very clearly the financial arrangements during the operational period.
It is appropriate that the resources for payment of the costs be provided by the 
waste producers.

The plan and costs of post-operational activities should be re-estimated 
periodically, taking into account variations encountered during the operational 
period and additional information obtained concerning the performance of the 
site.

8.2. CONDITIONS FOR SHUT-DOWN OF THE REPOSITORY

The conditions that would require shut-down of the repository should be 
specified before starting operations. The conditions should be specified for both 
the planned shut-down and for any premature shut-down.

8.2.1. Planned shut-down

Normally, the repository is shut down when the authorized waste disposal 
space is filled or when a limit on total radioactivity is reached. These conditions 
should be specified during the site selection and development processes and in the 
provisions of the operating licence. Shut-down activities should commence 
immediately after it has been decided to close the repository and when routine 
disposal operations have ceased.
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8.2.2. Premature shut-down

The repository may need to be shut down prematurely if a non-correctable 
error is discovered in the design of the disposal system or in the selection of the 
site. A serious accident or natural disaster might also render the repository 
unsuitable for further waste disposal. The possibility that the repository will be 
shut down prematurely must be anticipated and a plan developed for such closure. 
The plan for premature shut-down should cover all reasonably foreseeable poten
tial problems and provide for their solution.

8.3. SURVEILLANCE

The term surveillance is used to cover all the activities needed to ensure the 
continued integrity of the repository site and includes such operations as 
monitoring, restriction of access, maintenance, keeping of records and possible 
remedial actions. The length of time during which there is a need for surveillance 
should not exceed the period for which it is reasonable to expect the continued 
existence of institutional controls. Surveillance should be under the control of the 
appropriate regulatory authority, and title to the land during the post-operational 
period should be vested in the Government.

8.3.1. Plans for surveillance

Plans for the surveillance to be conducted during the period of institutional 
control should be discussed before the commencement of repository operations. 
This will ensure that, where necessary, the design of the repository facilities 
provides for post-operational needs. Also, there should be enough flexibility to 
allow information and experience obtained during the operational phase to be 
incorporated in plans for post-operational surveillance.

Guidelines as to what should be contained in the surveillance plans should 
be formulated by the appropriate regulatory authority. The plans themselves 
should be compiled by the implementing organization and, to the extent required, 
the operator should be responsible for their introduction and implementation 
during the operational phase.

In general terms, the surveillance plans must be concerned with detecting 
the movement of unacceptable amounts of radioactive and other toxic materials 
from the site and must also ensure that unauthorized access to the site and the 
waste is prevented. In addition to being concerned with events that might 
reasonably be assumed to occur, such as leaching, the plans must attempt to 
account for events of lower probability such as exceptionally heavy rain, flood, 
fire and inadvertent or intentional intrusion. As appropriate, these considerations 
should also apply to the buffer zone associated with the repository site.
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The plans should therefore indicate the measures that will be taken to meet 
the expected occurrences outlined above and include monitoring arrangements 
and measures for physical security. It is also important that the plans outline 
what action should be taken in the event that the set action levels (see § 7.4.2) 
are exceeded. Such levels, based on radiation protection criteria and environmental 
parameters,, should be set by the regulatory authority.

During the period when the repository is operational, the operator should 
establish that the site is performing as predicted and that no unexpected releases 
from the repository site have occurred. Any unexpected changes should be 
recorded, such as fluctuations in the water table or changes in hydraulic head or 
contours of aquifers that have occurred since the evaluation performed during 
the site selection process. If significant changes occur or if the site does not 
perform as expected, the repository operator should promptly notify the regulatory 
authority to allow a re-evaluation of site performance based on the new information. 
In this evaluation the repository operator should either establish that the new 
conditions do not result in an unacceptable change in site performance, or identify, 
for approval by the regulatory authority, a programme of remedial actions that 
will restore the site to acceptable conditions. In the light of any such variations, 
there should be an automatic reappraisal of the post-operational plan.

8.3.2. Technical measures

The performance of a site in the post-operational period would be improved 
by incorporating the following technical measures into the repository operational 
procedures.

(a) Stabilization techniques. Suitable surface stabilization techniques should be 
implemented in order to minimize erosion and water infiltration, to  facilitate 
maintenance, and to protect the repository from burrowing animals. The 
most suitable form will depend on local conditions; some examples are: 
concrete covers, asphalt surfacing, clay caps with grading and re-vegetation. 
Any proposed stabilization method needs to be carefully evaluated to ensure 
that it provides the necessary protection and does not adversely affect 
groundwater characteristics.

(b) Demonstration period. During the operational period of the repository the 
operator should demonstrate that the procedures he proposes for stabilization 
and water management during the post-operational period will be adequate
to meet their intended purpose. The operator should watch the performance 
of the proposed design for a period of several years to observe whether 
erosion or any other deterioration leads to significant water infiltration or 
to other undesirable effects. If such deterioration does occur, the operator
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should determine its causes, propose a modified design and demonstrate 
its adequacy. If the costs of construction and maintenance are found to be 
higher than those considered at the time of licensing of the repository, the 
plan for financing of post-operational care should be modified. This might be 
reflected in higher waste disposal fees.

(c) Design o f  equipment. During the operational period of the repository the 
operator should establish procedures for accurately locating the waste. Bench
marks, suitably coded, should be unaffected by repository operation or 
climatic conditions that might be expected to occur during the operational 
and post-operational period. Facilities, for instance sampling stations and 
physical barriers for access control, should be designed to be maintenance- 
free and, whenever practicable, to function without replacement for the 
duration of the post-operational period. Experience gained in the maintenance 
of such facilities should be included in periodic re-evaluations of the plans
for post-operational care.

(d) Control o f  access. Measures are required to control the access of people, 
vehicles, foraging animals and, as necessary, wildlife to the site. These may 
include fencing, personnel control, monitoring systems, patrols, etc.

(e) Maintenance and testing. The post-operational surveillance programme should 
contain provisions for preventive maintenance and periodic testing of sampling 
facilities. Regular inspections of access control barriers should be made and 
any damage or deterioration promptly corrected.

8.3.3. Documentation

Records of the wastes (volumes, types and activities of radionuclides) and 
their locations — correlated with benchmarks — are essential for a long-term 
care programme, environmental surveillance and any corrective actions that may 
be necessary. Up-to-date records of all this information must be kept on site by 
the implementing organization. In addition, duplicate records should be kept in a 
separate location by the regulatory authority.

8.4. FUTURE USES OF THE SITE

After the agreed period of institutional control and the demonstration of an 
acceptably low hazard the repository site should not require continuation of 
surveillance or restricted access, since the wastes will have sufficiently decayed. 
Procedures and tests must be specified for confirming that the hazard associated 
with unrestricted use of the site is acceptable. Verification should confirm that 
no restriction for its re-use is justified.
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Even after the site has been declared suitable for unrestricted use, it might be 
desirable to continue a very general surveillance of the environment for some time. 
The regulatory authority will have to state in the licence how long this time 
should be.

It is possible that limited uses of the site may be allowable before the termi
nation of the expected period of institutional controls. In such a case, it would 
probably be necessary to restrict certain activities such as digging, well drilling or 
earth moving operations which might uncover the waste residues and cause a 
spreading of radionuclides, with subsequent exposure of the local population.
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Annex I

GLOSSARY OF TERMS USED

acceptable limit. Limit acceptable to the regulatory body.

ALARA. “As low as reasonably achievable, economic and social factors being 
taken into account” . A basic principle of radiation protection taken from 
the Recommendations of the ICRP, ICRP Publication No.26 (p.3).

authorized limit. Limit set by a national authority for a given radionuclide or 
source, or for a given environment.

barrier (natural or engineered). A feature which delays or prevents radionuclide 
migration from the waste and/or repository into its surroundings. An 
engineered barrier is a feature made by or altered by man; it may be part 
of the waste package or part of the repository.

buffer zone. A controlled area surrounding a nuclear installation (e.g. a waste 
repository) established to ensure an adequate distance between the 
installation and places used by or accessible to the public.

competent authority. A national authority designated or otherwise recognized 
as competent authority by the Government of a Member State for a specific 
purpose. (See also regulatory body.)

conditioning of waste. Those operations that transform waste into a form suitable 
for transport and/or storage and/or disposal. The operations include 
converting the waste to a more stable form, enclosing waste in containers, 
and providing additional packaging.

confinement (or isolation) of waste. The segregation of radionuclides from the 
human environment and the restriction of their release into that environment 
in unacceptable quantities or concentrations.

decay, radioactive. A spontaneous nuclear transformation in which particles or 
gamma radiation are emitted, or X radiation is emitted following orbital 
electron capture, or the nucleus undergoes spontaneous fission.

disposal. The emplacement of waste materials in a repository without the 
intention of retrieval.
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dose. A general term denoting the quantity of radiation or radiation energy 
absorbed by a medium. For specific usage, it must be appropriately 
qualified.

human environment. Those portions of the earth that are inhabited by humans 
or are readily accessible to them.

immobilization of waste. Conversion of a waste to a solid form that reduces the 
potential for migration or dispersion of radionuclides by natural processes 
during storage, transport and disposal.

implementing organization. The organization (and its contractors) that performs 
activities in order to select and investigate the suitability of a site for a nuclear 
facility, and that undertakes to design, construct, commission, operate and 
shut down such a facility.

inspection. Quality control actions which, by means of examination, observation 
or measurement, determine the conformance of materials, parts, components, 
systems, structures as well as processes and procedures to predetermined 
quality requirements.

intermediate-level waste (medium-level waste). Those wastes which, because of 
their radionuclide content, require shielding but need little or no provision 
for heat dissipation during their handling and transportation.

isolation of waste (see confinement of waste).

leaching, (i) Extraction of a soluble substance from a solid by a solvent with 
which the solid is in contact, (ii) The term is often used in waste 
management to describe the gradual erosion/dissolution, of emplaced solid 
waste or chemicals therefrom, or the removal of sorbed material from the 
surface of a solid or porous bed.

licence. Formal document issued by the regulatory body for major stages in the 
development of a nuclear facility defined by regulations permitting the 
holder (the implementing organization) to perform specified activities.

low-level waste. Those wastes which, because of their low radionuclide content, 
do not require shielding during normal handling and transportation.

operating organization. The organization authorized by the regulatory body to 
operate the nuclear facility.
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optimization. As used in radiation protection practice, the process of reducing 
the expected detriment from human radiation exposures, through use of 
protective measures, to as low as reasonably achievable (ALARA), economic 
and social factors being taken into account.

radionuclide migration. The movement of radionuclides through various media 
due to fluid flow and/or by diffusion.

regulatory authority or regulatory body. A national authority or system of 
authorities designated by the Government of a Member State as having the 
legal authority for conducting the licensing process, for issuing of licences 
and thereby for regulating the siting, design, construction, commissioning, 
operation, shut-down, decommissioning and subsequent control of nuclear 
facilities (e.g. waste repositories) or specific aspects thereof. This authority 
could be a body (existing or to be established) in the field of nuclear-related 
health and safety or mining safety or environmental protection, vested with 
such legal authority, or it could be the Government or a department of the 
Government.

repository. The underground facility into which the waste is emplaced for disposal.

repository system. The repository and all its supporting facilities.

risk. A measure of the deleterious effects that may be expected as a result of
waste disposal, traditionally quantified as the product of the probability and 
the consequence of the occurrence of an event or series of events. (In 
radiation protection, the term is normally used to indicate the sum of the 
probabilities of the deleterious effects that a given individual or population 
will incur as a result of a radiation dose.) However, the definition and 
quantification of the concept of ‘risk’ are being re-evaluated with regard to 
safety considerations.

safety analysis. The analysis and calculation of the hazards associated with the 
implementation of a proposed activity.

safety assessment. The comparison of the results of safety analyses with
acceptability criteria, its evaluation, and the resultant judgements made on 
the acceptability of the system assessed.

site. The area containing a nuclear installation (e.g. a waste repository) that is 
defined by a boundary and which is under effective control of the 
implementing organization.
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sorption. A broad term referring to reactions taking place within pores or on the 
surfaces of a solid. Its use avoids the problem of technical distinction 
between absorption and adsorption reactions. Absorption is generally used 
to refer to reactions taking place largely within the pores of solids, in which 
case the capacity of the solid to absorb is proportional to its volume. 
Adsorption refers to reactions taking place on solid surfaces, so that the 
capacity of a solid to adsorb is proportional to its effective surface area. An 
example of the latter is ion exchange, whereby ions occupying charged sites 
on the surface of the solid are displaced by ions from solution.

storage. The emplacement of waste in a facility, with the intent that it will be 
retrieved at a later time.

surveillance. Includes all planned activities performed to ensure that the 
conditions at a nuclear installation remain within the prescribed limits; 
it should detect in a timely manner any unsafe condition and the degradation 
of structures, systems and components which could at a later time result in 
an unsafe condition.

waste form. The physical and chemical form of the waste (e.g. liquid, in concrete, 
in glass, etc.) without its packaging.

waste management. All activities, administrative and operational, that are involved 
in the handling, treatment, conditioning, transportation, storage and disposal 
of waste.

waste package. The waste form and any container(s) and other engineered
barriers (e.g. absorber materials), as prepared for handling, transport, storage 
and/or disposal. A container may be a permanent part of the waste package 
or may be re-usable (e.g. shielding cask, shock absorbers, etc.) for any 
waste management step. The waste package may vary for the different steps 
in waste management.
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