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Abstract– This publication provides an update of the recommendations of the International 71 

Commission on Radiological Protection for the application of the fundamental radiological 72 

protection principles for the disposal of radioactive waste in a surface and near-surface 73 

disposal facility.  The goal of a surface or near-surface disposal system is to provide 74 

protection of humans and the environment from the hazards of radiation.  The application of 75 

the radiological protection system for a surface and near-surface disposal facility includes the 76 

justification of the practice generating the waste and is considered in the context of a planned 77 

exposure situation.  The design basis for the facility considers the potential for exposures to 78 

humans and the environment associated with its expected evolution.  Optimisation of 79 

protection is an iterative, systematic, and transparent evaluation of protective options for 80 

reducing impacts to humans and the environment.  Optimisation is essential throughout all 81 

life phases and is of particular importance in the design phase, as this will determine the 82 

performance of the facility in the operational and post-closure phases.  To deal with the far 83 

future and low probabilities scenarios optimisation has to be complemented by aspects such 84 

as robustness, defence in depth, etc., to provide assurance that reasonable steps have been 85 

taken to maintain the long-term integrity of the facility.  In case of severe natural disruptive 86 

events or human intrusion beyond the design basis, the application of the radiological 87 

protection system has to be considered with reference to emergency and/or existing exposure 88 

situations.  Due to the nature of the hazards and associated timescales, the fundamental 89 

strategy adopted for the disposal of low- and very-low-level radioactive waste is to: contain 90 

and isolate the waste until the short-lived radionuclides have decayed to levels that can no 91 

longer give rise to significant exposures; and limit the activity content of longer-lived 92 

radionuclides to ensure that doses and risk are also limited in the long-term, when 93 

containment and isolation capacities may be diminishing.  The successful implementation of 94 

this strategy is demonstrated through a structured safety case.  The specific options for a 95 

surface and near-surface disposal facility will depend upon the particular situation, including 96 

the nature of the waste, the local physical environment and the societal context.  Dialogue 97 

between the operator, regulator, and stakeholders should be established as early as possible in 98 

the process with the inclusion of ethical values to help contribute to promoting a shared 99 

understanding of the application of the radiological protection system. 100 

© 20YY ICRP. Published by SAGE.  101 

Keywords: Surface disposal; Near surface disposal; Radioactive waste; Ethical values; Life 102 

cycle; Design basis 103 

104 
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MAIN POINTS 105 

• The system of radiological protection is applied to the near-surface disposal of 106 

solid radioactive waste in the context of a planned exposure situation with 107 

appropriate considerations of the timeframes and related uncertainties.  Possible 108 

exposures to humans and the environment associated with the expected evolution 109 

of the near-surface disposal facility included in the design basis, are considered as 110 

planned exposure situation.  111 

• Optimisation of radiological protection is essential throughout all life phases of a 112 

near-surface disposal facility and is of particular importance in the design phase 113 

as this will determine the performance of the facility in the operational and post-114 

closure phases. 115 

• Optimisation of protection when applied to the development and implementation 116 

of a near-surface disposal system, has to be understood in the broadest sense as an 117 

iterative, systematic, and transparent evaluation of protective options for 118 

reducing impacts to humans and the environment. 119 

• Appropriate mechanisms for formal and structured dialogue between the 120 

regulator and operator and with stakeholders should be established as early as 121 

possible in the process.  The inclusion of ethical values in the dialogue is 122 

important and can be a useful at promoting a shared understanding. 123 

• The uncertainties associated with future exposures must consider both the 124 

magnitude and the likelihood of occurrence. Scenarios involving human intrusion 125 

require special consideration.  126 

127 
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1. INTRODUCTION 128 

1.1. Background 129 

(1) This report is written as a standalone presentation of how the 2007 ICRP system of 130 

radiological protection (ICRP, 2007) and subsequent guidance (ICRP, 2013, 2014a, 2018) 131 

should be applied to surface and near-surface disposal of solid radioactive waste.  For 132 

simplicity this report uses the term “near-surface” to include facilities both on the surface and 133 

those somewhat below grade, but near the surface, with the essential feature that the facility 134 

is in the biosphere.  It supersedes previous guidance on the topic (i.e. ICRP, 1985, 1997, 135 

1998).  It covers all issues related to radiological protection of humans and the environment 136 

during and following the near-surface disposal of solid radioactive waste, including the post-137 

closure phase. Although this report deals specifically with near-surface disposal of 138 

radioactive waste, many of the recommendations may influence the type of waste that can be 139 

disposed of at or near the surface and the decision making regarding its management before 140 

disposal.  141 

(2) In the context of the Commission’s recommendations, residual materials are 142 

designated as radioactive waste that need disposal when these materials cannot be recycled, 143 

reused or cleared from further control.  Radioactive waste contains radioactive substances of 144 

a nature and at levels that require appropriate consideration of radiological protection of 145 

people and the environment during its management. The final management solution for 146 

radioactive waste is disposal, meaning the emplacement of waste in a disposal facility 147 

without the intention of retrieval, although retrieval is not precluded.  Storage, as opposed to 148 

disposal, is considered to be the temporary holding of waste in a storage facility with the 149 

express intention of retrieval at a later stage for transport to, and emplacement in, a disposal 150 

facility.   151 

(3) Waste management means the whole sequence of operations starting with the 152 

generation of waste and ending with the withdrawal of regulatory control following 153 

authorized discharge, clearance or disposal of solid waste and is normally undertaken within 154 

the framework of a national policy and strategy. Figure 1 provides an illustration of the 155 

overall radioactive waste management path from the generation to the disposal of waste 156 

(NEA/RWM, 2016).  The whole system providing radiological protection for the waste 157 

management process needs to be optimized, not just the disposal facility.  On this point, the 158 

disposal facility is the technical installation with all its physical components, in essence what 159 

is operated.  The disposal system is conceptually broader and is the combination of the waste 160 

emplaced, the engineered barriers and the geology/environment, as they assure together the 161 

protection level required.  This is important because it is all those components together that 162 

assure the protection.  Optimisation should extend to considering each step of waste 163 

management such as processing and storage, transportation, and disposal options along with 164 

broader considerations such as centralised versus decentralised approaches (e.g. use of a 165 

common regional or national facility servicing many sources of waste or specific facilities for 166 

each source of waste). 167 



  DRAFT REPORT FOR CONSULTATION: DO NOT REFERENCE 
 

 6 

 168 
Fig. 1. Schematic of Radioactive Waste Management Path. 169 

(4) Management of radioactive waste involves a number of interdependent steps and 170 

activities and communication between different responsible parties and other stakeholders is 171 

an important part of this process.  Equally important is the transfer of information and 172 

experience in both directions.  Actions taken before disposal can influence the disposal 173 

options.  This is particularly true for waste potentially suitable for near-surface disposal, 174 

considering the variety of activities that generate waste that may be destined for such 175 

facilities.  Initially the radioactive waste is collected and characterised, then processed as part 176 

of predisposal management.  Processing of waste is generally undertaken to reduce its 177 

volume and/or to convert it to an inert and chemically stable form.  Waste is often stored both 178 

during and between the different management steps, the period of storage can be relatively 179 

short or can last for several decades. 180 

(5) Storage of radioactive waste with half-lives in the range from a few days to a few years 181 

can be useful to enable the radionuclide content to decay to the extent that the waste can be 182 

cleared from further radiological protection control measures.  Storage may also be necessary 183 

if suitable disposal facilities are not available, however, it is an interim step in radioactive 184 

waste management, with authorized discharge, clearance or disposal being the endpoint.  185 

Prolonged storage may eventually create safety and security concerns, as well as demand for 186 

resources that could be better spent on safe disposal.  Hence, policies governing radioactive 187 

waste management need to include plans for timely disposal.  188 

(6) All exposure situations (i.e. planned, existing, and emergency exposure situations) 189 

offer the prospect that waste may be generated.  The ICRP system of radiological protection 190 

would be applied in the context of the prevailing exposure situation in which the waste is 191 

being generated.  Nonetheless, the Commission recommends that the management of a near-192 

surface disposal facility largely follow the same principles and practices as those applicable 193 

for a planned exposure situation. 194 

(7) The application of the system of radiological protection for near-surface disposal of 195 

solid radioactive waste needs to be done with appropriate considerations of timeframes and 196 

uncertainties.  Estimates of dose and risk to individuals and populations, as well as the 197 

environment, will be subject to a range of uncertainties as a function of time, associated with 198 

future disposal facility evolution, surrounding environmental conditions, climate, social and 199 

economic conditions, and human habits and characteristics.  Furthermore, due to the time 200 

scales involved, verification that protection is being achieved cannot be carried out in the 201 

same manner as for an operating facility (e.g. for routine discharges from operating facilities).  202 

Additionally, it should be noted that while a disposal facility will continue to fulfil safety 203 

functions after its closure, it cannot definitively be assumed that effective mitigation 204 

measures will necessarily continue, should they be required in the future.  In view of the 205 
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uncertainty over the evolution of the facility and possible radiological impact, some aspects 206 

of the consequences in the future are viewed from the perspective of a potential exposure. 207 

(8) This report is focused on the ICRP system of radiological protection, which underpins 208 

the international framework for safety, using terminology and concepts that are compatible 209 

with that framework.  In order to foster coherence with the international framework for safety 210 

the report uses terminology and concepts that are consistent with that espoused in the Joint 211 

Convention on the Safety of Spent Fuel Management and the Safety of Radioactive Waste 212 

Management (IAEA, 1997) as well as the Safety Standards of the International Atomic 213 

Energy Agency (IAEA, 2006).  214 

1.2. Scope 215 

(9) This report deals with the radiological protection of people and the environment in 216 

accordance with the ICRP system of radiological protection outlined in Publication 103 217 

(ICRP, 2007), in the context of the disposal of solid radioactive waste in near-surface 218 

disposal facilities.  The recommendations given in this report apply to the design, 219 

construction, operational, closure and post-closure phases of disposal facilities.  They apply 220 

to planned facilities and to the transitioning from one phase to the next, but can also be 221 

applied retrospectively, i.e. to currently operating or closed facilities under institutional 222 

control.  They should be taken into account in the justification of practices generating waste 223 

and in the development of the national radioactive waste management policy and associated 224 

strategies.  225 

(10) This report focuses on the radiological protection issues associated with the disposal 226 

facility.  It does not consider predisposal management, including transportation and storage.  227 

Similarly, specific guidance on siting is not provided, although its importance for the 228 

protective capability of the facility is acknowledged and the recommendations of this report 229 

may influence site selection. 230 

(11) This report considers some aspects of the safety case and provides a description of 231 

how the system of radiological protection can inform the development of the safety case 232 

(Section 4).  A safety case is a structured set of arguments and evidence demonstrating that 233 

specific targets and criteria are met, during facility design, construction, operation, closure 234 

and in the post closure period of a near-surface disposal facility.  However, the overall safety 235 

of the facility depends on a wide range of issues and characteristics, including non-236 

radiological aspects of its siting, design and operation.  An integrated approach to all aspects 237 

of safety is recommended.   238 

1.3. Structure 239 

(12) Section 2 provides an overview of key radiological protection considerations in 240 

near-surface disposal of radioactive waste.  Section 3 describes the Commission’s system of 241 

radiological protection as it applies to the near-surface disposal of radioactive waste, 242 

including the ethical considerations, exposure situations, and the applications of the basic 243 

principles of the system of radiological protection with an emphasis on optimisation.  Section 244 

4 provides guidance on the implementation of the system of radiological protection at the 245 

various phases of the near-surface radioactive waste disposal facility.  Conclusions are 246 

provided in Section 5.  247 

248 
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2. OVERVIEW OF RADIOACTIVE WASTE AND NEAR-SURFACE 249 

DISPOSAL 250 

2.1. Generalities 251 

(13) Radioactive waste arises from a wide range of activities such as the use of 252 

radionuclides in hospitals and research laboratories; the use of radioactive materials in 253 

industrial processes; the production of electricity by nuclear power, operation of research 254 

reactors, radioisotope production, dismantling and decommissioning of nuclear facilities, 255 

decontamination activities from nuclear accidents, remediation activities from past practices 256 

and mining and minerals processing operations and other industrial processes.  Considerable 257 

amounts of radioactive waste have also been generated by military programmes. 258 

(14) Radioactive waste has a wide variety of characteristics and precise classification 259 

schemes vary between different regulatory regimes.  The IAEA document Classification of 260 

Radioactive Waste General Safety Guide No. GSG-1 (IAEA, 2009) provides a useful scheme 261 

that has six classes of waste from Exempt Waste (below concern from the radiological 262 

protection perspective) to High-Level Waste. These six classes of waste have broad ranges of 263 

characteristics that help determine generic disposal options, as illustrated in Figure 2.  Within 264 

this scheme the waste types most appropriate for near-surface disposal are low-level waste 265 

and very-low-level waste. 266 

(15) Low-level waste is that which is considered suitable for near-surface disposal and 267 

can have a range of activity concentrations from just above very-low-level waste to levels 268 

that require shielding and more robust containment and isolation for periods up to several 269 

hundred years (IAEA, 2009).  Similar to facilities for very-low-level waste, the range of 270 

design options for near-surface disposal facilities varies from simple to more complex ones 271 

and may involve disposal from the surface to depths of several tens of metres.  This depth 272 

range is not indicative only and is not precise.  Some types of waste that would be considered 273 

Intermediate Level Waste in other locations or for other disposal facility designs may be 274 

appropriate for near-surface disposal in specific circumstances.  A number of factors 275 

including the limits on the concentrations of long-lived radionuclides, use of engineered 276 

barriers, and depth of disposal all need to be considered in the design of a facility. 277 

(16) In addition to the volume and activity of the waste, the physical and chemical 278 

properties are important when assessing and selecting management and disposal options for 279 

different forms of waste.  Examples of waste types include disused sealed sources, 280 

consumables (e.g. paper, swipes, laboratory solid waste, etc.), filter media, activated 281 

components, and diffuse waste, such as remediation waste and tailings.  As part of 282 

developing a near-surface disposal facility, it may be possible to use processing options to 283 

modify the waste form to be more conducive to the expected long-term performance of the 284 

disposal facility. 285 

(17)  From a radiological protection point of view, the radionuclides of primary 286 

importance can be different between the operational phase of the disposal facility and its 287 

post-closure phase.  Short-lived radionuclides, which for purposes of waste disposal are 288 

generally considered to be radionuclides with less than a 30-year half-life, are expected to be 289 

isolated and contained from the environment while they decay sufficiently, however, many 290 

radionuclides in this category are of primary importance to worker protection, particularly 291 

those that emit gamma radiation.  Conversely, long-lived radionuclides, those with a half-life 292 

greater than 30 years that are weak-beta or alpha emitters, can still be a hazard in the long 293 



  DRAFT REPORT FOR CONSULTATION: DO NOT REFERENCE 

 

 9 

term, but generally do not represent a significant hazard during the operational phase, as the 294 

waste is generally handled such that the potential for ingestion and inhalation are minimized.  295 

In other situations, the same long-lived radionuclides maybe a concern for both the 296 

operational phase and long-term safety of the facility, for example, radium-226 is a gamma 297 

emitter and has a 1600-year half-life.  The key point is the safety assessment needs to 298 

consider all phases of the disposal facility and the various potential exposure pathways. 299 

 300 

 301 

Fig. 2. Stylized Representation of IAEA Classification of Radioactive Waste1. 302 

(18) In summary, the principal characteristics of waste that influence its management are 303 

volume, chemical and physical form, and radionuclide content.  These characteristics vary 304 

over a very-wide range, depending on the process from which the waste originates and the 305 

radionuclides involved.  A variety of management and disposal options may, therefore, be 306 

appropriate, depending on the characteristics of the waste.  307 

 
1  Note that the term ‘activity content’ is used because of the generally heterogeneous nature of radioactive 

waste; it is a generic term that covers activity concentration, specific activity and total activity (IAEA, 2009). 
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2.2. Management options for the near-surface disposal of radioactive waste 308 

(19) It is internationally recognised that there is no implied intention to retrieve disposed 309 

waste even if technical options to do so were available.  The disposal options considered for 310 

different types of waste aim to provide increasing levels of containment and isolation for 311 

waste of higher activity and/or longer-lived radionuclides.  Currently the commonly adopted 312 

option is to dispose of short-lived and limited concentration of long-lived low, and/or very-313 

low-level radioactive waste in near-surface disposal facilities designed for those waste types.  314 

(20) The goal of a near-surface disposal system is to provide protection of humans and 315 

the environment from the hazards of radiation.  Due to the nature of the hazards and 316 

associated timescales, the fundamental strategy adopted for the disposal of low- and very-317 

low-level radioactive waste is to contain and isolate the waste until the short-lived 318 

radionuclides have decayed to levels that can no longer give rise to significant exposures, and 319 

to limit the activity content of longer-lived radionuclides to ensure that doses and risk are also 320 

limited in the long-term, when containment and isolation capacities of the disposal facility 321 

may be diminishing. In addition, consideration needs to be given to protection from the 322 

possible impacts from non-radiological contaminants.  The implementation of this strategy is 323 

demonstrated through a structured safety case. 324 

(21) Access, whether deliberately or inadvertently, to waste in a closed near-surface 325 

facility is easier compared to waste disposed in a geological disposal facility.  Consideration 326 

should be given to different approaches to reduce the possibility and consequences of post-327 

closure inadvertent human intrusion through site selection, design, management, and 328 

institutional oversight and control.   329 

(22) The current generation of people who dispose of the waste have an ethical obligation 330 

to protect the environment and future generations, taking into consideration current cultural 331 

sensitivities and their potential future significance when developing national waste 332 

management strategy.  This should address the possibility of no control being in place over 333 

the facility in the future.  334 

(23) Disposal facility siting and design options for radioactive waste are selected to 335 

provide containment of the waste within the facility and isolation from people and the 336 

environment.  Disposal facility designs also consider disruptive processes and events.  The 337 

degree and extent of containment and isolation needed are dependent on the potential hazard 338 

posed by the waste (i.e. radionuclide content and its chemical and physical form).  339 

(24) Near-surface disposal facilities are intended to provide the degree of containment 340 

and isolation needed for solid low- or very-low-level radioactive waste, which can contain 341 

both short-lived and long-lived radionuclides.  For the short-lived radionuclides, this will be a 342 

period of several hundred years.  Radioactive decay, particularly of short-lived radionuclides, 343 

causes the hazard to change over time. The hazard of inadvertent human intrusion into waste 344 

that contains mainly short-lived radionuclides would reduce significantly during the period of 345 

a few decades to a few centuries following closure.  For longer-lived radionuclides, including 346 

some naturally occurring radionuclides, the necessary period of containment will be longer, 347 

hence the need to limit the activity content of long-lived radionuclides in the waste disposed 348 

of in near-surface facilities.  Containment and isolation are provided physical barriers and to 349 

help ensure their ongoing integrity measures such as institutional control to access of the 350 

disposal site and restrictions on the use of the land associated with the site are important.  Site 351 

selection should take into account the likelihood of severely disruptive events.  The 352 

likelihood of deterioration of the barriers caused by deliberate human actions can be reduced 353 

by avoiding, to the extent possible, locations with valuable underground mineral, water and 354 

other resources.  355 
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(25) The type of disposal that is appropriate for a particular waste type depends on the 356 

degree and duration of containment and isolation required to achieve the desired level of 357 

protection.  The degree of engineering for any approach is influenced by the local climate, the 358 

site characteristics, and the nature of the waste.  The range of potential disposal options are 359 

described below:  360 

 361 

a. Landfill sites may be suitable for some very low-level waste. The duration of 362 

control of sites is generally short, and waste cannot be assumed to be isolated 363 

from the environment for more than a few tens of years. 364 

b. Disposal by leaving waste in situ, e.g., foundations of decommissioned 365 

buildings. 366 

c. Surface trench disposal on designated sites is used for large volumes of low-367 

level waste.  368 

d. Near- or on-surface engineered facilities such as vaults or boreholes to depths 369 

down to a few tens of metres are used for low-level waste. 370 

e. Tailing dam facilities and open pit mines are used for uranium and NORM 371 

mining tailings. 372 

f. Underground caverns and mines are used for large volumes of low-level waste 373 

and provide possibilities for intermediate-level waste. 374 

g. Disposal in stable geological formations a few hundred metres below the 375 

surface is the option currently adopted for high-level radioactive waste and is 376 

also suitable for intermediate-level waste.  Recommendations for radiological 377 

protection considerations for deep geological disposal are provided in 378 

Publication 122 (ICRP, 2013). 379 

 380 

(26) A key concept in the disposal of radioactive waste is containment, which is the 381 

confinement of the radionuclides within the engineered barriers that either constitute the 382 

waste form or the engineered features of the disposal facility, together with the natural 383 

features that separate the waste from the accessible biosphere.  Isolation relies on placing a 384 

separation between the waste on the one hand and people and the environment on the other.  385 

It also means design to minimize the influence of factors that could reduce the integrity of the 386 

disposal facility.  Whereas, confinement relies on engineered barriers to ensure the necessary 387 

level of containment for a predefined period, as well as on engineered and natural barriers 388 

after this period, in order to limit the release of radionuclides to the environment and to delay 389 

it in time (retardation).  In the case of deep geological disposal, isolation can be provided by 390 

disposal in a stable geologic formation at an appropriate depth providing clear physical 391 

separation of the waste from the surrounding biosphere and creating protective conditions for 392 

the containment barriers of the disposal system.  In contrast to high-level waste, some waste 393 

classes (e.g. very-low- and low-level waste with limited content in long-lived radionuclides) 394 

can be disposed of at the surface or near the surface in the accessible biosphere.  In this case, 395 

protective actions (e.g. access control, land use control) are needed to provide isolation for a 396 

time period (e.g. several hundreds of years) in accordance with the waste related hazards. 397 

These concepts are illustrated in Figure 3.   398 

 399 
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 400 
 401 

Fig. 3. Isolation with near-surface disposal and deep geological disposal.  402 

(27) A safety case must demonstrate the suitability of the disposal facility (the site and 403 

engineering) for the waste intended to be disposed.  The goal of containment and isolation is 404 

to provide protection for as long as necessary, while acknowledging that some dispersion of 405 

radionuclides in the environment may occur over the long term resulting in some exposures.  406 

(28) A wide variety of extractive industries and subsequent processing activities deal 407 

with NORM and generate waste with a large range of physical, chemical, and radioactive 408 

properties.  While it is common for the raw material to contain low concentrations of long-409 

lived radionuclides (e.g. natural uranium and thorium and their decay series, potassium-40), 410 

subsequent processing can separate and concentrate radionuclides in the decay series in 411 

different waste and product streams.  Some of these processes give rise to large volume waste 412 

streams with relatively low concentrations of radioactivity, but with long radioactive half-413 

lives.  In addition, such waste typically has other contaminants (e.g. heavy metals).  The 414 

radioactive properties may be a minor and even insignificant consideration from the overall 415 

protection perspective for both humans and the environment and therefore an integrated 416 

approach is recommended, taking all hazards into account, when deciding on a management 417 

strategy for NORM, including disposal of NORM waste.  The Commission’s 418 

recommendations for radiological protection in management for industrial processes dealing 419 

with NORM are outlined in Publication 142 (ICRP, 2019). 420 

(29) Because of the large waste volumes, the waste from mining and milling operations is 421 

often disposed on the mine site or at the site of a common processing facility.  In some cases, 422 

mine residues may be produced that can be recycled and reused and this can reduce waste 423 

volumes.  However, eventually waste material will be produced and its proper disposal needs 424 

to be considered in the planning stages.  The optimisation considerations should include the 425 

possibility of the waste to be returned to the mine (underground or open pit) from which it 426 

was extracted.  427 
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(30) The fact that the potential hazards from the long-lived radionuclides and other 428 

associated non-radioactive contaminants persist well beyond the lifetimes of engineered 429 

structures results in specific challenges to keep the waste away from humans and the 430 

environment, and the need exists for some form of ongoing control.  A related issue of 431 

concern is the potential use of some mining and minerals processing waste for landfill or 432 

construction material, and the nature of institutional control exercised over such waste to 433 

prevent diversion and inadvertent human intrusion should be duly considered.  434 

(31) The issue of radon is broader than waste disposal and the ICRP recommends that 435 

radon should be managed in accordance with the approach of Publication 126 (ICRP, 2014b).  436 

Depending on the nature of the material, exposures to radon (Rn-222 and Rn-220) emanating 437 

from the waste may need to be given careful consideration in the safety assessment of near-438 

surface disposal facilities for such waste.  This may be particularly relevant for the 439 

management and disposal of NORM waste (ICRP, 2019).  As described in Publication 126 440 

(ICRP, 2014b), the Commission recommends that the management of radon exposures 441 

should be mainly based on application of the optimisation principle using a reference level, 442 

translated for practical reasons to concentrations in air, to facilitate implementation.  If radon 443 

mitigation actions cannot reduce levels to less than the reference level, the exposure will need 444 

to be considered as part of the occupational exposure.  For some near-surface disposal 445 

facilities (e.g. uranium tailings) the exposure of workers to radon is not incidental, but a 446 

reasonably expected part of the operation of the facility, and in this situation they would be 447 

considered occupationally exposed.  The occupational dose limits should apply when the 448 

national authorities consider that the radon exposures should be managed as a planned 449 

exposure situation. 450 

2.3. Phases of a near-surface disposal facility 451 

(32) Figure 4 provides a summary of the phases of a near-surface disposal facility and 452 

some of the associated radiological issues.  The lifecycle of the disposal facility has been 453 

divided into three general categories: pre-operational, operational, and post-closure.  The 454 

upper half of the figure describes the general activities occurring at a site and the relative 455 

span of time that activity could occur along with associated key decision points for these 456 

activities.  For example, siting occurs early in the pre-operational phase, while design can 457 

start during the siting evaluation and continue throughout the operational life of the facility.  458 

It shows that design, construction of new disposal units, emplacement in built units and 459 

closure of full units can be occurring at the same time across a single disposal facility.  The 460 

figure also demonstrates that after closure, activities are expected to be limited to those 461 

included in the planned institutional oversight and controls for the site.  For example, a period 462 

of continued regulatory control, monitoring of the cover, land use restrictions, preservation of 463 

land use records, monitoring by society to check that the conditions are not degrading.  The 464 

lower half of the figure indicates general radiation protection activities occurring in the three 465 

time periods.  The figure highlights that environmental monitoring starts before the disposal 466 

facility is built to understand the nominal background levels and continues far into the post 467 

closure.  Worker protection is shown fading in the post closure as active measures are 468 

curtailed and while maintenance may still be performed, potential doses should not require 469 

radiation workers. 470 

471 
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 472 

Fig. 4. High-level overview of the life cycle of near-surface disposal facility. 473 

474 
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3. THE APPLICATION OF THE SYSTEM OF THE RADIOLOGICAL 475 

PROTECTION TO NEAR-SURFACE DISPOSAL OF RADIOACTIVE 476 

WASTE 477 

3.1. Principles of the RP system and ethical considerations 478 

(33) The system of radiological protection, as described in the 2007 Recommendations 479 

(ICRP, 2007), continues to rely on three fundamental principles: justification, optimisation of 480 

protection and application of dose limits. Justification and optimisation are applied to the 481 

three types of exposure situations considered by the Commission to organize radiological 482 

protection: planned exposure situations, emergency exposure situations and existing exposure 483 

situations, and dose limits are applied in planned exposure situations other than medical 484 

exposures. 485 

(34) It should be noted that waste can come from all types of exposure situations and 486 

once the decision of implementing a near-surface disposal facility is taken the logical steps 487 

and behaviours are best described as a planned exposure situation.  While most circumstances 488 

will be relatively straightforward examples of planned exposure situations (e.g. disposal of 489 

radioactive waste from the operation of a nuclear facility), others from different exposure 490 

situations maybe more nuanced (e.g. dealing with waste in a contaminated territory with a 491 

near-surface disposal facility as part of an existing exposure system).  The disposal of waste 492 

is an example showing that the situation-based approach provides a way to organise thinking 493 

and not to create rigid boundaries in terms of exposure situations.  The goal is to provide 494 

optimal levels of radiological protection suitable to the prevailing circumstances.  For 495 

example, a near-surface disposal facility within the context of an existing exposure situation 496 

will need to ensure protection of workers during the operational phase and, similar to the 497 

situation with radon exposures, the national authority could apply the occupational dose 498 

limits and other aspects of a planned exposure situation.  The involvement of stakeholders 499 

will be critical in deciding upon the appropriate controls and criteria for the specific 500 

circumstances.  501 

(35) The system of radiological protection has a strong ethical foundation. The 502 

Commission has elaborated on the ethical foundation in Publication 138 (ICRP, 2018), with 503 

particular attention given to four core ethical values, namely: beneficence/non-maleficence, 504 

prudence, justice and dignity.  505 

 506 

• Beneficence/non-maleficence: promoting or doing good and avoiding doing 507 

harm.  This is reflected, for example, in the primary aim of the system of 508 

radiological protection of an appropriate level of protection without unduly 509 

limiting desirable human actions. 510 

 511 

• Prudence: making informed and carefully considered choices without full 512 

knowledge of the scope and consequences of an action.  Prudence is reflected, 513 

for example, in the consideration of uncertainty of radiation risks for both 514 

humans and the environment. 515 

 516 
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• Justice: fairness in the distribution of advantages and disadvantages.  Justice is 517 

a key value underlying, for example, individual dose restrictions that aim to 518 

prevent any individual from receiving an unfair burden of risk or costs. 519 

 520 

• Dignity: the unconditional respect that every person deserves, irrespective of 521 

personal attributes or circumstances.  Personal autonomy is a corollary of 522 

human dignity.  This underlies, for example, the importance placed on 523 

stakeholder participation and the empowerment of individuals to make their 524 

informed decisions. 525 

 526 

(36) These core ethical values underlie the three main principles of radiological 527 

protection: justification, optimisation and dose limitation.  Applying the principles of 528 

radiological protection requires that radioactive waste disposal solutions adopted should 529 

result in doing more good than harm (beneficence/non-maleficence), unnecessary risk being 530 

avoided (prudence), avoiding unfair distribution of risk (justice) and people being treated 531 

with respect (dignity).  In addition, supporting the application of these core ethical values the 532 

system of protection also relies on procedural ethical values namely: accountability, 533 

transparency and inclusiveness (ICRP, 2018).  534 

(37) This ethical framework offers another lens to assess a situation beyond the technical 535 

options and in some instances could be the discriminating factors in choosing a course of 536 

action.  For example, where there are several options that are in principle technically 537 

acceptable, it is possible to evaluate which is more prudent or which better ensures the 538 

dignity of individuals involved.  While the system of radiological protection is concerned 539 

with ensuring adequate protection of people and the environment, the ethical values could 540 

guide considerations of how protection is best achieved while being mindful of possible 541 

unintended consequences. 542 

(38) The Commission considers that radioactive waste management is an integral part of 543 

the practice generating the waste; it is not a free-standing practice that needs its own 544 

justification.  Therefore, justification of the practice generating the waste includes the 545 

management options for the waste including its disposal. In addition, this evaluation needs to 546 

extend to the environment.  If the management of waste was not considered in the 547 

justification of the practice generating the waste and/or the practice in question is no longer in 548 

operation, the Commission recommends that the protection of humans and the environment 549 

should be optimised irrespective of any justification of such past practice.  The overall goal is 550 

to ensure the well-being of individuals and the quality of the living in general.  As already 551 

noted, this principle has a clear link to the ethical value of beneficence/non-maleficence and 552 

the assessment process needs to consider a broad view of human health and other hazards 553 

besides radiation. 554 

(39) The importance of the optimisation principle was reinforced in the 2007 555 

Recommendations (ICRP, 2007).  For this purpose, ICRP recommends that in assessing the 556 

level of protection for humans: ‘the likelihood of incurring exposures, the number of people 557 

exposed, and the magnitude of their individual doses should all be kept as low as reasonably 558 

achievable, taking into account economic and societal factors’ (ICRP, 2007, Para. 203).  The 559 

optimisation process also needs to consider environmental exposures for the purposes of 560 

environmental protection (ICRP, 2014a).  To ensure that a near-surface disposal system 561 

provides the required level of radiological protection, in addition to the dose calculations, the 562 

assessment needs to consider its site and engineered features, such as robustness, best 563 

available techniques (BAT), safety margins, and defence in depth. 564 
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(40) The optimisation process has a number of ethical dimensions.  Balancing the many 565 

factors necessary to optimise the radiological protection of the facility requires (prudent) 566 

decisions to be made, sometimes with incomplete knowledge.  For example, there will be 567 

considerable uncertainty in potential changes to the climatic environment and the 568 

geomorphological evolution of the surrounding environment over the long term and these and 569 

other uncertainties will need to be factored into the design of the facility.  Prudence is 570 

required to ensure we do not unduly burden either the current or future generations with our 571 

decisions regarding disposal.  This naturally raises the issue of justice and in particular 572 

distributive justice and also the dignity of the current and future generations. 573 

(41) Distributive justice has two relevant dimensions, namely spatial (amongst present 574 

populations) and temporal (between present and future generations).  Spatial distributive 575 

justice concerns the distribution of advantages and disadvantages among different groups of 576 

people, either nationally or internationally.  This should also include the financial burden 577 

with respect to waste disposal facilities.  The group of people who have enjoyed the benefits 578 

of the waste producing activity are not necessarily the ones who are faced with the potential 579 

burdens of managing the radioactive waste.  Temporal distributive justice, also referred to as 580 

intergenerational justice, requires the health and wellbeing of future generations to be 581 

protected.  These justice considerations should be addressed by near-surface disposal 582 

facilities being designed and operated in a way that they provide a high-level of assurance 583 

along with adequate protection to both present and future generations and the environment. 584 

(42) The principle of dose limitation can be linked to the ethical value of dignity.  Dignity 585 

concerns the unconditional respect that each individual deserves, regardless of age, sex, 586 

health, social condition, ethnic origin and religion.  As such, it emphasises the promotion of 587 

autonomy for those exposed to radiation including both radiation workers and the members 588 

of the public.  In the context of waste disposal, dignity also emphasizes that belonging to a 589 

generation that happens to come later in time is not sufficient reason for a different treatment.  590 

The application of dose limitation puts bounds on the risks deemed acceptable to individuals, 591 

regardless of optimisation or other considerations, and requires that each individual be 592 

considered.  The principle of dose limitation has a role to play in radioactive waste disposal 593 

as it is considered a planned exposure situation and hence, the Commission recommends the 594 

use of dose limits.  This is straightforward in the operational phase of the facility.  However, 595 

it is recognised that the calculated doses for public exposure in the far future are rarely the 596 

dominating factor in assessing various disposal options, particularly when the differences 597 

between the doses are small.  Additional information to the decision-making process can be 598 

obtained by assessing the probability of disruptive events (e.g. earthquakes, flooding etc).  599 

Beyond the dose limits, the control of public exposure will be achieved through a process of 600 

constrained optimisation such that controls necessary to ensure the long-term proper 601 

functioning of the facility are identified and properly designed, constructed and operated. 602 

(43) It is not only important to consider the outcomes of the application of the 603 

radiological protection principles from an ethical point of view, but also how these processes 604 

are being conducted.  The three procedural values underlying the system are mutually 605 

reinforcing and together they allow stakeholders to be aware of up-to-date information 606 

required to effectively participate in decision making processes related to the facility.  As 607 

such, these procedural values become a key part of good governance, via effective regulatory 608 

processes and the design thereof, in the management of the facility and provide for an 609 

effective and balanced integration of technical and social aspects. 610 

(44) Accountability as a procedural ethical value emphasizes that people who are in 611 

charge of decision-making must answer for their actions to all those who are likely to be 612 

affected by these actions including reporting on their activities, accepting responsibility, and 613 
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to be ready to account for the consequences, if necessary.  The Commission also considered 614 

the accountability of the present generation to future generations related to waste 615 

management and the protection of the environment (ICRP, 1997, 1998, 2003, 2013).  616 

Accountability in this context is the implementation of the value of (intergenerational) justice 617 

(ICRP, 2018), in that we appropriately take their interests into account while, in doing so, 618 

also avoiding unreasonable actions that would be detrimental to today’s generations. 619 

(45) An important aspect of the implementation of the value of procedural justice is 620 

transparency, which is concerned with the accessibility of information about the deliberations 621 

and decisions concerning potential or on-going activities, and the honesty with which this 622 

information is transmitted.  Transparency enables social oversight and vigilance of the public.  623 

This is also emphasised in the need for communication and public involvement, which starts 624 

at the planning stage and well before decisions are taken from which there is no return.  625 

Transparency and accountability can be mutually reinforcing.  Together they allow 626 

stakeholders to be aware of up-to-date information required to make informed decisions and 627 

also to participate in the decision-making process.  There has been general trend to 628 

incorporate these two procedural values in consultation processes involving environmental 629 

matters and they have become a key part of a good governance policy in organisations (ICRP, 630 

2018). 631 

(46) Inclusiveness, often referred to as stakeholder participation, is the third procedural 632 

value, and is the participation of all relevant parties in the decision-making processes related 633 

to radiological protection.  Good governance requires effective stakeholder participation with 634 

a structured, early, and meaningful involvement in decision making processes on radioactive 635 

waste management.  Within the context of transparency and accountability, effective 636 

stakeholder participation is a necessary element to facilitate ethically responsible decisions.  637 

Stakeholders include individuals and groups having personal, financial, legal, or other 638 

legitimate interests in policy or recommendations directly affecting their well-being or that of 639 

the environment for current and future generations. Stakeholders could range from the local 640 

to international level. 641 

(47) Both the core values and the procedural values have a bearing on near-surface 642 

radioactive waste management and highlight the radiological protection and societal-643 

economic issues associated with the longer-term dimensions of the hazard from radioactive 644 

waste.  In particular, the disposal of long-lived waste clearly points out the limitations of 645 

purely technical solutions to the situation.  On the one hand, the current generation has a duty 646 

to ensure future generations and the environment are safe from present-day radioactive waste 647 

management practices, including disposal, and that they do not have undue burdens placed 648 

upon them and the environment to achieve safety.  However, it is not possible to envisage 649 

how society will be organised in the longer term and distant future.  These issues highlight 650 

the need to use the ethical values in the development of waste management strategies.  In 651 

conjunction with the core values, one should strive for respecting the dignity of future people, 652 

while – from a perspective of beneficence/non-maleficence – one should not harm their 653 

interest.  This is done in part by considering the impacts on future generations and balancing 654 

them against the current generations and requires considering prudent courses of actions and 655 

decisions in near-surface radioactive waste disposal that are protective without being unduly 656 

conservative. 657 

(48) The Commission continues to recommend that individuals and populations in the 658 

future should be afforded at least the same level of protection as the current generation: doses 659 

and risks for member of the public in the long term should not exceed the criteria used in the 660 

design stage, taking into account that the assessment of radiological impacts presents a 661 

challenge due to uncertainties.   662 
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(49) The obligations of the present generation towards the future generation are 663 

challenging involving, for instance, not only issues of protection, but also transfer of 664 

knowledge and resources.  There is no certainty how society will evolve over time and the 665 

present generation cannot ensure that in the future society will take any actions related to the 666 

safety features of a disposal facility.  There will always be a range of possible evolution 667 

scenarios for a near-surface disposal facility and no single scenario can be predicted with 668 

certainty.  In addition, for a near-surface disposal facility the isolation of the waste relies 669 

more on human protective actions than geology as is the case for deep geological disposal.  670 

This highlights the importance of the transfer of knowledge and resources to future 671 

generations to enable them to address protection issues associated with the disposal facility. 672 

3.2. Exposure situations 673 

(50) The 2007 Recommendations organise the system of protection according to three 674 

types of exposure situations: planned, existing and emergency exposure situations (ICRP, 675 

2007, Para. 176). 676 

 677 

• 'Planned exposure situations' are situations involving the deliberate introduction and 678 

operation of sources of exposure.  Although the situation is planned by the deliberate 679 

introduction of the source of exposure, exposures are not necessarily anticipated or 680 

planned to occur.  Planned exposure situations may give rise both to exposures that 681 

are anticipated to occur (normal exposures) and exposures that could occur but are not 682 

expected to occur (potential exposures).  Normal exposures are those that are virtually 683 

certain to occur and which have a range of magnitude which is predictable, with the 684 

attendant uncertainty.  Potential exposures refer to situations where exposure could 685 

possibly take place e.g. an unexpected evolution or accident, but no certainty that it 686 

will occur.  While normal and potential exposures are issues for near-surface disposal 687 

facilities, potential exposures represent a particular challenge. 688 

 689 

• 'Emergency exposure situations' are exposure situations resulting from a loss of 690 

control of a planned source (e.g. an accident), or from any unexpected situation (e.g. a 691 

malevolent event), which require urgent action to avoid or reduce undesirable 692 

exposures.  693 

 694 

• 'Existing exposure situations' are situations resulting from sources that already exist 695 

when a decision to control them is taken (natural radiation, past activities or after 696 

emergencies).  697 
 698 

(51) The deliberate introduction of the near-surface disposal facility is a planned 699 

exposure situation, nevertheless exposures from the facility are not planned to occur as such. 700 

The aim is to prevent and reduce exposures to as low as reasonably achievable, taking 701 

economic and societal factors into account, both in the operational phase (waste emplacement 702 

and closure) and in the post-closure phase when the facility is functioning as a passive system.  703 

In the long term, after closure and when oversight of the disposal facility is no longer in place, 704 

there is a possibility for exposure to occur because of the anticipated decrease in the level of 705 

containment and isolation provided by the disposal system or because of natural disruptive 706 

events or inadvertent human intrusion.  There is no certainty that such exposure will occur 707 

and there will be a range of possible exposures that could occur.  Possible exposures could 708 
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range from zero to a level that is bounded by the waste and disposal facility characteristics.  709 

While the range of doses can be estimated, the actual outcome cannot be predicted and as 710 

such, the Commission considers them within the conceptual system of protection as potential 711 

exposures.  As such, the risk should be considered in terms of both the magnitude and 712 

likelihood of occurrence of these exposures. 713 

(52) The design objective for the near-surface disposal system is to ensure that its 714 

containment and isolation functions will not be jeopardized by the range of developments that 715 

could reasonably be expected to occur during the lifetime of the facility.  These functions are 716 

mainly ensured by built-in and passive safety features designed to last far beyond the 717 

institutional control phase, not requiring any human action.  Optimisation should continue 718 

after the design phase, up until the complete transfer of the system into a passive state.  719 

However, optimisation is crucial at the siting and design phases, which determines the 720 

boundaries for the performance of the facility in subsequent phases.  Some developments will 721 

be certain to occur and others could occur, but with less probability and give rise to exposure.  722 

In the optimisation process, conditions, events or processes would normally be excluded from 723 

general consideration based on very low probabilities or consequences.  These circumstances 724 

are usually representative of planned exposures (normal or potential), but an unusual event 725 

could lead to less than desirable radiological conditions.  In the context of near-surface 726 

disposal of radioactive waste, an actual emergency exposure situation is extremely unlikely, 727 

but could lead to an existing exposure situation that requires some form of remediation.  728 

(53) For the operational phase of the near-surface disposal facility both normal exposures 729 

and potential exposures should be considered, where potential exposures are those related to 730 

situations where higher exposures can potentially occur than in normal exposure situations, 731 

following deviations from planned operating procedures, accidents including loss of control 732 

of radiation sources, and malevolent events.  For the post-closure phase of the near-surface 733 

disposal facility potential exposures need to be considered.  734 

(54) While emergency exposure situations should be considered, such exposure situations 735 

would be expected to be very unlikely and limited in scope for near-surface disposal facilities, 736 

because of the strong limitation of activity in the waste disposed and the generally inert and 737 

immobile form of the waste.  As such, the range of emergency exposure situations that could 738 

possibly occur is limited.  Only very severe disruptive events during disposal operations 739 

could possibly lead to an emergency exposure situation followed by an existing exposure 740 

situation; these have to be identified and assessed at the design stage of the facility and to the 741 

extent possible designed out or mitigated.  After closure of a near-surface disposal facility, 742 

the intentionally limited radioactive content of the waste and the slowly evolving containment 743 

and isolation of the radioactive waste make the occurrence of emergency exposure situations 744 

very unlikely.  Only abrupt and severe perturbations of the disposal system that are outside 745 

the design basis might possibly lead to an emergency exposure situation.  746 

(55) Near-surface disposal facilities are at various phases of development and operation 747 

in several countries: under design, under construction, in operation or closed and under some 748 

degree of regulatory control.  Disposal facilities in operation or already closed and under 749 

direct oversight are considered as situations where the source is under control; these are 750 

therefore planned exposure situations.  If an operational or closed disposal facility evolves in 751 

line with its planned and designed functioning as defined in the safety case, the concept of 752 

planned exposure situation continues to apply.  While the facility should be designed to 753 

protect future generations, these are invariably judged by today’s standards and changing 754 

societal expectations or priorities may impact how the facility is judged and managed.  In 755 

addition, there could be a breakdown of controls.  Within the context of the current system of 756 

radiological protection, which itself may have changed, the situation could be considered as 757 
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an existing exposure situation, requiring decisions to be taken, although not necessarily 758 

urgently, to bring the facility under control again (e.g. re-establishment of a control regime or 759 

retrieval of the waste). 760 

(56) Transcending the particular exposure situations that are deemed to apply during the 761 

various stages of the lifecycle of a near-surface disposal facility, the system of protection is 762 

implemented by assessment of the situation, justification of taking action, and optimisation of 763 

the protection actions using appropriate dose criteria for the individuals impacted.   764 

3.3. Dose and risk concepts 765 

(57) One of the primary uses of effective dose in radiological protection for both 766 

occupationally exposed workers and members of the public is for optimisation of protection 767 

at the planning and development stage by comparing with dose constraints or reference levels 768 

and for the retrospective assessment of dose for demonstrating compliance with dose limits 769 

(ICRP, 2007, Para. 153).  When assessing the possible exposures arising from a near-surface 770 

disposal facility in the distant future, the time frames to be considered are very long and the 771 

associated uncertainties in calculation assumptions, (e.g. climatic conditions, release and 772 

migration rates, human habits, etc.) give rise to intrinsic difficulties and challenges for 773 

compliance demonstration with the system of radiological protection.  Achieving protection 774 

for a disposal system, including the process of optimisation of protection, requires a broader 775 

approach than just the use of dose limits and a purely radiological optimisation process and 776 

will need to encompass the management system and quality processes employed for the 777 

project.  These other factors are important in helping to assess the robustness of the disposal 778 

system in light of issues such as potential exposures and associated uncertainties.  779 

(58) Potential exposures may occur as a result of an accident at the facility or natural 780 

disruptive event.  The risk associated with such events is a function of the probability of the 781 

event causing a dose, the magnitude of the exposure and the probability of detriment due to 782 

that dose.  For the detriment component of this function, the nominal probability coefficients 783 

for workers and the general population for stochastic effects from low-LET radiation (Table 1 784 

in Publication 103 (ICRP, 2007) can serve as a reference, adjusted as necessary to suit 785 

specific protection purposes.  Risk constraints are applied to potential exposures when 786 

reasonable estimates of probabilities of occurrence of the event or combined events can be 787 

made or when the probability or likelihood of occurrence can be bounded.  In such a case, an 788 

aggregated approach combining the probability of a dose occurring multiplied by the 789 

probability of the resulting health effect can be applied.  The risk constraint, just as a dose 790 

constraint, serves as a point of departure for efforts to optimise protection by addressing both 791 

probability of an event and the resulting health effect. 792 

(59) For potential exposures of workers, the Commission continues to recommend a 793 

generic risk constraint for fatalities (mainly cancer later in life) of 2×10−4 year−1.  For 794 

potential exposures of the public, the Commission continues to recommend a risk constraint 795 

of 10−5 year−1 (ICRP, 2007).  If a probabilistic approach is not adopted in the assessment of 796 

accidents, use can be made of the bounding reference levels for the appropriate exposure 797 

situation.  Whilst the numerical values of risk provide a point of reference, when considering 798 

the safety of a near-surface disposal system, they should be used primarily to gain an 799 

understanding of its performance and robustness, rather than as an absolute measure of its 800 

safety.  It should be noted that an optimised system may result in a distribution of doses 801 

where some could be predicted to be above the applicable dose constraint.  Any assessed 802 

scenario indicating exceedance of the values should be investigated in more depth to 803 
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determine the appropriateness of assumptions, levels of uncertainties, validity of applied 804 

computational codes, and other features of the assessment.  An evaluation of potential 805 

exposures and the suite of scenarios (including waste characteristics, possible external 806 

degrading mechanisms, etc.) can be used to support and explore design criteria of the 807 

protective actions considered.   808 

(60) The actual design basis for a near-surface disposal system should be substantiated 809 

and optimised in accordance with the exposure situations for workers, the public, and the 810 

environment and the related criteria as summarised in Table 1 below.  The facility must be 811 

designed to protect workers and the public from expected operating conditions and accidents 812 

or disturbing events during the development and operation of the facility and after its closure.  813 

The effective dose limit for workers of 20 mSv year−1 averaged over five consecutive years is 814 

applied with the requirement of optimising protection below dose constraints and in the case 815 

of the environment Derived Consideration Reference Levels (DCRLs) are used.  For the 816 

exposure of the public the effective dose limit is 1 mSv year−1 from all sources with a dose 817 

constraint of not more than 0.3 mSv year−1 for each source.  For potential exposures of the 818 

public in the case of an aggregated approach, a risk constraint of 1×10−5 year−1 is 819 

recommended.  Beyond design basis events that are extremely unlikely to occur are 820 

considered outside the scope of the assessment and not considered in optimisation.  If such 821 

scenario were to occur in the future, the competent authorities of the time would assess 822 

whether reference levels for emergency and/or existing situation currently used would be 823 

applied as appropriate. 824 

Table 1. Recommended Radiological Protection Criteria and Objectives for Near-Surface 825 

Disposal 826 

Phase Activity/Scenario Protective approach Criteria 
Planning 

framework 

Pre-operational 

& Operational 

Site preparation; 

Design; 

Construction;  

Waste emplacement; 

Closure 

Planned exposure  

situation, implementing: 

• Dose limits 

• Constraints (dose 

and risk) 

• Derived 

Consideration 

Reference Levels 

(DCRL)  

Optimisation as for the 

design and operation of 

any facility  

Design basis 

Post-closure 

Expected evolution 

of facility and  

environment 

including 

foreseeable 

disruptive events 

Optimisation guided by 

constraints of 0.3 mSv 

year−1 (dose);  

10−5 year−1 (risk); and 

lower end of relevant 

DCRL 

Natural disruptive 

events or 

Inadvertent human 

intrusion 

Existing (and/or  

Emergency) Exposure 

Situation, implementing: 

• Reference levels 

• DCRL 

Optimisation guided by 

reference levels ≤ 20 

mSv and DCRLs 

Extreme events; 

Accidents 

Evaluation against 

possible consequences; 

BAT 

Not considered in 

optimisation 

Beyond design 

basis 

(61) The results of estimating risk over long periods of time should be interpreted 827 

cautiously, because of the additional inherent uncertainties in and the challenges of 828 
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estimating probabilities of events in the distant future.  A bounding approach to estimating 829 

probabilities making use of cautious, but realistic parameter values, may be used in 830 

addressing these challenges.  It should be noted that the use of compounding of overly 831 

cautious assumptions may lead to overly conservative bounding estimations of little practical 832 

relevance, and this should be avoided. 833 

(62) The comparison of calculated dose and risk with constraints or reference values is a 834 

way to check if the system as designed and developed through a process of optimisation of 835 

protection can reasonably meet the protection targets and criteria.  For example, if the 836 

exposures from long-lived radionuclides could exceed the recommended reference levels e.g., 837 

in the event of inadvertent human intrusion, the waste should be disposed with greater 838 

emphasis on isolation.  In such an approach, the emphasis is primarily on the design of the 839 

facility and on the quality of the construction and operation of the facility and conformance 840 

with safety standards and requirements that apply.  Radiological assessments of the facility 841 

design and operation are only one specific way to check this quality.  It is also a way to assess 842 

if the residual hazard posed by the projected disposed source term after an assumed period of 843 

institutional control is acceptable from a radiological protection point of view due to both 844 

radionuclide migration and inadvertent human intrusion.  845 

3.4. The representative person 846 

(63) The Commission considers that its recommendations on the estimation of exposures 847 

in Publication 101 (ICRP, 2006) apply as general guidance.  The Commission recommends 848 

that for planned exposure situations, exposures of members of the public should, in general, 849 

be assessed on the basis of the annual effective dose to the representative person. 850 

(64) During the post-closure phase of a near-surface disposal facility, due to the time 851 

scales under consideration, the habits and characteristics of the representative person, as well 852 

as the characteristics of the host environment, are subject to uncertainties.  Since there is 853 

limited scientific basis for predicting the nature or probability of future human actions, any 854 

such representative person has to be hypothetical and stylised.  The habits and characteristics 855 

assumed for the individual in the future should be chosen on the basis of reasonably 856 

conservative and plausible assumptions, considering site- or region-specific information as 857 

well as biological and physiological determinants of human life.  Moreover, in many cases, 858 

different scenarios, each associated with its own representative persons, may be considered 859 

for the distant future and each scenario has a different likelihood.  Thus, the scenario leading 860 

to the highest calculated dose may not be linked to the highest risk.  It is therefore important 861 

for decision makers to have a clear presentation of the different scenarios, including the 862 

associated doses and likelihoods, and the basis for their choice.  863 

(65) As stated in Publication 101 (ICRP, 2006), for the purpose of protection of the 864 

public, the representative person corresponds to an individual receiving a dose that is 865 

representative of the more highly exposed individuals in the population.  Therefore, it should 866 

be assumed that the representative person has a reasonable upper bound of the potential doses 867 

from the various exposure pathways, with due regard to the assumed climatic conditions for 868 

that evolution scenario (e.g. considerations of ice coverage, desertification, etc.).  This is an 869 

assumption as humans may no longer inhabit areas in the distant future. 870 

(66) A representative person cannot be defined independently of the assumed biosphere. 871 

Major changes may occur in the biosphere in the long-term and consideration needs to be 872 

given to potential changes.  A representative person and biosphere should be defined using 873 

either a site-specific approach based on site- or region-specific information, or a stylised 874 
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approach based on more general habits and conditions; the use of stylised approaches will 875 

become more important for longer time scales. 876 

(67) The Commission recommends (ICRP, 2006) the use of three age categories for the 877 

prospective estimation of annual dose to the representative person for comparison with 878 

annual dose or risk criteria.  The annual dose from the intake of a radionuclide already 879 

includes a component relating to the fact that the radionuclide will deliver a dose in 880 

successive years, the length of time being determined by the biological half-life of the 881 

radionuclide in the body.  Publication 101 (ICRP, 2006) concludes that consideration of three 882 

age groups, 1-year and 10-year-old children and adults, is sufficient for most dose 883 

assessments, especially for long-term exposures when individual cohort members will 884 

naturally proceed through age groups.  In general, uncertainties in estimating exposures are 885 

large in comparison with differences in dose coefficients for different age-groups.  It is 886 

recognized that stakeholders may make requests for calculation of additional age groups, and 887 

such calculations may be appropriate to facilitate dialogue.  In the case of near-surface 888 

disposal, any exposures are expected to occur in the future, and to be associated with levels of 889 

radionuclides in the environment that change slowly over the time scale of a human lifetime.  890 

Given the inherent uncertainties in calculations extending to the distant future, the dose or 891 

risk to an adult representative person will adequately represent the exposure of a person 892 

representative of the more highly exposed individuals in the population. 893 

3.5. Optimisation of protection 894 

(68) The principle of optimisation is defined by the Commission (ICRP, 2006, 2007) as 895 

the source-related process to keep the likelihood of incurring exposures (where these are not 896 

certain to be received), the number of people exposed, and the magnitude of individual doses 897 

as low as reasonably achievable, taking economic and societal factors into account.  898 

Guidance for the optimisation process is described in Publication 101 (ICRP, 2006).  In 899 

addition, Publication 103 (ICRP, 2007) provides the following advice that is very relevant to 900 

the issue of near-surface disposal:  901 

 902 

(214) Optimisation is always aimed at achieving the best level of protection under 903 

the prevailing circumstances through an ongoing, iterative process that involves: 904 

 905 

• evaluation of the exposure situation, including any potential exposures 906 

(the framing of the process); 907 

• selection of an appropriate value for the constraint or reference level; 908 

• identification of the possible protection options; 909 

• selection of the best option under the prevailing circumstances; and 910 

• implementation of the selected option. 911 

 912 

(69) The ICRP principle of optimisation of radiological protection when applied to the 913 

development and implementation of a near-surface disposal system has to be understood in 914 

the broadest sense as an iterative, systematic, and transparent evaluation of options for 915 

enhancing its protective capabilities and for reducing its radiological impacts.  Optimisation 916 

also should be considered holistically within the context of the broader national waste 917 

management policy and strategy when deciding the type and location of disposal facilities 918 

considering both radiological impact and non-radiological aspects such as chemical hazards 919 

and transport safety.  Optimising protection requires value judgements and stakeholder 920 
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involvement in this process is important.  The ethical values in the system of radiological 921 

protection provide a framework for engaging in these discussions. 922 

(70) Optimisation of protection has to deal with the main aim of disposal systems, i.e. to 923 

protect humans and the environment, now and in the future, by containing the radioactive 924 

substances in the waste and by isolating them from people and the environment and by 925 

protecting the facility from external degrading mechanisms.  That goal must be met during 926 

the operational period and protection of future generations and the environment beyond 927 

closure of the facility including a time when it is assumed that there is no oversight over the 928 

facility.  In the long term and particularly when no active oversight is in place, protection of 929 

people and the environment has to be maintained with a reasonable level of assurance by a 930 

passively functioning disposal system.  Optimisation of protection has to consider the balance 931 

between passive and active measures of safety, for example, when deciding on the duration 932 

and nature of institutional control measures.  933 

(71) An iterative decision-making process for near-surface disposal system development 934 

and implementation provides a framework for the optimisation process.  The optimisation 935 

process should be focused on a realistic number of design options relevant to the site and 936 

inventory and making use of clear targets and end points.  Optimisation has to cover all 937 

elements of the disposal system in an integrative approach (i.e. site characteristics, facility 938 

design, waste package design, waste characteristics, supervision and control measures), as 939 

well as all relevant time periods. 940 

(72) Optimisation of protection is the responsibility of the facility operator and involves 941 

liaison with regulatory authorities and stakeholders.  Agreement should be reached on what 942 

constitutes a clear and reasonable range of relevant options to be implemented.   943 

(73) The focus of the optimisation process differs for the design, operational, and post 944 

closure phases.  The greatest opportunity to optimise protection is in the design phase and as 945 

such should be given a high focus.  The opportunity for optimisation during operation will be 946 

less.  Optimisation of operational safety will be undertaken in a similar manner as other 947 

operational nuclear facilities, but also can influence post closure safety. 948 

(74) Judgement of the quality of the near-surface disposal system has to be made, and 949 

reviewed critically when needed, in a well-structured and transparent process, with the 950 

involvement of all relevant stakeholders.  At the heart of this process is the interaction, 951 

transparent for all other stakeholders, between the developer and the safety authorities. 952 

(75) The Commission recognizes that societal factors (including policy decisions and risk 953 

acceptance issues) can bound the optimisation process to various extents, such as by defining 954 

certain conditions (e.g. site location, retrievability).  It is important that these considerations 955 

are identified in a manner transparent to all involved stakeholders, and that their protection 956 

implications are understood (OECD/NEA, 2011). 957 

(76) Although optimisation is a continuous process, all stakeholders should be afforded 958 

the opportunity to judge the result of the process and provide feedback.  The Commission 959 

recognizes that not all stakeholders will agree with all aspects of a complex decision-making 960 

process, but urges that the process and approach used in the optimisation and stakeholder 961 

involvement provide an adequate basis for all concerns and issues to be openly and 962 

constructively identified and addressed.   963 

(77) Nearly all aspects of optimisation of protection for the post-closure phase will 964 

happen prior to waste emplacement, largely in the design phase, with the plans to close the 965 

facility being part of the design phase.  Some further optimisation of protection could be 966 

provided during the operational phase; for example, new materials or techniques may become 967 

available.  Experience gained during the closure of parts of the facility (e.g. individual 968 

disposal cells) can lead to improvements in planning for the closure of the overall facility, 969 



  DRAFT REPORT FOR CONSULTATION: DO NOT REFERENCE 
 

 26 

however, any such improvements should not be seen as requiring modification of waste 970 

already disposed unless it is found that adequate protection is no longer being afforded. 971 

(78) Near-surface disposal facilities are sited, designed, constructed and operated to 972 

provide for robust long-term containment and isolation, in order to avoid any significant 973 

impact on humans and the environment.  The assessment of post-closure radiological impacts 974 

through the estimation of effective dose or risk to a representative person and doses to biota 975 

presents challenges.  This is due to the various categories of uncertainties related to 976 

radiological dose and risk calculations.  It provides an illustration of the robustness of the 977 

system, rather than precise predictions of future radiological consequences.  Thus, when 978 

considering the distant future, dose and risk values lose their intrinsic meaning and only 979 

retain value as providing an enveloping estimate of potential radiological impact.  With such 980 

an approach, calculated dose and risk in the future might not be discriminating factors 981 

between design options.  In fact, when radiological assessments systematically show that for 982 

all selected scenarios the dose criteria are met with reasonable margins and only very unlikely 983 

scenarios indicating exceedance and when no obviously better design options are available, 984 

the radiological optimisation process can be considered successful. 985 

(79) The elements guiding or directing the optimisation process should be those that 986 

directly or indirectly determine the quality of the components of the facility as built, operated, 987 

and closed, where quality refers to the capacity of the components to fulfil the functions of 988 

containment and isolation in a robust manner.  The assessment and judgement of the quality 989 

of system design and system components essentially includes the site characteristics, as well 990 

as the concepts of good practice, sound engineering, and managerial principles.  The 991 

optimisation of radiological protection supports the design process but provides less 992 

information on protective capability in the distant future, whereas sound design and system 993 

performance should dominate decisions for the best outcome of the optimisation process in 994 

the long term.  In addition, when dealing with safety in the distant future optimization can be 995 

complemented and supported by applying the concept of BAT to the various phases of the 996 

disposal system.  The use of BAT should consider should consider their efficacy, economics 997 

and applicability to particular situation. 998 

(80) The way in which the various elements of a disposal system can be optimised in an 999 

integrative manner during its development varies widely.  First, step-by-step optimisation 1000 

decisions mainly have to be taken in chronological order (e.g. the decisions on the choice of 1001 

one or a limited number of sites are often prior to decisions on a detailed design).  For the 1002 

selection of a site, a balance has to be made between technical criteria related to the safety of 1003 

a disposal system (long-term stability, barriers for radionuclide migration, absence or 1004 

presence of natural resources in the vicinity), and local economic and societal factors.  With 1005 

regard to societal factors, the acceptance of a facility from the local community is a key issue 1006 

and requires effective stakeholder engagement.  Favourable sites can, in a first step, be 1007 

identified on the basis of broadly defined ‘required qualities’, taking due account of the 1008 

containment and isolation functions that can be provided by the disposal system. 1009 

(81) If several suitable sites can be identified and evaluated, the decision in favour of one 1010 

specific site will always be a multifactorial decision, based on both quantitative and 1011 

qualitative judgements.  Radiological assessment will be one of the factors, but will be 1012 

unlikely to dominate the decision due to its preliminary nature and all the associated 1013 

uncertainties at this stage. 1014 

(82) Assessment of the robustness of the disposal system is a major contribution to 1015 

system optimisation and should be presented in the safety demonstration.  It provides both 1016 

quantitative and qualitative insights into the performance of the disposal system and its 1017 

components, and into their relative contributions to the overall system safety and how this 1018 
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can be affected by disturbing events and processes.  The assessment also identifies areas for 1019 

design enhancement and the need for high levels of quality assurance so that optimisation can 1020 

be achieved by both improving the design and highlighting areas where it is important to 1021 

focus resources and effort. 1022 

3.6. Protection of the environment 1023 

(83) Demonstrating that the environment is, or will be, protected against the harmful 1024 

effects of releases from facilities is often a requirement in national legislation, and in relation 1025 

to many human activities, including the management of radioactive waste. ICRP has 1026 

responded to this need, as well as to a number of other requirements of an ethical nature 1027 

(ICRP, 2003), by addressing environmental protection directly and specifically in Publication 1028 

103 (ICRP, 2007), and by offering a methodology to address this issue, as outlined in 1029 

Publication 108 (ICRP, 2008) and further elucidated in Publication 114, 124, and 136 (ICRP, 1030 

2009c, 2014a, 2017a). 1031 

(84) The ICRP approach considers the protection of the environment by virtue of the aim 1032 

of ‘preventing or reducing the frequency of deleterious effects on fauna and flora to a level 1033 

where they would have a negligible impact on the maintenance of biological diversity, the 1034 

conservation of species, or the health status of natural habitats, communities and ecosystems 1035 

(ICRP, 2007, Para. 30).  In addition to natural ecosystems, consideration should be given to 1036 

ones that are heavily influenced by humankind and provide various essential services to 1037 

people.  For added clarity, the ICRP approach considers the effects of radioactivity in the 1038 

environment and not just the mere presence of a radioactive substance in the environment as 1039 

part of the protection aim.  The environmental impact would normally be assessed through an 1040 

environmental impact assessment process that will consider radiological impacts and also a 1041 

broader range of factors such as visual impact, chemical toxicity impact, noise, land use, and 1042 

impact on amenities.  It is expected that this process would solicit input from stakeholders on 1043 

the various aspects of a project involving a waste disposal facility.  1044 

(85) The default tool for demonstrating protection and determining whether any 1045 

protective actions are needed for radioactive waste facilities over the long-term should be the 1046 

set of Reference Animals and Plants (RAPs) DCRLs that has been described by ICRP and for 1047 

which the relevant data sets and dose criteria have been derived (ICRP, 2008, 2009c).  This 1048 

set was deliberately chosen because its components are considered to be typical biotic types 1049 

of the major environmental domains of land, sea, and fresh water.  A set of representative 1050 

organisms appropriate to the specific facility will need to be chosen and these may need to 1051 

vary from the default RAPs.  Stakeholder involvement is important to help guide the choice 1052 

of RAPs. 1053 

(86) Over the long-time frames that are considered for near-surface disposal facilities, the 1054 

biosphere is likely to change and may even change substantially.  Such changes may entail 1055 

biosphere evolution with time, that is either natural or is enhanced or perturbed through 1056 

human action, for example, climate change.  Thus, use of the RAPs should provide at least 1057 

one point of reference for considering, if necessary, the likely dose and effect in any existing 1058 

or altered species in the future.  In some cases, the choice of the representative organisms for 1059 

a particular situation may not be well represented by the default RAPs and the differences 1060 

will need to be assessed (ICRP, 2014a). 1061 

(87) The assessment of doses to relevant representative organisms, as represented by the 1062 

appropriate RAPs, involves an environmental pathways analysis that consider both internal 1063 

and external sources of radiation.  The calculated absorbed dose rates are compared with the 1064 
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appropriate DCRLs that are specific to each type of RAP (ICRP, 2008).  A DCRL is as a 1065 

band of dose rate, spanning one order of magnitude, within which there is some chance of 1066 

deleterious effects from ionising radiation occurring to individuals of that type of RAP that 1067 

may lead to consequences at the population level.  Thus, when considered together with other 1068 

relevant information, DCRLs can be used as points of reference to inform on the appropriate 1069 

level of effort that should be expended on environmental protection, dependent on the overall 1070 

management objectives, the exposure situation, the actual fauna and flora present, and the 1071 

numbers of individuals thus exposed.  1072 

(88) In the context of a near-surface disposal facility as a planned exposure situation the 1073 

lower boundary of the relevant DCRL band should be used as the appropriate reference point 1074 

for the protection of the relevant RAPs.  If dose rates are within the bands, the Commission 1075 

believes that consideration should be given to reduce exposures, assuming that the costs and 1076 

benefits are such that further efforts are warranted (ICRP 2014a).  In the unlikely event of an 1077 

emergency exposure situation or an existing exposure situation developing after a breakdown 1078 

of controls, if the dose rates are above the relevant DCRL band, the Commission 1079 

recommends that the aim should be to reduce exposures to levels that are within the DCRL 1080 

bands for the relevant populations, with full consideration of the radiological and non-1081 

radiological consequences of so doing.   1082 

(89) The use of RAPs and DCRLs offers an additional line of argument and reasoning in 1083 

building a safety case using endpoints that are different from, but complementary to, 1084 

protection of human health.  Nevertheless, both human and environmental factors contribute 1085 

to the most appropriate selection of the disposal alternative and optimisation.  This includes 1086 

incorporating radiological environmental protection considerations into the overall 1087 

radiological optimisation process.  Consideration of environmental protection will broaden 1088 

the basis for risk-informed decision making and stakeholder involvement is critical for 1089 

understanding the potential wide range of environmental issues. 1090 

1091 
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4. IMPLEMENTATION OF THE SYSTEM OF RADIOLOGICAL 1092 

PROTECTION TO THE PHASES OF A NEAR-SURFACE DISPOSAL 1093 

FACILITY FOR RADIOACTIVE WASTE 1094 

(90) The lifetime of a near-surface disposal facility involves three main phases; pre-1095 

operational, operational and post-closure, the durations of which vary between national 1096 

programmes and the needs of individual facilities.  The Commission recommends that the 1097 

process for engaging members of the public and all relevant stakeholders should be defined 1098 

from the beginning reflecting the ethical and procedural values noted earlier. 1099 

(91) By disposing radioactive waste, the management option is deliberate and clearly 1100 

planned.  There is an obligation to provide controls to ensure that during the operational and 1101 

post-closure phases of a near-surface disposal facility an optimised level of protection is 1102 

ensured.  These controls are in the first instance in the siting and design step, when decisions 1103 

on design concepts are taken, and in the second instance in the operational step when system 1104 

implementation has to be in conformity with design requirements.  In some situations, design 1105 

modifications may be introduced to deal with changing circumstances.  However, 1106 

circumstances, which may not be part of the expected evolution of the facility, may arise and 1107 

they may lead to deviations from the expected evolution; they are discussed below. 1108 

(92) Oversight is important to help ensure the controls are appropriate and continue to 1109 

function properly. Various types of oversight are associated with these phases and may vary 1110 

in type and extent and may be direct or indirect.   1111 

(93) Direct oversight refers to active measures before operation (siting, design, and 1112 

construction), during operation (waste receipt and emplacement, facility development and 1113 

facility closure) and in the immediate post closure phase (maintenance and monitoring), 1114 

carried out by the operating organisation and relevant authorities.  Direct oversight includes 1115 

such activities as review and assessment, authorisation, inspections and monitoring.  It 1116 

includes regulatory supervision and inspection, preservation and establishment of societal 1117 

records, and societal memory of the presence of the facility. 1118 

(94) Part of the oversight of the facility should involve a regulatory review and 1119 

assessment of the safety case developed by the operating organisation that presents all the 1120 

evidence and assessment, supporting the safety of the facility, both during operation and post-1121 

closure.  The safety case should be updated periodically as experience and new information is 1122 

gained and specifically for major steps in the facility development, operation and closure.  1123 

The safety case should be agreed to by the regulatory authority prior to all the major 1124 

development steps and can include acceptance of the site, development of the design, 1125 

construction of the facility, modifications of design and construction as informed by new 1126 

information and experience, operation of the facility, closure of the facility and the end of the 1127 

period of direct oversight.  Post-closure arrangements will be addressed by the safety case, as 1128 

well as any significant modification to the design, facility operation or waste type or form 1129 

accepted for disposal at the facility. 1130 

(95) The regulatory authority should set conditions of authorisation for each step in the 1131 

development, operation and closure of the facility and for a period of time after closure until 1132 

termination of the disposal facility authorisation.  An important condition will be the waste 1133 

acceptance criteria for waste to be disposed in the facility.  Another important condition will 1134 

be the management system established and implemented by the operator that will provide 1135 

assurance of the quality of all safety-related work throughout the lifecycle of the disposal 1136 

facility.  The regulatory authority should also put in place a programme of compliance 1137 
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assurance to ensure the operator complies with all the conditions of authorisation and any 1138 

other legal obligations.     1139 

(96) During the siting, design, construction, operation, closure and into post-closure, 1140 

direct oversight of the near-surface facility should be performed consistent with the 1141 

regulatory framework.  Following closure of the facility, direct oversight may continue for a 1142 

period of time and include monitoring of the performances of the near-surface disposal 1143 

facility and potential exposure pathways, periodic updates of the safety case, the preservation 1144 

of records of the facility and verification of access control and land-use restrictions.  1145 

(97) During the period after closure, access to the site should, if required, be actively 1146 

controlled and monitoring arrangements put in place to confirm the adequacy and 1147 

effectiveness of the safety functions providing containment and isolation.  The regulator will 1148 

need to assess when it has sufficient confidence in the long-term performance of the facility 1149 

to release the operator from its obligation of the management of the site.  This will include 1150 

factors such as the levels of controls needed to prevent unacceptable impact from inadvertent 1151 

human intrusion and the establishment of an adequate form of any necessary indirect 1152 

oversight.  In addition to these factors, the Commission recommends that the decision to 1153 

withdraw direct regulatory oversight should be taken with the participation of all relevant 1154 

stakeholders. 1155 

(98) Indirect oversight refers to the period after closure when the authorisation from the 1156 

regulatory authority has been terminated, the authorised disposal facility operator will no 1157 

longer be present at the site, and oversight is exercised by a designated governmental 1158 

authority.  The authority will take care of land-use control, preservation of records, and 1159 

continued monitoring might be undertaken to check that the environmental conditions are not 1160 

degrading.  Eventually, there may be a time when the memory of the presence of the near-1161 

surface disposal facility is lost, and society no longer exercises any oversight over the site.  1162 

(99) The continuation of oversight during the long-term becomes more uncertain at later 1163 

times (e.g. hundreds of years).  From a prudent approach to safety, especially in the design 1164 

stage, it must be assumed that at some point in time, memory of the facility will be lost and 1165 

there is no further oversight, although the aim is not to lose the memory of the site.  This is 1166 

one reason for careful site selection and why strict control should be exercised over the 1167 

longer-lived radionuclide content in the waste disposed, and that facilities are developed and 1168 

designed not to rely on oversight in the distant future (i.e. providing passive safety features).  1169 

The safety case would exam these issues and potential releases to the environment. 1170 

4.1. The pre-operational phase 1171 

(100) The pre-operational phase is of high importance for the safety of the near-surface 1172 

disposal facility in the long term, and decisions made at this stage have to take into 1173 

consideration all the required safety principles and requirements, applicable radiological 1174 

criteria, and recommendations adopted from stakeholder feedback.  During this phase, a 1175 

suitable site is selected and characterised, the disposal facility is designed for an assumed 1176 

inventory and against defined regulatory criteria, and the engineering feasibility and 1177 

adequacy is demonstrated.  Supporting research and development work is undertaken, 1178 

including environmental monitoring around the intended facility. 1179 

(101) A safety case including safety assessment for the operational and post-closure 1180 

phases is developed by the operator that must address the operational and the post-closure 1181 

phases and, specifically, the longer-term future when controls and interventions cannot be 1182 

relied upon.  The aim of the developed safety case is to provide confidence that disposal 1183 
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system as designed and operated will protect workers, the public, and the environment.  The 1184 

safety case is an essential input to all important decisions concerning the disposal system.  It 1185 

has to provide the basis for understanding the disposal system and estimating how it will 1186 

behave over time.  It has to address site aspects and engineering aspects, providing the logic 1187 

and rationale for the design, and has to be supported by safety assessment.  It also has to 1188 

address the management system put in place to ensure quality for all aspects important to 1189 

safety.  At any step in the development of a disposal facility, the safety case also has to 1190 

identify and acknowledge the unresolved uncertainties that exist at that stage and their 1191 

significance, and the approaches for their management.  It has to include the output of the 1192 

safety assessment together with additional information, including supporting evidence and 1193 

reasoning on the robustness and reliability of the facility, its design, the logic of the design, 1194 

and the quality of safety assessment and underlying assumptions. 1195 

(102) The facility design will largely be determined on the basis of sound and proven 1196 

engineering practice complemented by optimisation studies, assessment of robustness and 1197 

consideration on the defence-in-depth concept (see Section 3.5 Optimisation of Protection).  1198 

Nevertheless, and despite the uncertainties mentioned above, calculation of doses is 1199 

undertaken at the design stage of a disposal facility in order to assess the adequacy of the 1200 

facility design in respect of its containment and isolation functions under the range of 1201 

evolution scenarios agreed for assessment and also for the consequence of inadvertent human 1202 

intrusion.  Cautious, but realistic assumptions should be made for the various categories of 1203 

uncertainties in order to avoid underestimation of potential future radiological consequences 1204 

of a near-surface disposal facility.  1205 

(103) The accumulation of cautious assumptions, as part of an approach to bound potential 1206 

future impacts (rather than trying to predict actual doses), leads to important consideration 1207 

having to be given to the margins of bounding.  However, it is important to avoid 1208 

compounding unduly conservative assumptions that can result in completely unrealistic 1209 

outcomes.  The application of the ethical values of prudence and transparency are important 1210 

ensuring confidence in the calculated outcomes.  Numerical compliance with dose criteria 1211 

alone should not compel acceptance or rejection of a near-surface disposal facility, further 1212 

consideration should be given to the levels of conservatism and the outcome of sensitivity 1213 

and uncertainty assessments. 1214 

(104) Participation of the various stakeholders should be undertaken to enhance the quality 1215 

of the decision-making process for the pre-operational siting, design and authorization 1216 

activities.  For example, stakeholder participation will bring local knowledge to the project, 1217 

the input of local values will help the optimisation process, and this engagement will help 1218 

keep the societal memory of the project alive.  Stakeholder participation is not just another 1219 

step in the process, regardless of the associated practical benefits, but is one of the three 1220 

procedural ethical values in the system of radiological protection and requires the other two, 1221 

i.e. accountability and transparency, to be truly effective.  As noted previously, accountability 1222 

has both the aspects of emphasizing that those in charge are answerable for their actions and 1223 

intergenerational justice, which is an important issue for waste disposal.  Transparency 1224 

enables social oversight and vigilance of the public by ensuring fairness of the process 1225 

through which information is intentionally shared.  These three procedural values are 1226 

mutually reinforcing and are an important element of good governance principles, aided by 1227 

an effective regulatory process to help ensure the successful integration of the technical and 1228 

social aspects of any project. 1229 

(105) Within the broad level of effort required to meet the appropriate dose constraints, 1230 

decisions will be required as to where to focus limited resources to achieve the desired results 1231 

and this requires a broad engagement with all stakeholders to be successful.  For example, 1232 
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this dialogue can help stakeholders contribute to the decision-making process and come to a 1233 

mutual understanding on the balance between efforts to reduce expected dose (i.e. the mode 1234 

of distribution of predicted doses) versus the width of the distribution of doses (Ogino et al, 1235 

2019).  It maybe decided that once predicted doses achieve a particular level, further efforts 1236 

are better directed at better quality control to reduce the uncertainties in parameters and 1237 

achieve a narrower or more equitable range of predicted doses.  By engaging the stakeholders 1238 

in this discussion, stakeholders can make an informed decision in a transparent manner.  1239 

(106) A baseline monitoring programme of the extant environmental conditions should 1240 

also be established prior to development of the disposal facility.  The programme should 1241 

include both radiological and non-radiological parameters such as climate and hydrology, for 1242 

use in future confirmation of the performance of the functions of the facility.   1243 

(107) The development of an adequate legal and regulatory framework for this phase 1244 

should be assured, setting down safety principles, regulatory process, radiological protection 1245 

and radioactive waste classification criteria and providing regulatory guidance.  Appropriate 1246 

mechanisms for formal and structured dialogue between the regulator and operator and with 1247 

stakeholders should also be established and the due regulatory process followed involving 1248 

application, review and granting of authorisation.  This point touches again upon the 1249 

importance of the ethical procedural values of stakeholder involvement, accountability, and 1250 

transparency.   1251 

4.2. The operational phase 1252 

(108) During the operational phase several distinct kinds of activity may take place; 1253 

construction of the disposal infrastructure, waste emplacement, and capping/sealing and these 1254 

activities may occur simultaneously. 1255 

(109) The disposal facility is constructed, the waste is emplaced, and the facility units are 1256 

closed according to the site-specific design and some site landscaping work may be carried 1257 

out.  The end of the period of active site disposal occurs when emplacement activities are 1258 

complete, including any waste from decommissioning activities at the site.  There may then 1259 

be a period of observation prior to the final closure of the facility.  The effective application 1260 

of the management system is to provide: 1) a high level of assurance of the quality of all 1261 

construction and closure related work, 2) a high level of assurance of compliance with the 1262 

waste acceptance criteria and design prescription, is critical, as limited opportunity will be 1263 

available for corrective actions.  Having this high-level of assurance of the proper execution 1264 

of the project is key to ensure the radiological criteria incorporated into the design of the 1265 

project are met both in the operational phase and post closure.  During the operational phase, 1266 

it will be possible to continue to evaluate the protective capability of the disposal facility 1267 

based on regular updates of the safety case, with a view to developing a high level of 1268 

assurance of its future safety.  This phase is under direct oversight of the regulatory authority, 1269 

and should include exchanges with other relevant stakeholders. 1270 

(110) As the facility starts to handle radioactive waste, occupational radiation protection 1271 

must be addressed within the context of the applicable regulatory regime.  As waste disposal 1272 

is nominally a planned exposure situation, the occupational exposures would be expected to 1273 

be managed within the applicable dose constraints and limits.  The environmental conditions 1274 

are monitored continuously and compared with the baseline data.  Research and development 1275 

may continue to confirm site characteristics and behaviour of the engineered components and 1276 

the overall design.  The regulator should perform regular compliance assurance activities 1277 

including inspections of the disposal operations.  The safety case should be updated 1278 
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periodically by the operator and for any major modification and reviewed by the regulator.  In 1279 

this phase, new disposal capacity may be constructed and covered.  This period may cover 1280 

several decades and changes may take place during this period arising from operational 1281 

experience feedback and the ongoing optimisation process and improvements in knowledge, 1282 

safety issues etc.  Any such changes must be carefully considered in terms of the safety case 1283 

and any implication for operational and post-closure safety carefully evaluated.  Changes 1284 

could also take place that are outside of the control of the operating organisation.  These 1285 

could include changes in land use in the local site environment or could include changes in 1286 

population distribution and industrial and societal activities in the site environs.  Changes in 1287 

local climate may also occur.  The implications of such changes or relevant new information 1288 

should be considered during periodic reviews of the safety case.  All changes and their safety 1289 

implications should be subject to regulatory process and associated stakeholder involvement. 1290 

(111) The final closure activities (e.g. backfilling, grouting, sealing and covering) are 1291 

performed according to the approved design for its final state.  Access to the disposal areas 1292 

will be terminated.  Monitoring and access control provisions are put in place.  Surface 1293 

facilities may be dismantled and all final surface contouring, vegetation and drainage 1294 

provisions are put in place.  All relevant information is preserved in a purpose developed 1295 

archive system, and any site markers for future generations are emplaced.  All these closure 1296 

activities should be subjected to the regulatory process and stakeholders should be involved 1297 

in the disposal facility closure process. 1298 

4.3. The post-closure phase 1299 

(112) During the post-closure phase oversight over access controls to the site should be 1300 

maintained to reduce to the extent practicable the likelihood of inadvertent human intrusion.  1301 

Monitoring should be continued to confirm the ongoing performance of containment and 1302 

isolation features and any maintenance or repair considered necessary should be carried out.  1303 

These activities should be carried out within the prescribed regulatory framework with the 1304 

authorized organization undertaking the work having all the necessary technical and scientific 1305 

skills.  The period of time over which these activities continue will depend on the inventory 1306 

disposed in the facility and how long it takes to establish confidence in the long-term 1307 

performance of the facility.  This includes meeting the reference level for the scenario of 1308 

inadvertent human intrusion.  In this regard, Publication 103 (ICRP, 2007, para 287) 1309 

recommends a reference level from 1 to 20 mSv.  For dealing with a situation with off-site 1310 

impacts that is being addressed as an existing exposure the Commission recommends the 1311 

lower end of the range of 1 to 20 mSv.  This sets the stage for the release of the direct 1312 

responsibility and management of the facility from the operator to next phase for the facility. 1313 

(113) Once a decision has been made to release the operating organisation from its 1314 

regulatory obligations, the level of oversight in the next phase should be consistent with the 1315 

needs articulated in the safety case.  For example, this could involve the transfer of 1316 

obligations from the operator to an appropriate government authority.  Such a decision would 1317 

be taken in the context of the existing regulatory framework and would need to consider 1318 

technical factors and the views of stakeholders.  Key to this process will be the confidence 1319 

that the regulatory authority and the stakeholders have in the long-term performance of the 1320 

containment and isolation features controlling release and migration of radionuclides from 1321 

the facility, as articulated in the safety case.  In this regard, the successful implementation and 1322 

integration of the procedural ethical values of accountability, transparency, and stakeholder 1323 

participation throughout the project should help with building this confidence, assuming the 1324 
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facility has performed according to the safety case.  Assuming there would be a period of 1325 

some form of institutional control to ensure conditions assumed in the post-closure safety 1326 

case remain valid to help ensure the long-term radiological criteria continue to be met, the 1327 

regulatory authority would need to make decisions on issues such as controlling land use and 1328 

the need for periodic inspections of the site.  It must also be assumed that at some time in the 1329 

future control could cease by a deliberate decision or the loss of memory of the site.  This is 1330 

the reason to maintain oversight until confidence that the regulatory criteria for the long-term 1331 

performance, including those for inadvertent human intrusion, are satisfied. 1332 

4.4. Protection in particular circumstances 1333 

(114) There may be situations that develop during the life of a facility that require the re-1334 

evaluation of safety beyond the periodic reviews of performance against the safety case.  1335 

Examples could include the introduction of new waste types to an operating facility; new 1336 

scientific information, e.g. from material testing or environmental monitoring; changes in the 1337 

performance in a closed facility; or “re-discovery” of a previous disposal facility. 1338 

(115) If the re-evaluation of safety occurs prior to closure, the facility continues to be 1339 

considered as a planned exposure situation as operations are ongoing, and design and 1340 

inventory modifications may be possible, subject to regulatory approval, before transition to 1341 

indirect control.  For unanticipated situations after closure of a site, the ability to modify the 1342 

barriers and control of the source term is usually more limited.  In circumstances with serious 1343 

degradation or failures of the barriers it may be decided to consider the facility as an existing 1344 

exposure situation, using the principles of optimisation and reference levels to determine the 1345 

appropriate protective actions in consultation with the stakeholders.  The decision to treat the 1346 

situation as an existing exposure situation would depend upon a variety of factors and an 1347 

important one would be the extent of any offsite contamination.  The ICRP recommends a 1348 

reference level within the lower half of the 1 to 20 mSv/year band with the objective to 1349 

progressively reduce exposures to levels towards the lower end of the band or below if 1350 

possible.  While protective actions below 1 mSv/year may not be justified, this would be 1351 

determined by the consultation process with national authorities, regulators and stakeholders. 1352 

(116) When developing a disposal facility decisions have to be taken as to what conditions, 1353 

events and processes are considered in the design basis and what events can be excluded.  1354 

These considerations should involve dialogue between the operator, the regulator and other 1355 

stakeholders, and should make use of the broad international experience developed to date in 1356 

the design and assessment of near-surface disposal facilities.  Independent peer review of the 1357 

design basis is also considered a valuable and necessary process.  It is expected that a similar 1358 

process would be used in making decisions in dealing with unanticipated situations in the 1359 

post-closure phase that have significantly compromised the design basis of facility. 1360 

(117) When considering extremely rare events that are excluded from the design basis, it 1361 

may be appropriate to estimate the potential radiological impact by use of stylised scenarios.  1362 

The results of those analyses can be expressed as dose or risk and used as indicators of 1363 

system robustness, and provide insight to the design process.  The treatment of extremely rare 1364 

events could vary between sites, depending on the characteristics of a site that make it more 1365 

or less vulnerable to disturbing events, and between different national approaches, depending 1366 

on what events are, or have to be (perhaps for culturally sensitive reasons), included in the 1367 

design basis.  Because inadvertent human intrusion could occur after the institutional control 1368 

period due to the location of a near-surface disposal facility in the biosphere, this scenario 1369 

should be included in the design basis.  For this situation or other disruptive events, risk 1370 
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constraints may be applied to the resulting potential exposures when reasonable estimates of 1371 

probabilities of occurrence of the event or combined events can be made or when the 1372 

probability or likelihood of occurrence can be bounded. 1373 

 1374 

4.4.1. Natural disruptive events 1375 

(118) The disposal facility and its surrounding environment could be impacted or altered 1376 

by natural disruptive events (e.g. earthquake, severe flood) and their impact should be taken 1377 

into account in the design of the facility.  Regarding the potential events that may occur long 1378 

after closure, different scenarios can be envisaged according to current knowledge.  Events 1379 

for which it is possible to estimate or bound the probability and time frames of occurrence are 1380 

normally included in the design-basis scenarios.  1381 

(119) Natural disruptive events with very low probability, i.e. ≲ 10−6 year−1, compared 1382 

with the design basis may occur, and some of these could induce significant disturbances to 1383 

the disposal facility or change radionuclide migration rates.  Examples of these types of 1384 

events would be largely site dependent (e.g. major landform change due to landslide).  The 1385 

Commission recommends the establishment of a methodology addressing these events which 1386 

could include a process for excluding very low-probability events from consideration in the 1387 

risk-assessment process, selecting a site with characteristics that minimise the probability of 1388 

such events, and/or assessing specific events through stylised assessments (ICRP, 2013). 1389 

(120) The Commission recommends that the two different groups of natural disruptive 1390 

events should be considered separately.  For events that are included in the design-basis, the 1391 

Commission recommends application of the risk constraint or the dose constraint for planned 1392 

exposure situations.  For very-low probability events not taken into account in the design-1393 

basis, application of the risk constraint or the dose constraint for planned exposure situations 1394 

does not apply.  Nevertheless, the results of assessing very-low probability events may 1395 

provide insights into potential design improvements.  Decisions on which events have to be 1396 

included in or excluded from the design basis should be made prudently and in a transparent 1397 

manner.   1398 

(121) Should a disturbing event occur and cause degradation of a disposal facility such 1399 

that dose constraints (or the environmental DCRLs) are exceeded long-lasting exposure 1400 

resulting from such natural disruptive events (with or without an emergency phase) should be 1401 

referred to as ‘existing exposure situation’ and the recommended reference level for 1402 

optimising protection strategies should be in the lower range of the band of 1 to 20 mSv year−1.  1403 

Notwithstanding that past decisions may have been made about the reference level, it should 1404 

be re-examined and established in agreement with the regulatory authorities and relevant 1405 

stakeholders at the time of the event taking into account the prevailing circumstances.  In 1406 

addition, other activities associated with the facility may need to be re-examined in 1407 

consultation with the stakeholders, such as environmental and health surveillance monitoring.  1408 

4.4.2. Inadvertent human intrusion 1409 

(122)  Waste is disposed of in a near-surface disposal facility for the purposes of 1410 

containment and isolation, one aspect of which is avoidance of inadvertent human intrusion.  1411 

When deciding in favour of near-surface disposal of low- and very-low-level waste, as 1412 

compared to other possible disposal options (geological disposal), account has to be taken of 1413 

the potentially higher possibility of inadvertent human intrusion, because of the location of 1414 

the facility on or near the surface (i.e. in the accessible biosphere), requiring specific 1415 
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protection measures to be taken such as activity limitation and control measures for the time 1416 

period of a few hundred years when significant doses (i.e. in excess of the adopted reference 1417 

level) are possible. 1418 

(123) In the case where oversight provisions are no longer in place and the memory of the 1419 

presence of the near-surface disposal facility is assumed to be lost, it is possible that people 1420 

will ‘rediscover’ the facility.  This may be without compromising its integrity (e.g. remote 1421 

sensing), by detecting radionuclides in the biosphere, or it may be by directly breaching the 1422 

containment, albeit inadvertently, and causing exposure to people and contamination of the 1423 

environment. When assessing such situations, they should be treated as existing exposure 1424 

situations and justified protective actions taken as necessary.  1425 

(124) It is necessary to distinguish between deliberate and inadvertent human intrusion 1426 

into the facility.  The former is not discussed further in this report as it is considered to be out 1427 

of the scope of the responsibility of the current generation to protect a deliberate intruder (i.e. 1428 

a person who is aware of the nature of the facility) because by its nature a deliberate intruder 1429 

has bypassed any relevant controls that are in place.  In addition, human actions resulting in 1430 

disturbance beyond the disposal facility in the surrounding environment (e.g. road 1431 

construction, change of land use to agriculture) are not categorised as human intrusion.  It is 1432 

assumed that the siting and design of the facility have included features to reduce the 1433 

possibility of inadvertent human intrusion. 1434 

(125) An intrusion event will compromise the barriers that have been designed into the 1435 

disposal facility.  As a future society may be unaware of exposures resulting from inadvertent 1436 

human intrusion, protection features to reduce such exposures, or their likelihood should be 1437 

considered and implemented as appropriate during the development of the disposal facility 1438 

through siting and design. 1439 

(126) Protection from exposures associated with inadvertent human intrusion is in the first 1440 

instance accomplished by imposing limits on the radionuclide content and distribution in the 1441 

disposal facility, and secondly by efforts to reduce the possibility of such events.  These may 1442 

include selecting sites with little assumed valuable resources (mineral and other deposits, 1443 

water resources, agricultural/industrial/residential land) based on current societal values to 1444 

reduce the potential for inadvertent human intrusion, incorporating robust design features that 1445 

make intrusion more difficult, or from provisions for direct oversight (e.g. surveillance of the 1446 

site by operator under regulatory control) and indirect oversight (e.g. restrictions on land use, 1447 

environmental monitoring programmes, archived records and site markers).  While the 1448 

probability of inadvertent human intrusion at a specific site is unknowable as it is based on 1449 

future human actions, it is assumed that it could occur after the period of indirect control, but 1450 

the radiological impact should not be severe due to the limitations placed on the disposed 1451 

inventory of waste. 1452 

(127) When assessing the radiological consequences of inadvertent human intrusion, it is 1453 

challenging to fully characterise inadvertent human intrusion events.  Judgement is needed in 1454 

deciding reasonable intrusion scenarios and similar to the approach in determining the 1455 

characteristics of the representative person, extreme practices should not be adopted.  Since 1456 

there is limited scientific basis for predicting the nature or probability of future human actions 1457 

and also because, by definition, an intrusion event bypasses some or all of the barriers that 1458 

have been put in place, the consequences of one or more plausible generic or stylised 1459 

intrusion scenarios should be considered by decision makers to evaluate (1) the resilience of 1460 

the disposal system to potential inadvertent human intrusion, and (2) what constitutes an 1461 

acceptable level of residual activity in the disposal facility. 1462 

(128) Due to the challenges in establishing the probability of inadvertent human intrusion, 1463 

the Commission considers it prudent to assume intrusion will occur, corresponding to an 1464 
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existing exposure situation. As such, reference levels in the lower half of the 1 mSv to 20 1465 

mSv per year band would be applied with the objective to progressively reduce exposure to 1466 

levels towards the lower end of the band is recommended for off-site impacts.  In addition, 1467 

doses to environmental biota should be compared to the appropriate DCRLs.  It should be 1468 

noted that the optimum design of a disposal system may result in a distribution of doses from 1469 

inadvertent human intrusion where some could be predicted to be above these reference 1470 

levels.  While establishing a single specific probability of inadvertent human intrusion is not 1471 

possible, aspects of understanding the likelihood, such as, current human activities in the area 1472 

or depth of the disposal facility, may be used to inform what generic or stylized intrusion 1473 

scenarios are appropriate or can be used in the optimisation process, when evaluating 1474 

alternative disposal system approaches. 1475 

1476 
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5. CONCLUSIONS 1477 

(129) This report describes and clarifies the application of the Commission’s 1478 

recommendations for the protection of the public and workers (Publications 101 & 103) as 1479 

well as the environment (Publication 124) as applicable to surface and near-surface disposal 1480 

of radioactive waste.  It is complementary to Publication 122 that deals with radiological 1481 

protection for the geological disposal of long-lived radioactive waste. 1482 

(130) There are many types of solid radioactive waste that are potentially suitable for 1483 

disposal in a near-surface facility with a wide range of radiological and physical properties 1484 

from a variety of industries and human activities.  Regardless of their source and properties, 1485 

the protection of workers, the public and the environment needs to be demonstrated, assured 1486 

and optimised.  In addition to the actual disposal facility, the waste management system as a 1487 

whole should be considered because choices made in the processes before disposal may 1488 

influence the disposal option. 1489 

(131) Near-surface disposal facilities are intended to provide the degree of containment 1490 

and isolation needed for time scales over which the waste presents a significant radiation 1491 

hazard.  For short-lived radionuclides, this will be a period of several hundred years.  For 1492 

longer-lived radionuclides, this timeframe will be longer, but restrictions on the inventory in 1493 

the disposed waste will limit the longer-term residual risk.  Containment and isolation are 1494 

provided by physical barriers and to help ensure their ongoing integrity measures such as 1495 

institutional control of access to the disposal site and restrictions on the use of the land 1496 

associated with the site are important.  Site selection is such that severely disrupting events 1497 

are avoided to the extent possible as well as the likelihood of inadvertent human intrusion 1498 

reduced to the extent practicable.  A safety case must demonstrate the suitability of the 1499 

disposal facility for the waste intended to be disposed.  This is achieved in part by providing 1500 

containment and isolation for as long as necessary, with limited exposure to workers, the 1501 

public and the environment. 1502 

(132) Waste can come from all types of exposure situations and once the management of 1503 

waste starts, the associated activities are best described as a planned exposure situation, 1504 

although some situations maybe more nuanced.  While the deliberate introduction of the near-1505 

surface disposal facility is considered a planned exposure situation, exposures from the 1506 

facility are not planned to occur as such.  The aim of disposal of radioactive waste is to avoid 1507 

and/or reduce exposures to the extent possible, both in the operational phase (waste 1508 

emplacement and closure) and in the post-closure phase when the facility is closed and is 1509 

functioning as a passive system.  Consideration also needs to be given with more disruptive 1510 

events (e.g. intrusion) that may result in an emergency or existing situation. 1511 

(133) The ICRP system of radiological protection builds on the three principles of 1512 

justification, optimisation and dose limitation. Their successful implementation requires 1513 

consideration of the core ethical values such that the disposal of radioactive waste should 1514 

result in a benefit and avoid harm (beneficence/non-maleficence), unnecessary risk being 1515 

avoided (prudence), avoiding unfair distribution of risk (justice) and people being treated 1516 

with respect (dignity).  1517 

(134) For a near-surface disposal system optimisation of protection has to deal with the 1518 

protection of people and the environment during the operational period and protection of 1519 

future generations and the environment beyond closure of the facility including a time when 1520 

it is assumed that there is no oversight over the facility.  In the long term and particularly 1521 

when no active oversight is in place, radiological protection has to be ensured by a passively 1522 

functioning disposal system.  Optimisation of protection has to consider the balance between 1523 
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passive and active measures of safety, for example, when deciding on the foreseen duration 1524 

and nature of institutional control measures.  1525 

(135) Balancing the many factors necessary to optimise the radiological protection of the 1526 

facility will require prudent decisions to be made, sometimes with incomplete knowledge (e.g. 1527 

the long-term environmental conditions, possible inadvertent human intrusion scenarios, etc.).  1528 

Prudence is required to ensure an undue burden is not imposed on the current or future 1529 

generations.  This naturally raises the issue of distributive justice and also the dignity of the 1530 

current and future generations.  Near-surface disposal facilities need to be designed and 1531 

operated in a manner that provides a high-level of assurance of adequate protection to all 1532 

members of both present and future generations and the environment. 1533 

(136) The implementation and integration of the procedural ethical values of 1534 

accountability, transparency, and stakeholder participation throughout the project should help 1535 

the regulatory authority and the stakeholders have confidence in the long-term performance 1536 

of the facility for controlling release and migration of radionuclides from the facility and 1537 

meeting the radiological protection criteria. 1538 

(137) As a facility transitions from the operational phase to the post-closure phase a 1539 

designated authority may control land use and may also carry out periodic inspection of the 1540 

site to ensure conditions assumed in the post-closure safety case remain valid.  It must also be 1541 

assumed that at some time in the future control of the facility may cease, which means it is 1542 

important to maintain oversight until confidence that the criteria for the long-term 1543 

performance, including those for inadvertent human intrusion, are satisfied. 1544 

1545 
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GLOSSARY 1592 

Best Available Techniques (BAT)  1593 

The most effective and advanced available techniques that will establish and main-1594 

tain the long-term robustness and integrity of the facility. 1595 

Biosphere 1596 

That part of the 'environment' normally inhabited by living organisms.  In practice, 1597 

the 'biosphere' is not usually defined with great precision, but is generally taken to 1598 

include the atmosphere and the Earth’s surface, including the soil and surface water 1599 

bodies, seas and oceans and their sediments.  There is no generally accepted defini-1600 

tion of the depth below the surface at which soil or sediment ceases to be part of the 1601 

'biosphere', but this might typically be taken to be the depth affected by basic human 1602 

activities, in particular, farming.  In the 'safety' of 'radioactive waste management', in 1603 

particular, the 'biosphere' is normally distinguished from the 'geosphere'. 1604 

.  1605 

Disused sealed source 1606 

A radioactive source, comprising radioactive material that is permanently sealed in a 1607 

capsule or closely bonded and in a solid form (excluding reactor fuel elements), that 1608 

is no longer used, and is not intended to be used, for the practice for which an au-1609 

thorization was granted. (IAEA glossary) 1610 

Exposure situation  1611 

A situation where a natural or man-made radiation source, through various path-1612 

ways, results in exposure of humans or non-human biota in the environment. 1613 

Human Intrusion 1614 

Those actions by humans that result in the direct disturbance of the actual disposal 1615 

facility (e.g. the waste or the engineered barriers). 1616 

Safety case  1617 

A safety case is a structured set of arguments and evidence demonstrating the safety 1618 

of a system. More specifically, a safety case aims to show that specific targets and 1619 

criteria are met with the goal of providing protection of humans and the environment 1620 

from the hazards of radiation.  1621 

1622 
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