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 INTRODUCTION 1.1 

The International Atomic Energy Agency (IAEA) has set out a framework of 2 
internationally agreed standards for nuclear safety, radiation protection, transport and 3 
radioactive waste disposal. This document reports the results of the IAEA HIDRA 4 
(Human Intrusion in the Context of Disposal of RadioActive Waste) project. The 5 
document provides input that can be useful to supplement current IAEA Safety 6 
Requirements and Guides for geological radioactive waste disposal and near-surface 7 
disposal [IAEA SSR-5 (IAEA 2011a), IAEA SSG-14 (IAEA 2011b), IAEA SSG-29 8 
(IAEA 2014)].  The production of this document was coordinated with activities 9 
related to the safety case discussed in the PRISM and GEOSAF projects as well as 10 
similar projects being undertaken by the European Commission and the Nuclear 11 
Energy Agency.  12 

The IAEA has a statutory obligation to establish standards of safety for 13 
protection of health and minimization of danger to life and property, and to provide 14 
for the application of these standards (Article III of the IAEA Statute). The IAEA also 15 
has a statutory obligation to provide for exchange of information among its member 16 
states relating to the peaceful uses of atomic energy (Article VI). The development of 17 
the safety standards is aided by having a degree of international consensus on the 18 
‘what’ and ‘how’ of waste safetysomething that projects such as HIDRA work 19 
towards. The results from the HIDRA project will inform the application of the IAEA 20 
safety standards by providing foundation material to clarify requirements related to 21 
human intrusion and to support expert missions, training events and peer reviews 22 
carried out under the IAEA’s Technical Cooperation Fund. Exchange of information 23 
among the Member States was also fostered by participating in the various HIDRA 24 
meetings and through dissemination of the products developed during the project. 25 

The HIDRA project addressed approaches to consider potential inadvertent 26 
human intrusion (IHI) resulting from future human actions in post-closure safety 27 
assessment of radioactive waste disposal and the use of those assessments to support 28 
decision making within the context of a safety case. Per the IAEA Specific Safety 29 
Guide No. SSG-23, The Safety Case and Safety Assessment for the Disposal of 30 
Radioactive Waste (SSG-23, IAEA 2012)), “Only those human actions that result in 31 
direct disturbance of the disposal facility (i.e. the waste, the contaminated near field 32 
or the engineered barriers) are considered human intrusion.” Thus, future human 33 
actions resulting in disturbances outside the contaminated near field or the engineered 34 
barriers are not addressed in this report. Furthermore, SSG-23 states “intentional acts 35 
that result in disruption of the facility are not addressed in a safety assessment,” and 36 
thus, such deliberate or intentional acts are also not considered in this report.  37 

The results from HIDRA provide insights and general approaches based on the 38 
common principles, requirements and recommendations from the IAEA, ICRP and 39 
OECD/NEA and experiences in Member States. The intent is to identify and share 40 
information related to implementation of activities to develop and meet site-specific 41 
requirements for assessing IHI. 42 
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 BACKGROUND 2.43 

The aim of radioactive waste disposal is to increase the level of safety of the 44 
waste by removing it from the human environment.  Containing the waste and 45 
isolating it from the human environment by burying it, rather than dispersing it in the 46 
environment, is generally accepted as the preferred approach for final disposition of 47 
solid radioactive waste.  When solid waste has been placed in a sealed underground or 48 
near-surface disposal facility, the intention is that there will be no further human 49 
contact with the waste as disposal facilities are designed for passive safety. However, 50 
the concentration and containment of the waste in one location could pose a hazard in 51 
the future, if someone were to disrupt the disposed waste. 52 

2.1 SCENARIOS IN THE SAFETY CASE 53 

A safety case for a radioactive waste disposal facility needs to explain how the 54 
facility will provide long-term isolation of the waste from the human environment.  55 
As the future is uncertain, safety cases typically consider a range of different 56 
scenarios involving different types of uncertainties. These uncertainties include, for 57 
example, variability in the natural and engineered systems, conceptual uncertainties 58 
such as how the disposal system will evolve over time, and future uncertainties 59 
regarding how human habits will change over time (Seitz et al. 2011).  These 60 
scenarios are not attempting to predict the future, but rather to illustrate possibilities 61 
that may, or may not, occur in the future.  Some of the possible scenarios will be more 62 
likely to occur than others.  63 

Scenarios for the evaluation of potential exposures are identified for the 64 
purpose of planning or judging protection measures (ICRP Publication 103 (1997), 65 
Paragraph 266)) with the intent of providing a reasonable representation of the 66 
sequence of events leading to potential exposures in the future. Given the uncertainty 67 
associated with projections far in the future, a hierarchy of classes of scenarios can be 68 
used (IAEA SSG-14, para.II. 32 and 33; IAEA SSG-29, para. 5.18; IAEA SSG-23, 69 
paras. 5.38 and 39; and OECD/NEA MeSA Project (OECD/NEA 2012, p.37), for 70 
example: 71 

1. central/ base/normal/reference = expected/likely evolution,  72 

2. variant = less-likely but still plausible, 73 

3. extreme = very unlikely, 74 

4. what-if = impossible, implausible, and 75 

5. human intrusion. 76 

The specific terms in the hierarchy are interpreted differently by different 77 
regulators, but the concept of a hierarchy with inadvertent human intrusion being 78 
considered separately is commonly accepted principle. From the perspective of a 79 
design basis commonly applied for operational safety analysis, ICRP Publ.122 (ICRP 80 
2013) classifies the potential future evolution paths into design basis evolution 81 
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(scenario types 1, 2 above) and non-design-basis evolution (scenario types 3, 4, and 5) 82 
for geological disposal reflecting the relative potential of the scenario occurring.  83 

The safety case will typically consider a ‘normal evolution’ scenario 84 
(sometimes called a central, base, compliance, denominator or reference scenario) that 85 
addresses the expected evolution of the facility over time (including changes in the 86 
facility and its engineered features and the natural system).  In addition, ‘variant 87 
scenarios’ may be considered that address possible evolutions, that are considered less 88 
likely to occur but nevertheless require consideration for a robust safety case.  89 
Additional scenarios representing more extreme or ‘what-if’ considerations may also 90 
be considered to add robustness to the safety case or to address specific requests from 91 
interested parties (e.g.,  a more stylised ‘what if?’ approach to investigate the loss of 92 
one or more safety functions of the disposal facility). 93 

The normal evolution and variant scenarios include uncertainties related to 94 
variability in the natural and engineered systems and conceptual uncertainties 95 
regarding the evolution of the systems over time. The normal evolution and variant 96 
scenarios may also include uncertainties associated with changes in human habits 97 
over time (i.e. different kinds of land use and human behaviour). Uncertainties 98 
associated with the natural and engineered systems are often addressed using a variety 99 
of modelling techniques, which may include formal uncertainty analysis using 100 
parameter distributions to represent variability and other uncertainties and a collection 101 
of different scenarios to address conceptual uncertainties. These analyses can provide 102 
quantitative perspectives regarding the range of potential consequences (e.g., using 103 
Monte Carlo analysis) and also help to identify the uncertainties that have the most 104 
influence on the results (e.g., sensitivity analysis).  105 

2.2 INADVERTENT INTRUSION 106 

The fifth item in the list above, ‘human intrusion’, identifies the class of 107 
scenarios to address the potential for IHI into a disposal facility. IHI scenarios are 108 
included as an additional indicator for robustness for safety cases for radioactive 109 
waste disposal.  It is these scenarios and the approach to addressing IHI which are the 110 
subject of this report. Human intrusion scenarios consider the possibility that, at some 111 
time in the future, knowledge of the disposal facility location and the hazard it 112 
presents is lost and future human actions may disturb the facility, e.g. by excavation, 113 
drilling etc. This aspect of the future is particularly uncertain over the timescales 114 
considered for radioactive waste disposal facilities because of the difficulty in 115 
predicting how human society will evolve, when and if knowledge of the facility and 116 
hazard will be lost and what future human activities may take place at the location of 117 
the disposal facility. Although uncertainties regarding the engineered and natural 118 
system can have an influence (e.g., in the context of the durability of barriers to 119 
intrusion), human intrusion scenarios tend to be dominated by significant and largely 120 
unquantifiable future uncertainties associated with if, how and when the scenario 121 
might occur. Thus, IAEA and ICRP recommend that such uncertainties be addressed 122 
at each step in the lifecycle of a disposal facility using a more stylized approach.  IHI 123 
scenarios should be selected from the perspectives of optimization and demonstration 124 
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of the robustness of the disposal system, such that the emphasis on addressing how 125 
the potential for and/or consequences of such scenarios can be reduced.   126 

There is agreement that inadvertent intrusion resulting in some disruption to 127 
the facility must be considered as part of the overall safety case for a radioactive 128 
waste disposal facility (see Chapter 4).  International recommendations also state that 129 
inadvertent intrusion should be addressed separately from the normal evolution 130 
scenarios. However, there is no agreed international position on exactly how to 131 
address IHI in a safety assessment, particularly concerning what safety assessments 132 
should be performed. There are many factors that could influence the potential 133 
impacts of inadvertent human intrusion. The HIDRA project addressed consideration 134 
of human intrusion from a variety of perspectives, including: 135 

• the selection of scenarios for assessing the potential impacts of IHI; 136 

• potential measures that could be considered to reduce the potential for1 137 
and / or consequences of IHI; and  138 

• societal factors   of interest when considering IHI in the safety case. 139 

There are many examples of other international projects (e.g., PRISM, 140 
GEOSAF, ISAM and the EC PAMINA and BIOPROTA projects) that have addressed 141 
inadvertent human intrusion and these were considered during the development of this 142 
document.  The aim of this document is to build on these previous projects and to 143 
provide clarification and support for requirements in existing IAEA Safety 144 
Requirements and Guides. 145 

                                                

1 The terms ‘likelihood’, ‘probability’, etc.  are used to reflect that it is not 
certain that intrusion will occur. These terms have similar meanings, but they are 
quite often used in different contexts. For example, the term ‘likelihood’is often 
viewed in a less quantitative perspective in the context of the possibility that HI can 
take place. On the other hand, the term ‘probability’is often viewed in a more 
quantitative manner, concerning the discussion on how probable it is that a specific HI 
event occurs (e.g., occurrence probability) (see for example PAMINA Handbook 

D.1.1.3 (2009)). Participants in HIDRA identified challenges with 
translation/interpretation of these terms in different languages. It was decided for the 
purposes of this project to use the term ‘reduce the potential for’ as a more general 
statement to reflect the desire to identify features that will help to delay or reduce the 
likelihood, probability, etc. of inadvertent human intrusion.  
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 PROJECT DESCRIPTION 3.146 

3.1 OBJECTIVES 147 

The objectives of HIDRA include: 148 

• Share experience and practical considerations for the development and 149 
regulatory oversight control of activities to consider potential IHI during 150 
development of the safety case  151 

• Provide a structured approach for identifying and selecting protective 152 
measures and/or scenarios that are applicable for site-specific safety 153 
assessments 154 

• Describe the role of assessments of IHI for decision making throughout the 155 
lifecycle of the safety case 156 

• Provide suggestions for communication strategies to describe the rationale for 157 
assessments of future human actions and for interpretation of the conclusions 158 
of those assessments for the public 159 

• Provide recommendations for WASSC and RASSC, as appropriate, for 160 
clarification of existing IAEA requirements and guidance relevant to the 161 
consideration of IHI. 162 

3.2 PROJECT SCOPE 163 

The HIDRA project addresses IHI involving a disruption of the disposal 164 
facility, occurring after closure and following the loss of institutional control for a 165 
properly closed facility. The events are assumed to occur when active and passive 166 
controls are no longer deemed effective to prevent IHI. Factors that influence the 167 
timing of when intrusion is assumed to occur are also addressed. Potential disruptions 168 
that may occur during operations or prior to loss of institutional control are not 169 
considered in this project, but are an area that needs to be addressed in the framework 170 
of a safety case, for example as accident scenarios. Likewise, as discussed previously, 171 
future human actions outside the near-field disposal system and deliberate or 172 
intentional acts leading to disruption of the disposal system are not addressed.  Human 173 
disturbances outside the contaminated near field  must be evaluated in the safety case, 174 
however, if they potentially modify the natural system so as to degrade system 175 
performance. 176 

The HIDRA project considered near surface and geological radioactive waste 177 
disposal facilities, including Very Low Level Waste (VLLW) facilities, facilities for 178 
Low Level and Intermediate Level Waste (L/ILW), High Level Waste (HLW), Spent 179 
Nuclear Fuel (SF) as applicable, and boreholes. Participants have provided experience 180 
from regulatory and implementation perspectives for facilities with a broad spectrum 181 
of designs, waste characteristics, regulatory frameworks and from differing levels of 182 
development of national radioactive waste management programmes. The influence 183 
of these different considerations on regulatory and implementation aspects of 184 
addressing IHI was a key topic for the project. Approaches for considering 185 
inadvertent human intrusion as part of decision-making in the context of the safety 186 
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case throughout the lifecycle of a disposal facility (e.g., siting, design, waste 187 
acceptance criteria, etc.) have been a particular emphasis of the project. 188 

3.3 PROJECT ORGANISATION 189 

Development of the project started in March 2012 with a small Consultancy to 190 
prepare a draft position paper outlining potential concepts to be addressed by a larger 191 
working group. A Technical Meeting involving representatives from more than 20 192 
countries was convened in September 2012. At the Technical Meeting, three primary 193 
Working Groups were established to address specific topic areas that contribute to 194 
consideration of human intrusion for a safety case for a disposal facility. The scope 195 
for the three working groups was further refined during a Consultancy in March 2013 196 
that formed the basis for the project organization. 197 

The three Working Groups addressed the following specific areas of interest: 198 

• Societal Factors 199 

• Stylised Scenarios, and 200 

• Protective Measures. 201 

Examples of interfaces between those working groups are illustrated in 202 
Figure 3.1. The three specific Working Groups fed input to an integrating function 203 
tasked with addressing the overall integration of the different aspects into an approach 204 
for identifying scenarios and/or measures that are applicable for including human 205 
actions in the safety assessment of a specific disposal facility, and also in decision-206 
making associated with the overall safety case. 207 

 208 
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  209 

Figure 3.1. Summary of Working Groups 210 

 211 

3.4 PARTICIPANTS 212 

The project included professionals from Member States who undertake 213 
technical activities related to the safety of radioactive waste disposal facilities.  They 214 
included technical specialists in issues related to safety assessment or the safety case 215 
and those responsible for the management and operation or regulation of waste 216 
disposal facilities. Between them, they had experience of technical, societal, and 217 
design and safety assessment aspects related to human intrusion. 218 

Participants contributed to the project by taking an active part in plenary 219 
discussions and Working Groupactivities, including contributing to project reports. 220 
Participants benefited from the exchange of information with experts from different 221 
countries and reported on national experience in addressing future human actions, 222 
especially human intrusion. 223 

  224 



 

FINAL DRAFT JANUARY 2017  
 

  P a g e  | 8 

   

HIDRA   

 IAEA AND ICRP RECOMMENDATIONS AND STANDARDS 4.225 

Development of a position regarding representation of inadvertent human 226 
intrusion in a safety assessment, needs to be undertaken in the context of the 227 
concentrate-and-contain strategy that is applied to disposal of solid radioactive waste 228 
(see Section 4.1 below). It is also important to understand existing requirements, 229 
recommendations and guidance from the IAEA, ICRP, and OECD/NEA related to 230 
consideration of inadvertent human intrusion. This section provides information that 231 
helps define the basis and expectations for the consideration of future human actions. 232 
This information provides context and perspective regarding human intrusion 233 
considerations. It is important to communicate such messages with interested parties 234 
early and regularly throughout the lifecycle of a disposal facility. 235 

A number of summary recommendations can be made based on these 236 
considerations: 237 

• Adoption of the concentrate-and-contain philosophy for radioactive waste 238 
management is believed to be the best approach for the long-term management 239 
of radioactive waste in terms of protecting people and the environment from 240 
the hazard posed by such materials.  However, this strategy could result in 241 
potentially greater consequences should someone disrupt the disposal system.  242 

• IAEA, ICRP and OECD/NEA agree that some form of inadvertent human 243 
intrusion needs to be considered to address the robustness of the facility in the 244 
case of a loss of effectiveness of institutional controls (notably, there is also 245 
agreement that deliberate intrusion – i.e. knowingly disrupting a disposal 246 
facility – should not be considered as part of the safety assessment). 247 

• Consideration of IHI with the assumption that the disposal facility may be 248 
disrupted is somewhat unique to radioactive waste disposal (in that it is 249 
typically not considered for hazardous or other waste disposal facilities). 250 
Consequences from inadvertent intrusion are considered in the context of 251 
optimisation rather than being compared with a regulatory dose constraint (i.e., 252 
It is typically not a ‘yes or no’ result that could, on its own, disqualify the 253 
viability of the disposal facility. However, intrusion has been considered for 254 
compliance with a specific performance requirement in some cases.). In 255 
general, the intent is to demonstrate and enhance the robustness of the disposal 256 
system by considering opportunities to reduce the potential for and/or 257 
consequences of inadvertent intrusion. However, for near-surface disposal 258 
facilities, quantitative assessments have been used to establish waste 259 
acceptance criteria (i.e. to determine whether a given waste stream requires 260 
deeper disposal), design criteria and operational practices.  261 

• When considering scenarios for inadvertent human intrusion, one or more 262 
stylised scenarios based on current practices near the disposal site (or globally 263 
accepted technologies) should be used rather than speculating about future 264 
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human behaviour. Protective measures can then be identified to reduce or 265 
mitigate the potential for and/or consequences associated with the scenarios.  266 

• The timing of inadvertent intrusion can be determined by active and passive 267 
controls or features2. Active controls are assumed to preclude inadvertent 268 
intrusion. Passive controls can delay the timing of intrusion whilst memory of 269 
the facility is retained. Passive safety features (depth, barriers, design) can 270 
preclude, delay, and or reduce the consequences of intrusion whilst the 271 
features remain effective. 272 

The following sections provide supporting information for these 273 
recommendations. 274 

4.1 WASTE MANAGEMENT PRINCIPLES 275 

The production of electricity in nuclear power plants and other uses of 276 
radioactive material result in the production of radioactive waste and spent nuclear 277 
fuel. The resulting radioactive waste constitutes a potential hazard for man and the 278 
environment.  279 

For all hazardous waste (including radioactive waste), there are two basic 280 
options for the management of waste for disposal (ICRP 2000, IAEA 2011a): 281 

• dilute and disperse the waste into harmless concentrations, within the 282 
biosphere; or 283 

• concentrate and contain the waste, to isolate it from the biosphere. 284 

For solid radioactive wastes there is a generally accepted international 285 
consensus that it should be concentrated and contained (IAEA 2011a, IAEA 2006, 286 
OECD/NEA 1995a). Further, disposal facilities for radioactive wastes should have 287 
passive engineered and natural barriers limiting the dispersion of radiotoxic elements 288 
into the biosphere (IAEA 2011a, IAEA 1997). These barriers should act to contain 289 
and retain the radiotoxic elements to the extent necessitated by the associated hazard. 290 

An inescapable consequence of the concentration of the waste, and its 291 
isolation into a disposal facility, is the potential exposure to concentrated radiotoxic 292 

                                                

2 The terms ‘controls’ (e.g., fences, security, monitoring, surveillance, 
maintenance) and ‘passive controls’ (e.g., land use restrictions, knowledge 
management, archives, markers) are used in this report to represent measures that are 
in place to delay or preclude the potential for someone to inadvertently disturb a 
disposal facility. The IAEA typically refers to these as ‘institutional controls’ and 
ICRP Publication 122 (ICRP 2013) has introduced the concept of ‘oversight’ to 
reflect these types of controls.  
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material should there be a subsequent disruption to the disposal facility barriers or 293 
direct contact with the waste. The IAEA, ICRP and OECD/NEA agree that both 294 
natural processes and human actions potentially disrupting isolation have to be 295 
considered in the design of a disposal facility as well as in the assessment of its safety 296 
(ICRP 2000). Waste classification systems (IAEA 2009a) generally address concerns 297 
regarding future human actions by recommending deeper disposal of wastes posing 298 
greater hazards. 299 

4.2 PROTECTION OF FUTURE GENERATIONS 300 

There is an international consensus (IAEA 2006, IAEA 1997, OECD/NEA 301 
1995a) that the society that receives the benefits of an activity resulting in waste 302 
should bear the responsibility of appropriately managing the waste. In doing so, the 303 
safety and freedom of action of future generations should be taken into consideration 304 
as far as reasonably possible. However, current society cannot be required to protect 305 
future societies from their own intentional and planned activities, if they are aware of 306 
the consequences. This is valid irrespective of the intent of the planned actions, i.e. 307 
whether they are carried out for benevolent or malicious reasons. Based on this 308 
reasoning, the IAEA, ICRP and OECD/NEA agree that only inadvertent human 309 
actions that may impact the barriers and safety of a repository need to be considered 310 
in its design and in the assessment of its safety. In the document “Future Human 311 
Actions at Disposal Sites” (OECD/NEA 1995b), the NEA working group defined 312 
inadvertent actions as: 313 

“Those in which either the repository or its barrier system are 314 
accidentally penetrated or their performance impaired, because the 315 
repository location is unknown, its purpose is forgotten or the 316 
consequences of the actions are unknown.” 317 

Active controls, preventing access to the site and unsuitable actions such as 318 
drilling or rock construction works, are considered to be the most effective protective 319 
measures against inadvertent disruptive actions.  These controls are generally 320 
considered sufficient to preclude inadvertent intrusion completely for a specified time 321 
frame, according to the regulations in a given country. A combination of protective 322 
measures, including suitable siting, disposal facility design and active and passive 323 
controls, act to delay the timing, reduce the potential for inadvertent intrusion and also 324 
help to reduce any potential consequences. Examples of controls include restricting 325 
use of the site and preservation of information about the disposal facility, its design 326 
and contents. 327 

However, the IAEA specific safety requirements for disposal of radioactive 328 
waste (SSR-5) (IAEA 2011a) state that the long-term safety of a disposal facility for 329 
radioactive waste must not be dependent on active institutional control. The ICRP, 330 
IAEA and OECD/NEA have recommended that the effects of future human actions in 331 
the form of inadvertent human intrusion scenarios be used in the safety assessment to 332 
identify and mitigate the potential consequences assuming a loss of control at some 333 
time in the future (e.g., IAEA 2011a, ICRP 2000, ICRP 2013). ICRP Publication 81 334 
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(ICRP 2000) describes human intrusion as a human action affecting repository 335 
integrity and potentially having radiological consequences. The NEA working group 336 
(NEA 1995b) stated that future human actions can adversely impact radioactive waste 337 
disposal systems; these actions must, therefore, be considered both in the siting and 338 
design of waste disposal systems, and in assessments of their safety. This requirement 339 
is reflected in IAEA SSR-5 in paragraph 1.10:  340 

“The specific aims of disposal are: 341 

(a) To contain the waste; 342 

(b) To isolate the waste from the accessible biosphere and to reduce 343 
substantially the likelihood of, and all possible consequences of, 344 
inadvertent human intrusion into the waste;…” 345 

4.3 FUTURE HUMAN ACTIONS IN THE CONTEXT OF A SAFETY CASE 346 

As already noted, the requirement to consider a loss of institutional control 347 
and subsequent IHI into a repository is somewhat unique for radioactive waste 348 
disposal when compared to disposal of other wastes (e.g., chemically hazardous 349 
wastes). Although some radionuclides have very long half-lives, the hazard associated 350 
with radioactive waste does decrease over time due to radioactive decay, whereas 351 
some chemically toxic wastes retain the same hazard potential for all time.  It may 352 
therefore be regarded as somewhat anomalous that the timescales considered in the 353 
safety assessment of radioactive waste disposal are very much greater than those 354 
generally considered sufficient for the safety assessment of chemically hazardous 355 
wastes.  However, assessments over very long timescales (hundreds, thousands, or 356 
even hundreds of thousands of years) lead to inevitable uncertainties.  One such 357 
uncertainty is that future human actions are unknown and cannot be predicted over 358 
these timescales.  As knowledge of the disposal facility and its associated hazard 359 
cannot be assumed to remain on these timescales, this gives rise to the need for a 360 
safety case to consider the possibility of various forms of human intrusion into the 361 
disposal facility at distant future times.   362 

IAEA SSG-23 provides guidance on implementation of the safety case 363 
approach for disposal of radioactive waste, including specific guidance for 364 
consideration of human intrusion (para 6.52 – 6.65).  According to SSG-23, the safety 365 
case will be developed and refined as the project progresses and will be used as a 366 
basis for decision making, for both regulatory decisions and other decisions relating 367 
to, for example, the design, supporting research work or site characterization 368 
activities. Development of the safety case is also recognized to be “an iterative 369 
process that evolves with the development of the disposal facility” (paragraph 4.10, 370 
SSG-23). IHI considerations are addressed as part of the basis for decision-making 371 
during this iterative process as the safety case matures over the lifecycle of the facility 372 
(see SSG-23’s Chapter 6). 373 

SSG-23 is also specific about the role of human actions that do not result in a 374 
direct disturbance of the disposal facility (paragraph 6.53):  375 
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“only those human actions that result in direct disturbance of the 376 
disposal facility (i.e. the waste, the contaminated near field or the 377 
engineered barriers) are considered human intrusion. Human actions 378 
resulting in the disturbance of the host environment beyond the 379 
disposal facility and its immediate proximity are not categorized as 380 
human intrusion, since they do not result in direct intrusion into the 381 
disposal facility. Such actions should be considered within the 382 
scenarios used for the assessment of long- term risks.”  383 

This project considers only actions that would be considered inadvertent 384 
human intrusion. 385 

4.3.1 Inadvertent Human Intrusion 386 

IAEA SSG-23 discusses the need to address specifically the impacts of IHI in 387 
paragraph  6.56: “In the safety assessment for a waste disposal facility, inadvertent 388 
(unintentional) human intrusion should be considered but quantification of the 389 
potential risks associated with deliberate intrusion need not be carried out.” An 390 
individual or group of individuals inadvertently intruding into the disposal facility 391 
(the intruders) could, at least for a short period, be directly exposed to radiation while 392 
being unaware of the associated potential hazard. Intrusion may also lead to 393 
radioactive material being brought to the surface and mixed with surface soils. This 394 
could lead to increased long-term exposure of individuals or groups that may establish 395 
a residence above or near the facility.  396 

IAEA, ICRP and NEA are very clear that deliberate intrusion or cases where 397 
someone knowingly is exposed to waste are not considered as part of the safety 398 
assessment. Whilst recognising that third parties might unwittingly be exposed to 399 
radionuclides as a result of deliberate intrusion by others, NEA (1995a) states 400 
nonetheless that “intentional disruptive events should not be considered in safety 401 
assessments”. In support of this position NEA (1995a) notes that, whilst it is widely 402 
accepted that the society that creates radioactive waste should bear the responsibility 403 
for developing a safe disposal system that takes into account the needs of future 404 
societies, the current society should not be expected to protect future societies from 405 
their own actions if the latter are forewarned of the consequences. 406 

Although the definition of ‘deliberate’ and ‘inadvertent’ are relatively clear, it 407 
is possible to imagine a situation when inadvertent intrusion becomes deliberate 408 
intrusion, i.e. when the intruder realizes that there is hazardous waste and does not 409 
stop the action. This is a factor that can be addressed as part of a discussion regarding 410 
the use of warning markers or protective measures intended to make it obvious to 411 
someone that they are drilling or excavating into something that is not normal soil or 412 
rock. This topic is addressed further in Section 7.3.3 of this report. 413 
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4.3.2 Use of Stylised Scenarios 414 

The IAEA, ICRP and NEA have all recommended that one or more stylised 415 
scenarios be developed to demonstrate the robustness of the disposal system rather 416 
than speculating about all types of inadvertent intrusion that could possibly occur, 417 
which cannot be known. ICRP Publication 81 (ICRP 2000) states: “Because the 418 
occurrence of human intrusion cannot be totally ruled out, the consequences of one or 419 
more typical plausible stylised intrusion scenarios should be considered by the 420 
decision-maker to evaluate the resilience of the repository to potential intrusion.” In 421 
the context of geological disposal, ICRP Publication 122 (ICRP 2013) states:  422 
“Therefore, the consequences of one or more plausible stylised intrusion scenarios 423 
should be considered by the decision-maker to evaluate the resilience of the disposal 424 
facility to potential inadvertent intrusion.” Consistent with ICRP recommendations 425 
and SSR-5, if human intrusion cannot be excluded for a certain disposal facility, the 426 
consequences of one or more plausible intrusion scenarios should be assessed (SSG-427 
-23, Paragraph 6.57). The emphasis for inadvertent human intrusion is on 428 
consequences associated with local actions rather than more global human actions 429 
such as climate change, which are assumed to be addressed as appropriate in other 430 
parts of the safety assessment. However, natural processes such as erosion at the 431 
surface or uplift for geologic systems can result in different considerations for 432 
intrusion (see discussion in Chapter 7). 433 

It is not possible to predict the evolution of knowledge or society, and thus, the 434 
set of future actions we can consider and assess can never be considered fully 435 
comprehensive or complete. In the light of this, the analysis of future human actions 436 
at the repository site can only be illustrative and never intended to try to be complete 437 
(OECD/NEA 1995b). By applying the available knowledge about the site and the 438 
repository design and a systematic approach to scenario development, a set of 439 
scenarios “describing what can be reasonably contemplated – rather than will be” 440 
(OECD/NEA 1995b) can be identified. Future human action scenarios can be 441 
regarded as representations of potential realities and the consequence analyses as 442 
potential impacts based on a set of assumptions. To avoid speculation about the 443 
future, the NEA working group concluded that the scenarios and consequence 444 
analysis can “be based on the premise that the practices of future societies correspond 445 
to current practices at the repository location and similar locations elsewhere”. Note 446 
that this includes the use of globally available technologies that are commonly used 447 
for similar geology in other locations, but may not be currently used in a given area. 448 

There are different approaches for considering intrusion. In some cases, 449 
probabilities have been considered and the approaches have been accepted by the 450 
regulators. However, it is recognised that estimates of the probability of intrusion are 451 
highly uncertain. It is generally recommended in ICRP Publications 81 (ICRP 2000) 452 
and 122 (ICRP 2013) that quantitative approaches to safety assessment that seek to 453 
evaluate the doses associated with human intrusion that may occur should not 454 
generally attempt to use a “risk-based” approach (that is consequence multiplied by 455 
probability). Nevertheless, risk-based approaches have been used in some safety 456 
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assessments. Chapter 7 includes some discussion of approaches to communicate the 457 
relative potential for different scenarios when discussing human intrusion. 458 

4.3.3 Inherent Protectiveness of Geological Disposal 459 

This project is considering human intrusion for near-surface and deeper 460 
disposal concepts, including geological disposal. It is important to maintain 461 
appropriate perspective given the inherent level of safety against IHI and other actions 462 
provided by increasing depth of disposal. Deeper disposal is specifically selected as 463 
an option to significantly reduce significantly the potential for IHI. IAEA SSG-23 464 
highlights this distinction in paragraph 6.52:  “human intrusion is particularly 465 
relevant for disposal facilities at or near the surface.”   It is emphasized that most 466 
human activities (e.g. construction operations, farming, etc.) that could lead to 467 
inadvertent human intrusion into a waste disposal facility take place near the surface. 468 
Human activities relevant for deeper disposal (i.e., at depths of a few tens of metres or 469 
more) are much less likely in any given location, especially for geologic disposal. 470 
However, activities may include drilling to geologic disposal depths (e.g. for water, 471 
oil or gas), and may also include surveys for exploration and mining activities, 472 
geothermal heat extraction or the storage of oil, gas or carbon dioxide at shallower 473 
depths.  474 

Thus, the specific development of scenarios and quantitative assessment for 475 
IHI is more targeted towards near-surface disposal. For near-surface disposal, in 476 
addition to design and optimisation considerations, intrusion often contributes to the 477 
development of waste acceptance criteria, determination of the necessary time frames 478 
for institutional controls and determination of whether a specific waste stream 479 
requires deeper disposal. For geologic disposal, the emphasis of intrusion 480 
considerations is the demonstration of robustness of the facility, primarily in terms of 481 
its siting and design.  482 

4.3.4 Timing of Intrusion – Active and Passive Controls and Safety Features 483 

An important consideration for addressing IHI is the identification of the time 484 
at which intrusion becomes a possibility. The timing of intrusion is influenced by 485 
societal factors (e.g., institutional controls and oversight) and by the disposal system 486 
(e.g., depth, barriers, design). There is agreement that societal factors are fully 487 
effective with active surveillance/security for some period of time when IHI cannot 488 
occur (this is referred to as active institutional controls or direct oversight). After this 489 
period of surveillance/security, memory of the disposal facility will not be lost 490 
immediately and can be expected to persist without direct surveillance for some 491 
period of time (this is referred to as passive institutional controls or indirect 492 
oversight). A disposal facility may also include concrete, metal or other barriers or 493 
features that will preclude or delay the time at which IHI can occur. For example, 494 
depth of disposal is a very effective means to reduce significantly reduce the potential 495 
for and consequences of IHI. Recommendations and guidance from IAEA and ICRP 496 
are summarised below. 497 



 

FINAL DRAFT JANUARY 2017  
 

  P a g e  | 15 

   

HIDRA   

IAEA SSR-5 addresses these concepts in paragraph 1.22(iii), “After its 498 
closure, the safety of the disposal facility is provided for by means of passive features 499 
inherent in the characteristics of the site and the facility and the characteristics of the 500 
waste packages, together with certain institutional controls, particularly for near 501 
surface facilities. Such institutional controls are put in place to prevent intrusion into 502 
facilities and to confirm that the disposal system is performing as expected by means 503 
of monitoring and surveillance.” Further clarification of the role and timing of active 504 
institutional controls is provided in Paragraph 4-29 of IAEA SSG-29, “As active 505 
means can be relied upon only for a limited period (up to a few hundred years), the 506 
possibility of human intrusion into the facility after such a period should be 507 
considered when assessing the safety of a near surface disposal facility.”  508 

Although the possibility of intrusion is considered at the end of active control, 509 
passive features (institutional controls and the passive safety features in the disposal 510 
system) may further preclude or delay the possibility of inadvertent intrusion or 511 
certain scenarios.  Passive controls (e.g., restrictions on land use, markers, knowledge 512 
management) may help to delay inadvertent intrusion. For example, SSG-29, 513 
paragraph 4.51 states “The use of passive measures, such as conservation of 514 
information in the form of markers and archives, including international archives, 515 
will reduce the risk of human intrusion over a longer period than is foreseen for 516 
active institutional controls, and should be considered.”  517 

The effectiveness of passive controls and safety features is further discussed in 518 
Chapter 7 and as part of the identification and evaluation of protective measures in 519 
Chapter 9. 520 

4.4 INTRUSION CRITERIA (OPTIMISATION RATHER THAN A 521 
CONSTRAINT) 522 

The overall positive benefits of the concentrate and contain approach are 523 
generally expected to outweigh considerations related to potential health effects 524 
associated with IHI. Thus, the ICRP and the IAEA have recommended that the 525 
consequences of IHI be considered in the context of an emergency and/or existing 526 
exposure situation, once the exposure is recognised, rather than as part of the normal 527 
evolution scenarios for which consequences are compared with the dose constraint. 528 
This also implies that the potential consequences are interpreted in an optimisation 529 
context to inform decisions rather than as a strict ‘yes or no’ compliance criterion that 530 
could be used to, on its own, to disqualify a site or disposal concept.  531 

Consideration of potential IHI is often different between near-surface and 532 
geological disposal, reflecting the fact that by its very nature, geological disposal is 533 
selected to reduce significantly reduce the potential for and/or consequences that 534 
could result from inadvertent intrusion. For near-surface disposal, intrusion scenarios 535 
can be evaluated in a more quantitative manner to establish waste acceptance criteria 536 
(e.g., to determine whether a given waste stream would require deeper disposal or 537 
disposal at a more favourable or preferable location). In the case of geological 538 
disposal, intrusion is generally considered in the context of optimisation of the 539 
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disposal approach (siting, selected measures, operational practices, design) 540 
recognizing the inherent safety of the choice to pursue geological disposal.  541 

4.4.1 ICRP and IAEA Criteria 542 

The ICRP has addressed interpretation of the assessments of IHI in 543 
recommendations for near-surface and geological disposal. For example, ICRP 544 
Publication 81 (ICRP 2000)3 includes the recommendation that:  545 

‘In circumstances where human intrusion could lead to doses to those living 546 
around the site sufficiently high that intervention on current criteria would almost 547 
always be justified, reasonable efforts should be made at the repository development 548 
stage to reduce the probability of human intrusion or to limit its consequences.” In 549 
the context of geological disposal, ICRP Publication 122 (ICRP 2013) states that: 550 
“The design and siting of the facility will have to include features to reduce the 551 
possibility of inadvertent human intrusion.” ICRP, IAEA and NEA identify 552 
approaches that can be used throughout the lifecycle of a disposal facility to reduce 553 
the possibility of intrusion and limit the consequences should intrusion occur (see 554 
Section 4.3).  555 

IAEA SSR-5 (IAEA 2011a) criteria for radiation protection in the post-closure 556 
period (para 2.15) include specific guidelines related to IHI: 557 

“(c) In relation to the effects of inadvertent human intrusion after closure, if such 558 
intrusion is expected to lead to an annual dose of less than 1 mSv to those living 559 
around the site, then efforts to reduce the probability of intrusion or to limit its 560 
consequences are not warranted. 561 

(d) If human intrusion were expected to lead to a possible annual dose of more than 562 
20 mSv (see Ref. [7], Table 8) to those living around the site, then alternative options 563 
for waste disposal are to be considered, for example, disposal of the waste below the 564 
surface, or separation of the radionuclide content giving rise to the higher dose. 565 

(e) If annual doses in the range 1–20 mSv (see Ref. [7], Table 8) are indicated, then 566 
reasonable efforts are warranted at the stage of development of the facility to reduce 567 
the probability of intrusion or to limit its consequences by means of optimisation of 568 
the facility’s design.” 569 

Item (e) highlights the use of optimisation when interpreting calculated 570 
consequences associated with inadvertent human intrusion. In cases where doses are 571 
in the range 1 – 20 mSv/yr, emphasis is placed on identifying and implementing 572 

                                                

3 Note that the ICRP has formed Task Group 97 to update the 
recommendations in Publication 81 related to surface and near surface disposal of 
solid radioactive waste. 
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measures that can help to reduce the potential for intrusion and/or limit the potential 573 
consequences. The identification of measures that can be applied to address such 574 
cases is a key component of this project. Note that, in the context of this project, 575 
measures are identified that relate to design as well as many other factors that can 576 
help to reduce the potential for and consequences of inadvertent human intrusion. 577 

IAEA SSG-23 provides specific guidance related to the application of the dose 578 
ranges, primarily applicable for near-surface disposal, in its Paragraph 6.59: 579 
“…“those living around the site” should be considered receptors in human intrusion 580 
scenarios. This does not mean, however, that the intruder should be automatically 581 
excluded from consideration. A distinction should not be made between the intruder 582 
and the residents. Indeed, these could be the same persons in the case of people living 583 
on top of a former site about which knowledge has been lost. Instead, a distinction 584 
should be made between the normal behaviour of people living near or even on the 585 
site, and events with a short duration and/or low probability of affecting a small 586 
number of people (such as road construction activities). Regarding the latter as 587 
‘industrial accidents’ would not require application of the same dose criteria to the 588 
intruders in these cases as those applied to the residents near or on the site. In 589 
accordance with this distinction, the actual contact of the receptor with the waste may 590 
be considered in scenarios, and the dose criteria for intrusion, as set out in Ref. [2], 591 
may be applied to the resulting exposure if this event is deemed to be possible in a 592 
normal residential situation.”  593 
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 GENERAL APPROACH AND LINKS WITH THE SAFETY CASE 5.594 

A general approach has been developed for the consideration of IHI, 595 
consistent with the concept of optimisation as part of a safety case described within 596 
the IAEA SSG-23. Section 5.2 includes further information about the role of IHI as 597 
part of the different components of the safety case. 598 

5.1 GENERAL APPROACH FOR IHI CONSIDERATION 599 

The general approach described here is to use an optimisation process to 600 
identify the stylised scenarios and measures to be considered at each step in the 601 
lifecycle for a specific disposal facility. The end result of this ‘optimisation process’is 602 
the selection of scenarios for consideration and the identification of measures that are 603 
or are not expected to be effective in reducing the potential for and/or consequences 604 
of IHI. Figure 5.1 illustrates the major components of the approach. Note that the 605 
approach in Figure 5.1 is designed to be implemented at each ‘key’ step (not 606 
necessarily every step) in the lifecycle of a disposal facility, thus a loop is included 607 
where measures identified in the assessment at one step in the lifecycle are 608 
implemented and included in the safety framework for the next safety case iteration in 609 
the lifecycle. 610 

 611 
The approach begins with a description of the safety framework for a disposal 612 

facility. The safety framework forms the basis for identifying the considerations 613 
related to IHI specific to a given facility. The second major component includes 614 
specific considerations for the identification of stylised scenarios and potential 615 
protective measures associated with IHI that are considered in the safety assessment. 616 
These two activities reflect a large part of the scope for participants in this project. As 617 
indicated, in Figure 5.1, the societal factors can influence both the safety framework 618 
and the selection of scenarios and protective measures considerations. The final steps 619 
in the approach address the assessment and analysis activities and how these efforts 620 
are used to identify measures that should and should not be recommended for 621 
implementation in the safety framework. Any updates to the safety framework are 622 
carried forward to the next step in the lifecycle. Each element of Figure 5.1 is 623 
described briefly below. 624 

 625 
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Figure 5.1. General approach used at each step in the lifecycle (Chapter 6) to identify 
measures that are effective for inadvertent human intrusion.  

 626 

5.1.1 Societal Factors 627 

Societal factors influence the safety framework and the approach to for 628 
considering IHI. Thus, societal factors are considered throughout the process and 629 
hence have been a major working area in the HIDRA project (see Chapter 7). A 630 
primary emphasis for Societal factors includes the effective communication of the 631 
purpose for considering IHI and the robustness that is added to the safety of a facility 632 
by implementing measures to reduce the potential for and/or consequences of 633 
intrusion. The general approach is designed to enhance communication by providing a 634 
means to document the types of measures that are considered and the benefits to 635 
robustness of the safety case that are provided by measures that are implemented. 636 
Uncertainties and the approach to managing them are also documented as part of the 637 
communications process. Societal factors also contribute to the definition of scenarios 638 
that are appropriate for a given site or facility and provide insights regarding 639 
approaches for knowledge management that can prolong the time frames over which 640 
the memory of the facility can be preserved.  641 
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5.1.2 Safety Framework 642 

The safety framework includes three components from the safety case as 643 
described in IAEA SSG-23: safety case context, safety strategy and disposal system 644 
description. These elements form the basis for identification of the baseline 645 
considerations for identification of scenarios and protective measures for IHI. The 646 
safety case context (see Section 5.2.1) addresses the basic conditions (e.g., waste to be 647 
disposed, purpose of the safety case, regulatory requirements, and interested parties) 648 
that must be considered. Clear recognition of the purpose of the assessment at each 649 
step in the lifecycle is important. The purpose of the IHI assessment should be aligned 650 
with the decisions to be made at the step in the lifecycle for which the assessment is 651 
being conducted (see Chapter 6). Regulatory requirements may specify, for example, 652 
institutional controls, a disposal concept, stylised scenarios, etc. that must be 653 
considered. 654 

The safety strategy (see Section 5.2.2) is consistent with the strategic 655 
considerations that have been adopted for the disposal facility and the regulations or 656 
national policies. Strategic considerations include, for example, site selection, 657 
geologic or near-surface disposal, use of institutional controls, etc. Strategic 658 
considerations may evolve over the lifecycle of the facility. The third element of the 659 
safety framework is the complete description of the disposal system (see Section 660 
5.2.3). This includes the technical details of the waste forms, disposal facility design 661 
and the natural system that can influence the potential for and/or consequences of 662 
human intrusion.  663 

5.1.3 Human Intrusion Considerations 664 

This component is a primary focus of the efforts on the HIDRA project. The 665 
stylised scenarios (see Chapter 8) and measures (see Chapter 9) elements were 666 
specifically addressed by two of the three HIDRA working groups. The first step for 667 
addressing IHI is to consider representative classes of events, as identified in Section 668 
8.3. These events may be developed into scenarios to reflect site- and facility-specific 669 
considerations (see Section 8.4). Based on these site- and facility-specific scenarios, 670 
measures to further reduce the potential for and/or consequences of intrusion are 671 
considered (see Section 9.2). The different types of measures that are available are 672 
described in Section 9.3. Feedback and iteration between these two activities leads to 673 
the identification of site-and facility-specific scenarios and measures that can be 674 
considered for further evaluation. 675 

5.1.4 Analysis and Implementation of Measures 676 

The assessment/analysis element includes the efforts to evaluate (qualitatively 677 
or quantitatively) evaluate the effectiveness of different measures in respect of 678 
reducing the potential for and/or consequences of human intrusion. For near-surface 679 
disposal, it is generally expected that a quantitative safety assessment of the potential 680 
consequences from an intruder analysis will be conducted. In this case, the intruder 681 
assessment is used to identify waste acceptance criteria in addition to addressing the 682 
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effectiveness of different measures. For geological disposal, the analysis may be more 683 
qualitative, with an emphasis on demonstrating the added robustness/effectiveness of 684 
measures to reduce the potential for and/or consequences of intrusion. 685 

The results of the assessment/analysis step are then used to identify the 686 
measures that provide the most benefit from an optimisation perspective. These 687 
measures are then evaluated from the perspective of potential conflicts with 688 
operational safety, post-closure safety or other safety-related activities. From a 689 
communication perspective, it is important to document the added robustness 690 
provided by the different measures that are selected. The final output is the 691 
identification of measures to be implemented in the safety framework for the next step 692 
in the lifecycle and also documentation of the basis for those measures that were 693 
considered but not recommended for implementation. (The dashed line in the figure 694 
returning to the beginning of the process reflects the restarting of the process for each 695 
step in the lifecycle, as discussed in Chapter 6.) 696 

5.2 HUMAN INTRUSION IN THE COMPONENTS OF THE SAFETY CASE 697 

This section follows the alphabetical sequence of components identified in 698 
Figure 5.2. Each component is introduced briefly here, followed by a more detailed 699 
discussion in the subsequent subsections. As discussed above, the first three 700 
components (A. Safety case context, B. Safety strategy, C. System description) 701 
provide the overall safety framework that establishes the baseline under which 702 
appropriate scenarios and measures are identified. Although the intent is to define the 703 
context and strategy to the extent possible at the beginning of the process, it should be 704 
recognised that it is likely there will be some evolution, especially in the strategy, as 705 
the project matures. Likewise, the system description (especially the waste acceptance 706 
criteria, design and/or closure concept) will be expected to evolve over the life of the 707 
facility. 708 

 709 
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Figure 5.2. IAEA SSG-23 safety case components. 

In the context of IHI, the safety assessment (D.) is the activity in which 710 
scenarios and measures specific to a disposal system are identified and evaluated and 711 
optimisation is considered. The analysis and assessment in this step can be qualitative 712 
or quantitative depending on regulations in a given Member State. The working group 713 
activities (Chapters 7, 8 and 9) describe approaches for identifying the scenarios and 714 
measures and also highlight societal and communication considerations that are 715 
considered during the process.  716 

 717 
During the development of the system description and safety assessment, there 718 

will also be on-going efforts for optimisation of the strategy and disposal system (E.). 719 
This can include consideration of the advantages and disadvantages of implementing 720 
different protective measures. Optimisation specific to human intrusion will need to 721 
be considered in the context of the overall approach to optimisation for the disposal 722 
facility, especially to consider potential effects of measures that may be implemented 723 
to address intrusion on the projected consequences from the normal evolution 724 
scenario. It is also important to identify and document uncertainties relevant for 725 
intrusion and describe how the uncertainties are managed in each step of the process 726 
(F.). Documentation of the rigor and thoughtfulness during the process of 727 
optimisation and management of uncertainties is an important foundation for building 728 
the communication strategy regarding HI. 729 

 730 
The result of the safety assessment and optimisation may include identification 731 

of measures that can reduce the potential for and/or consequences of HI scenarios and 732 
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can be shown to improve the robustness of the disposal system. The next step in 733 
Figure 5.1 is the documentation of limits, controls and conditions (G.), which in the 734 
context of human intrusion reflects the formal implementation of protective measures. 735 
At this step, it is important to document how the measures identified in the safety 736 
assessment and optimisation process will be implemented as part of the context, 737 
strategy and disposal system. This is an example of the iterative feedback that will 738 
evolve with each step in the lifecycle of a facility.   739 

 740 
The end of each iteration is the integration of the safety arguments (H.). This 741 

step is the demonstration that regulatory requirements have been met and measures 742 
are identified that will be implemented in the safety framework to be used for the next 743 
step in the lifecycle of the facility. This is also a key step to develop the description of 744 
how the robustness of the facility has been enhanced as a result of the considerations 745 
related to human intrusion. For this component, information should also be organised 746 
to explain how human intrusion considerations are reflected in decisions that have 747 
been made. 748 

Involvement with interested parties is an element that overlaps with all 749 
components of the safety case as illustrated in Figure 5.1. This aspect of a safety case 750 
is not assigned a letter as a step in the process, but it is a critical consideration 751 
throughout and is a focus of the societal factors working group. This reflects the 752 
importance of considering societal factors and communication strategies throughout 753 
the safety case development process. The following sections provide specific 754 
examples of considerations related to human intrusion for each of the components of 755 
the safety case identified in Figure 5.1. 756 

5.2.1 Safety Case Context  757 

Each iteration begins with identification of the baseline information or safety context 758 
that must be considered for human intrusion (Box A, Figure 5.2). According to 759 
SSG-23, the safety case context includes baseline considerations on which the safety 760 
case will be developed (Figure 5.3), for example:  761 

 

Figure 5.3. Examples of Safety Case Context  762 



 

FINAL DRAFT JANUARY 2017  
 

  P a g e  | 24 

   

HIDRA   

• defining the purpose for the safety case in the context of a graded 763 
approach (note that the purpose may be revised and refined to support 764 
decision making at each step throughout the lifecycle (siting, design, 765 
construction, operation, etc.), 766 

• identifying roles and responsibilities (government, regulator, operator, 767 
public involvement, etc.) and applicable regulations, and  768 

• identification of the waste to be managed, which has a strong influence 769 
on the safety strategy.  770 

 An important part of developing the safety context is the identification of 771 
applicable regulations and guidance for consideration of human intrusion. The 772 
regulations comprise the rules and conditions for the treatment of HI in safety cases 773 
and what is expected from the implementer in this matter. Furthermore, the 774 
regulations serve as the basis for defining the general scope of work for addressing 775 
IHI. The context needs to document all specific regulatory information that will 776 
impact the selection of scenarios and the safety assessment for intrusion (see 777 
examples below). 778 

The regulatory basis differs widely from country to country with some 779 
requirements being very prescriptive and others leaving detailed choices (e.g., site 780 
specific scenarios, receptors) to the implementer. Regulations often consider 781 
recommendations from international organisations and projects, e.g. EU, IAEA, 782 
OECD/NEA, ICRP, etc.  783 

In some Member States, scenarios and receptors or a general approach to 784 
consider inadvertent human intrusion are specified in regulations or regulatory 785 
guidance. Any such specifications would form part of the safety context. Therefore 786 
the safety context that has been adopted for IHI varies from one Member State to 787 
another and can also be different depending on the waste type for different disposal 788 
facilities in a given Member State (e.g., different approaches for LLW, ILW and 789 
HLW disposal, respectively).  790 

An important factor to be reinforced for the safety context is that human 791 
intrusion scenarios are not meant to convey any authoritative statement about the 792 
evolution of the site and future societal activities. As described in Chapter 4, from a 793 
safety case context and radiation protection perspective, intrusion is viewed from an 794 
optimisation perspective rather than a comparison with a dose constraint and is 795 
generally treated separately from the normal evolution scenarios. The intent is to 796 
provide added confidence in the robustness of the disposal system and to identify 797 
protective measures that can be effective in reducing the potential for and/or 798 
consequences of inadvertent human intrusion.  799 
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5.2.2 Safety Strategy 800 

According to SSG-23, the safety strategy (Box B, Figure 5.2) refers to the 801 
approach that will be taken in site selection and facility design.  The safety strategy to 802 
comply should reflect the safety objectives, principles and criteria, to demonstrate 803 
compliance with regulatory requirements and to ensure that good engineering practice 804 
has been adopted and that safety and protection are optimised (Figure 5.4). The 805 
potential for human intrusion must also be addressed as part of the safety strategy. 806 
The strategy is expected to evolve in an iterative manner as different measures are 807 
considered to address the potential for human intrusion.  808 

 

Figure 5.4. Example of Safety Strategy. 

The safety strategy should describe considerations related to the choice of 809 
disposal concept (e.g. depth of disposal, use of engineered barriers, remote location), 810 
waste classification (e.g. excluding certain wastes from certain concepts), approaches 811 
for managing uncertainties, approaches for involvement with interested parties, etc. 812 
Specific to intrusion, the safety strategy will need to address how considerations 813 
related to intrusion are used to demonstrate and enhance the robustness of the disposal 814 
system and also how IHI considerations influence the disposal concept, effectiveness 815 
of passive controls and operational decisions (e.g., waste placement, waste acceptance 816 
criteria), which may evolve over the lifecycle of the facility. Documentation of how 817 
IHI is considered in development of the strategy and how the strategy evolves as 818 
intrusion is considered will help with communication of the robustness of the disposal 819 
approach with interested parties.  820 

SSG-23 introduces a number of measures that can be considered as part of the 821 
safety strategy to reduce the potential for and/or mitigate the consequences of human 822 
intrusion into radioactive waste disposal facilities. These measures include active 823 
institutional controls and/or a system of durable physical barriers. Furthermore, 824 
compartmentalisation of the waste may reduce the consequences of an intrusion event 825 
for some disposal concepts. Probably, the most substantial reduction of the potential 826 
for and/or consequences of intrusion may be achieved by emplacing the waste at 827 

Safety Strategy

•Site Selection and Disposal Concept

•Defence-in-depth and Safety Functions

•Active and Passive Controls

•Selecting and Updating Protective Measures

•Managing Uncertainty
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greater depth. Remote locations and areas lacking resources that may be exploited can 828 
also be advantageous in the context of the potential for and consequences of intrusion. 829 
Although such measures are unlikely to eliminate completely the possibility of doses 830 
to the public from human intrusion, they may reduce the potential for human intrusion 831 
and/or its consequences. Chapter 9 includes a detailed discussion of potential 832 
measures that can be considered, including references to specific topics addressed in 833 
Chapters 7 and 8. 834 

The waste to be managed, as identified in the Safety Context, will have a 835 
significant influence on the choice of disposal concept and the safety strategy. From a 836 
regulatory perspective, there is a distinction in the consideration of human intrusion 837 
for near- surface and geological disposal facilities. For near- surface disposal 838 
facilities, SSG-23 recommends that calculations should be performed to assess the 839 
doses to the relevant potentially exposed persons and results are compared with 840 
specific dose criteria for existing exposures.  841 

However, in the context of geological disposal, SSG-23 recognises that the 842 
strategy to use geological disposal results in the relevance of human intrusion 843 
scenarios being more limited, as the depth and location of such facilities are 844 
specifically selected to make IHI unlikely. Therefore, SSG-23 states that given the 845 
overall robustness of geological disposal against intrusion and the fact that the time 846 
frames of concern are too large to enable meaningful estimates of possible impacts 847 
from intrusion events to be made, a quantitative assessment of IHI is not required.  848 

The most effective measures against inadvertent intrusion involve establishing 849 
the disposal facility in deep geological formations, establishing siting criteria, and 850 
providing for knowledge preservation in the long term. 851 

5.2.3 Disposal System Description 852 

Alongside the context and strategy, the disposal system is the third element of 853 
the fundamental basis on which potential IHI is addressed (Box C, Figure 5.2). The 854 
description of the disposal system should record the information and knowledge about 855 
the facility and surrounding environment in sufficient detail to form the basis for 856 
addressing potential IHI (see Figure 5.5). As for the safety context and strategy, 857 
additional information will be obtained and knowledge about the disposal system will 858 
evolve and mature as the project progresses and assessments are updated. Therefore 859 
there will be significant feedback and overlap between the system description and the 860 
safety strategy as the facility design is a key part of the safety strategy. Likewise, 861 
there will be feedback between the description of the environment around the disposal 862 
facility and the safety context in terms of the conditions to be considered when 863 
identifying IHI scenarios and potential dose pathways and receptors.  864 
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 865 

Figure 5.5. Examples of Disposal System Description. 866 

The system description should contain the information relevant for IHI, and 867 
depending on the type of disposal facility, may include information on the following:  868 

• The near field, including: (i) specific information about the waste (e.g. the 869 
origin, nature, quantities and properties of the waste and the radionuclide 870 
inventory); (ii) system engineering (e.g. waste conditioning and packaging, 871 
backfill/buffer materials, layout of disposal units, engineered barriers, cap or 872 
cover of the disposal facility); and (iii) the extent and properties of the zone 873 
disturbed by any excavation or construction work; 874 

• The far field, e.g. geology (properties of host rock), hydrogeology, hydrology, 875 
geochemistry, tectonic and seismic conditions, erosion rates, natural resources;  876 
 877 

• The biosphere, e.g. climate and atmosphere, water bodies, the local 878 
population, human activities, biota, soils, topography and the geographical 879 
extent and location of the disposal facility (also consider how this could 880 
change in climate change scenarios for geological disposal). 881 

 882 
Depending on the type of disposal facility, the description of the disposal 883 

system specific to human intrusion should consider the following:  884 

• A clear specification and description of the components of the facility and 885 
natural system and their interfaces and associated uncertainties relevant for 886 
human intrusion; 887 

• A description of the overall safety concept and the safety functions with a 888 
view towards being able to consider how intrusion could potentially 889 
compromise safety functions; 890 

• A discussion of how regulatory or other requirements related to human 891 
intrusion have been addressed in the facility design; 892 

• A description of the interactions that may occur between system components 893 
(e.g., dependence for safety, redundant or shared safety functions); 894 

• A description of how spatial heterogeneity and distribution of the waste has 895 
been taken into account, including associated uncertainties; 896 
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• A description of possible time dependent changes in the properties and 897 
behaviour of the system components and their interfaces with respect to 898 
reducing the possibility or consequences of human intrusion, including how 899 
components may degrade or fail, and associated uncertainties; and 900 

• A description of possible environmental changes and their impacts on the 901 
human intrusion considerations of the disposal system. 902 

 903 
The role of design features should be addressed in the context of assumptions 904 

regarding human habits and actions that form the basis for the human intrusion 905 
exposure scenarios (consistent with the safety context and safety strategy). This is to 906 
address the robustness of the disposal system with a view towards reducing potential 907 
consequences should intrusion occur. 908 

5.2.4 Safety Assessment  909 

The term ‘safety assessment’ (Box D, Figure 5.2) is used in SSG-23 to refer to 910 
all assessments performed as part of the safety case (see Figure 5.6). This 911 
encompasses all aspects that are relevant for the safety of the development, operation 912 
and closure of the disposal facility. Thus, the safety assessment also addresses 913 
qualitative aspects, non-radiological issues, and organisational and managerial aspects 914 
and is therefore referred to as ‘assessment/analysis’ in this document, to reflect the 915 
breadth of its scope. In the context of human intrusion, the emphasis is on reducing 916 
the potential for and/or consequences of human intrusion following closure of the 917 
facility. Nevertheless, it is important to recognise the need to consider potential 918 
effects of design or other measures included to address human intrusion in the context 919 
of the operational safety assessment. This is an important checkpoint before accepting 920 
a given protective measure. 921 

 

Figure 5.6. Broad perspective of safety assessment from SSG-23. 922 
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As discussed above, for the purposes of human intrusion, the focus will be on 923 
potential impacts specifically after an assumed loss of institutional controls. In this 924 
document, the emphasis of the safety assessment step is implementation of an 925 
iterative approach to identify scenarios and measures to be considered for 926 
assessment/analysis (see Figure 5.1). An important initial assessment is a screening 927 
step to identify scenarios and measures that are subsumed by others or have trivial 928 
impacts. The remaining scenarios and measures would be addressed as part of the 929 
assessment/analysis efforts.  Considerations for this assessment/analysis step are 930 
described in Chapters 7 and 9.  931 

Given the speculative nature of human intrusion and recommendations for the 932 
use of stylised scenarios, a key objective of this document is to identify representative 933 
classes of intrusion events that will serve as a starting point for context-specific 934 
consideration (see Chapter 8). The intent of identifying a few representative classes of 935 
intrusion events is to avoid undue speculation about the types of human intrusion that 936 
could occur. The assessment/analysis process generally starts with a set of the 937 
relevant classes of scenarios, which will be obtained through the approaches discussed 938 
in Chapters 7-9 (see Figures 3.1 and 5.1).  939 

5.2.5 System optimisation  940 

Optimisation of protection for a disposal facility is a process that is applied to 941 
the decisions made as the safety case evolves throughout the lifecycle of the disposal 942 
facility. This step is referred to as iteration and design optimisation in SSG-23 (Box E, 943 
Figure 5.2). In line with SSG-23, good engineering and technical solutions should be 944 
adopted, and good management principles should be applied to ensure the quality of 945 
all safety related work throughout the development, construction, operation and 946 
closure of the disposal facility. 947 

ICRP Publication 122 provides a general description of optimisation which 948 
can be assigned to different safety issues, including HI: 949 

‘“Optimisation has to be understood in the broadest sense as an iterative, 950 
systematic, and transparent evaluation of protective options, including Best Available 951 
Techniques, for enhancing the protective capabilities of the system and reducing its 952 
potential impacts (radiological and others).’ 953 

The NEA (NEA 2010, Optimisation of Geological Disposal of Radioactive 954 
Waste – National and International Guidance, NEA 6836) described optimisation as 955 
“the act of choosing the optimal combination amongst several technical provisions for 956 
complying with a series of requirements.” The NEA considered the process of 957 
optimisation in a topical session at the Integration Group for the Safety Case in 2012.  958 
The conclusion of this session was that once regulatory safety criteria had been met, 959 
optimisation should mean taking steps to proceed with the repository development in 960 
the most efficient means, which is likely to mean in the way that reduces time and 961 
cost of implementation without reducing safety. 962 
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Human intrusion will be a contributing factor to the optimisation process, but 963 
is likely to be secondary to considerations related to the expected performance for the 964 
normal evolution scenario in particular. Notably, measures adopted to address 965 
intrusion should not compromise performance for the normal evolution scenario.  966 

Optimisation should be conducted recognising the importance of effectively 967 
communicating the measures against intrusion and robustness of the system. Concepts 968 
such as ‘defence in depth’ and ‘passive safety’ are important considerations as part of 969 
optimisation and contribute to communications to highlight the robustness of the 970 
disposal approach. The selected options for measures in response to human intrusion 971 
concerns should be chosen by means of a well-defined, rational procedure. The goal 972 
of improved confidence in the selected option is more readily achieved if optimisation 973 
includes consideration of alternative options that are presented in the safety case with 974 
an assessment of their advantages and disadvantages, and a justification is provided 975 
for the preferred option. Further recommendations on decision-making and appraisal 976 
of alternative options are provided in IAEA SSG-23, paragraphs 4.64-4.71. 977 

5.2.6 Management of uncertainty related to human intrusion 978 

IAEA SSG-23 refers to The IAEA General Safety Requirements, GSR Part 4, 979 
Safety Assessment for Facilities and Activities (IAEA 2009b) for requirements related 980 
to addressing uncertainties in safety assessment (Box F, Figure 5.2). IAEA GSR Part 981 
4 states that ‘Uncertainties in the safety analysis have to be characterised with respect 982 
to their source, nature and degree, using quantitative methods, professional judgement 983 
or both’. Safety assessment for a radioactive waste disposal facility involves 984 
consideration of the performance of engineered and natural features over long times 985 
and assessment of exposures to humans and the environment far in the future. Given 986 
the nature of calculations far in the future, uncertainties that can and cannot be 987 
quantified are, and always will be, associated with the confidence in different 988 
components comprising the safety case. The need to identify and manage such 989 
uncertainties and their potential impact on decisions regarding regulatory compliance 990 
of the disposal system has long been recognised [e.g., (Vovk and Seitz 1995; Kozak 991 
1994) and the EC PAMINA project].  992 

Uncertainties related to forecasting human events far in the future (e.g., 993 
potential human intrusion) pose challenges to decision makers when explaining the 994 
safety of a disposal facility. The management of uncertainty generally is a key aspect 995 
of the safety case strategy.      996 

The IAEA PRISM project identified five general categories of uncertainty: 997 

• Data/parameter uncertainty, in terms of inputs, spatial and temporal variability; 998 
• Model uncertainty, in terms of conceptual and mathematical model 999 

development;  1000 
• Future/scenario uncertainty, in terms of the near-field geosphere and biosphere;  1001 
• Resource uncertainty, in terms of financial, human, technological, etc., and  1002 
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• Contextual uncertainty, in terms of the potential for changes in 1003 
regulations/laws, interested parties, etc. 1004 

Historically, especially in the context of a post-closure safety assessment, the first 1005 
three categories of uncertainty are the primary focus. Emphasis on these three 1006 
categories is reflected in recent safety assessment and safety case reports (e.g., IAEA 1007 
SSG-23-paragraphs 5.56-5.59, NEA 2012).  1008 

Uncertainties associated with inadvertent intrusion are largely dominated by 1009 
future/scenario uncertainties, which by their nature are not possible to quantify (i.e., 1010 
for time frames of many decades or hundreds and thousands of years, the future habits 1011 
and behaviour of people become increasingly speculative). However, there are also 1012 
technical uncertainties (data/parameter, model) associated with the evolution of the 1013 
natural and engineered systems that can have an influence on the effectiveness of 1014 
different measures to reduce the potential for and/or consequences associated with 1015 
intrusion (e.g., barrier longevity). Given that there are multiple regulatory 1016 
perspectives regarding consideration of human intrusion, there are also contextual 1017 
uncertainties that need to be managed (e.g., Are there requirements for quantitative or 1018 
non-quantitative assessment? Are specific intrusion scenarios identified in national 1019 
regulations that must be considered?). 1020 

During the development of a safety case, it should be expected that a variety 1021 
of different options will be used to manage uncertainties. In the case of IHI, there is 1022 
an emphasis on the use of stylised scenarios and current behaviour to represent human 1023 
actions associated with potential human intrusion in the future rather than trying to 1024 
quantify, what are largely speculative and unquantifiable uncertainties.  One approach 1025 
to managing uncertainty is by making pessimistic assumptions regarding events and 1026 
exposures in the context of stylised scenarios (e.g., assuming that there will be a loss 1027 
of institutional control, assuming intrusion will occur as soon as institutional control 1028 
is lost, etc.). However, distributions for parameters can be developed and 1029 
implemented in a formal uncertainty analysis to provide perspective on the range of 1030 
potential results. When developing input distributions and interpreting results from 1031 
such calculations, it is important to maintain awareness of the large uncertainties 1032 
associated with the speculative nature of assumptions regarding future human 1033 
behaviour. Sensitivity analysis can be a powerful tool in quantitative approaches to 1034 
identify which uncertainties are important to safety.  1035 

5.2.7 Limits, controls and conditions  1036 

The safety case and measures identified in the context of IHI should be used to 1037 
assist in the establishment limits, controls and conditions (Box G, Figure 5.2). Limits, 1038 
controls and conditions reflect the measures that are implemented for work and 1039 
activities that have an influence on the safety of the facility. Examples include: 1040 

•  controls on construction processes (e.g., materials providing a barrier to 1041 
intrusion); 1042 
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• controls on emplacement operations and backfilling materials and techniques 1043 
(e.g., specific distribution of waste to address IHI); 1044 

 site specific limits on the types, activities, concentrations and quantities of 1045 
waste that may be disposed of in order to ensure operational and long term safety;, 1046 
and requirements on surveillance / land use restrictions and on staff training  / 1047 
operational procedures (e.g., assumptions regarding active and passive controls). 1048 

Limits and conditions of particular importance for disposal facilities 1049 
(especially near-surface disposal) include the acceptability of the total waste 1050 
inventory.  However, in the context of IHI, the acceptable concentration levels for 1051 
specific radionuclides in the waste are typically of greater interest. For near-surface 1052 
disposal, these levels should be defined and/or justified considering the potential for 1053 
human intrusion.  The waste acceptance criteria should be established considering the 1054 
design and placement of individual packages and within the context of the entire 1055 
facility, for example by considering operational constraints and the analysis of 1056 
relevant stylised scenarios..  1057 

Further details on the derivation of waste acceptance criteria for near- surface 1058 
disposal facilities are provided in the safety guide on waste acceptance criteria and the 1059 
PRISM project report. 1060 

5.2.8 Integration of Safety Arguments  1061 

As per SSG-23, the safety case should provide a synthesis of the available 1062 
evidence, arguments and analyses (Box H, Figure 5.2). These should explain how 1063 
relevant data and information have been considered, how models have been tested, 1064 
and how a rational and systematic assessment procedure has been followed. 1065 

The safety case should acknowledge any limitations of currently available 1066 
evidence, arguments and analyses, and should highlight the principal grounds on 1067 
which a judgement has been made that the planning and development of the disposal 1068 
system should be continued.  The safety case should include the approach by which 1069 
any open questions and uncertainties with the potential to undermine safety will be 1070 
addressed and managed.   1071 

The safety discussion of IHI will rely substantially on qualitative and semi-1072 
quantitative information regarding the potential for and/or consequences of 1073 
speculative and uncertain scenarios.  In the integration of the safety arguments, it will 1074 
be important to recognise the rather different nature of IHI assessments using stylised 1075 
scenarios compared to the safety assessments of the normal evolution scenarios.  1076 
Therefore, generally, it will not be advisable to focus on quantitative arguments 1077 
related to intrusion, but rather to explain the steps taken to present the consideration 1078 
of reducing the potential for IHI and mitigating consequences of IHI as part of the 1079 
overall repository optimisation process.  This should include the identification of any 1080 
protective measures that have been selected to contribute to the increased robustness 1081 
of the disposal system. 1082 

1083 
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 HUMAN INTRUSION CONSIDERATIONS FOR DECISION MAKING IN 6.1084 
THE SAFETY CASE 1085 

This chapter considers the decision points in the development lifecycle of a 1086 
disposal facility, from its commissioning, through site selection, construction, 1087 
operation and closure through to the end of the licensed period. The key IHI 1088 
considerations that need to be taken into account at each decision point are identified. 1089 
The second section of this chapter focuses on the safety case context and presents a 1090 
framework for considering IHI by suggesting a storyline for the discussion of 1091 
potential human intrusion activities within the safety case. 1092 

The third section brings together the first two sections by indicating the lines 1093 
along which safety arguments in relation to human intrusion may be developed, i.e. 1094 
illustrating how good decisions taken during the facility development stages in 1095 
relation to IHI can be presented in the safety case.  These safety arguments are then 1096 
developed in more detail in subsequent chapters of this report. 1097 

6.1 HUMAN INTRUSION CONSIDERATIONS FOR DECISION MAKING AT 1098 
KEY STAGES IN THE EVOLVING SAFETY CASE  1099 

The development of a radioactive waste disposal facility involves a number of 1100 
decisions, typically taken when moving from one stage of the facility life cycle to the 1101 
next.  These decisions are generally supported by the production and examination of a 1102 
safety case.  At each decision stage all factors relevant to the safe development and 1103 
implementation of a disposal facility need to be considered.  This section discusses 1104 
what human intrusion considerations may need to be considered at each decision 1105 
stage.   1106 

Figure 6.1 (developed in the IAEA PRISM project) illustrates how the safety 1107 
case evolves over the facility life cycle and indicates (through the colour shading) the 1108 
relative roles of the operator, regulator and government at the different stages.  The 1109 
following sub-sections discuss the human intrusion considerations that may affect 1110 
decision making at each of the key stages identified in Figure 6.1. 1111 
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 1112 

Figure 6.1. IAEA PRISM project illustration of the evolution of the safety case 1113 
over the lifecycle of a facility. 1114 

6.1.1 Need for Action 1115 

At this first stage, the need to act to address the issue of accumulated 1116 
radioactive waste is likely to be driven by the desire to manage the waste safely.  1117 
Depending on the type of waste, this may mean conditioning it to a safe state (e.g. 1118 
vitrifying liquid wastes) and ultimately finding a permanent solution for management 1119 
of the waste (i.e., disposal).  The decision to dispose of waste rather than discharging 1120 
it to the environment leads to the potential for accumulation of the radioactivity in a 1121 
single location. Thus, right from the earliest stages of a disposal facility life cycle, 1122 
considerations of potential human actions for wastes concentrated in a single location 1123 
can contribute to the decisions that are taken by the key players (proponent, regulator, 1124 
local communities, other interested parties). 1125 

6.1.2 Disposal Concept 1126 

IHI considerations play an important role in the development of the disposal 1127 
concept.  In particular, the decision regarding whether deep disposal is required or if 1128 
near-surface disposal is acceptable will be determined by the waste concentrations and 1129 
the timescale over which the wastes need to be isolated from the human environment. 1130 
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A disposal concept will incorporate various barriers and measures to isolate 1131 
and contain the waste and provide long-term safety for people and the environment.  1132 
Whilst the primary objectives for human health and the environment must be met,  1133 
consideration should also be given in decisions regarding the disposal concept to the 1134 
possibility of IHI and to measures that can be adopted for the disposal concept that 1135 
could reduce the potential for and/or reduce or mitigate potential consequences of IHI.   1136 

For example, a disposal concept may include features that help to make it 1137 
resistant to intrusion activities, such as a robust engineered cover, container or barriers 1138 
such as a metal, concrete, or other materials that would make inadvertent intrusion 1139 
more difficult (see Chapter 9 for details regarding protective measures).  Features of 1140 
different disposal concepts can have competing benefits in the context of reducing the 1141 
potential for and/or consequences of intrusion. For example, concepts that minimise 1142 
stacking may also reduce the consequences of an intrusion activity involving drilling, 1143 
should one occur, by reducing the amount of waste retrieved from a vertical borehole 1144 
intrusion; however, less stacking could lead to a larger footprint and hence an 1145 
increased likelihood of intrusion.  Potential measures to address IHI need to be 1146 
considered within the context of the overall optimisation of the disposal concept and 1147 
should not diminish the safety of the normal evolution scenario. 1148 

6.1.3 Site Selection and Design 1149 

This is perhaps one of the most important decision stages in terms of 1150 
consideration of IHI.  Sites that have mineral resources, potable water or other 1151 
resources may be considered more likely to experience future human intrusion 1152 
activities and therefore may be considered less desirable to host a disposal facility.  1153 
For example ICRP 122 notes that, ‘“if a site is chosen in an area with no known 1154 
natural resources, the likelihood for inadvertent human intrusion into the facility may 1155 
be limited’”. However, siting considerations in the context of human intrusion need to 1156 
be weighed against other factors, including feasibility and operational and post-1157 
closure safety considerations and the availability of suitable and societally acceptable 1158 
sites.  1159 

The facility design will be optimised for overall safety under expected or 1160 
normal activities; but the optimisation process will should also address potential 1161 
measures for reducing the likelihood for and/or consequences of human intrusion and 1162 
other accident scenarios.  Therefore decisions about the facility design, including the 1163 
types and thicknesses of the various barriers, the layout of disposal vaults or 1164 
chambers, etc. may be influenced by IHI considerations as part of the optimisation 1165 
process.  A facility may also include design features that aim to warn any potential 1166 
intruder of the lurking hazard (see Chapter 9). 1167 

6.1.4 Construction  1168 

The construction phase will start with the decision regarding the granting of a 1169 
license to construct the facility.  Safety, both to workers and the public during facility 1170 
construction and operation and long-term environmental safety, will be primary 1171 
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consideration for the decision to grant a license for construction.  Considerations 1172 
related to the potential for IHI are likely to be included in the construction license 1173 
application, for example, in discussion to support the optimisation of the proposed 1174 
design and identification of specifications for features that may be added due to 1175 
considerations related to IHI (e.g., durability requirements for barriers, orientation of 1176 
disposal units/drifts).   1177 

6.1.5 Operation 1178 

Once a facility has been completely or partially constructed, depending on the 1179 
host rock of choice and the disposal system concept, there is likely to be a 1180 
requirement for a further licence submission to gain authorisation for waste 1181 
emplacement and operation of the facility.  The safety case for this licence submission 1182 
will incorporate any lessons learned during the construction phase (for example 1183 
greater knowledge of the rock structure and hydrogeological conditions – relevant for 1184 
deep geological facilities).  In the light of this increased knowledge, it may be 1185 
appropriate to update the IHI scenarios considered.  Throughout the operations phase, 1186 
it is likely that there will be periodic updates and reviews of the safety case.  In 1187 
particular, if there are any proposed changes to the operational practice or new waste 1188 
streams (which are to be expected over a period of several decades), their implications 1189 
for the safety case will need to be assessed and this may include any implications for 1190 
IHI considerations. 1191 

IHI considerations may also be taken into account for the development of the 1192 
waste emplacement strategy (e.g., a decision may be taken not to dispose of the most 1193 
active waste packages in the upper rows of a near- surface disposal facility).  Another 1194 
important consideration during the operational phase (and beyond) will be the keeping 1195 
of accurate records of the disposed wastes.  These records need to be clear and 1196 
accessible not only to the current decision-makers, but also to future generations.  The 1197 
maintenance of accurate records and general public knowledge of the location and 1198 
type of the hazard is one of the most effective measures that can be taken to reduce 1199 
the potential for IHI. 1200 

6.1.6 Closure  1201 

A decision will be taken to close the disposal facility once it has reached its 1202 
licensed capacity, is full, or if society decides that no further waste should be added.  1203 
The decision to close a disposal facility should include the requirements for the 1204 
effective backfilling (if any is needed to provide a safety function) of the waste 1205 
disposal areas and the sealing of all access-ways, drifts and shafts.  These closure 1206 
requirements should reflect the need to provide barriers to human access to the wastes 1207 
as well as to control potential preferential release routes from the disposal areas. 1208 

The closure decision should also include the policy or procedure for 1209 
maintaining the disposal facility site records, which should be finalised at this stage.  1210 
The decision regarding records management should have regard to the level and type 1211 
of information that needs to be maintained (for example, individual waste package 1212 



 

FINAL DRAFT JANUARY 2017  
 

  P a g e  | 37 

   

HIDRA   

contents and location, or the overall inventory and location of each disposal area).  As 1213 
already noted, the maintenance of clear and accessible records and public knowledge 1214 
of the hazards will be an important control in delaying and/or preventing future IHI. 1215 

6.1.7 Post-closure  1216 

Following the closure of the disposal facility, there can be a period during 1217 
which it remains under active controls.  During this period of active controls, the 1218 
disposal facility is likely to be monitored and there will be security at the site that will 1219 
effectively preclude any IHI.   Furthermore, if monitoring reveals any damage to the 1220 
facility, it can be assumed that this will be remediated.  This period is sometimes 1221 
referred to as ‘post-closure active institutional control’, ‘indirect, regulatory 1222 
oversight’ or ‘period of restricted use’. 1223 

At some point in time a decision will be taken to terminate active control of 1224 
the disposal facility site.  At this point the ownership of the facility site may change: 1225 
the site operator may relinquish the site to the State, or it may be sold for private or 1226 
public use.  Typically near-surface disposal facilities are relinquished to the State, 1227 
whereas the land above geological disposal facilities may be returned for alternative 1228 
use with caveats and agreements that extend land-use controls.   1229 

The decision on when to cease active controls is likely to depend on: 1230 

• the inventory of the disposal facility (and particularly for near-surface 1231 
facilities, the time at which the inventory has decayed to an acceptable 1232 
level); 1233 

• the regulatory framework and any regulatory requirements regarding 1234 
active controls; 1235 

• societal factors, for example the wishes of the local community, 1236 
whether the land is required for any alternative use (for geological 1237 
facilities) and any political drivers. 1238 

6.2 THE SAFETY CASE STORYLINE FOR HUMAN INTRUSION  1239 

It can be helpful when discussing the timing of the need to consider future 1240 
human actions in the context of the safety case to think of the life-cycle of a 1241 
radioactive waste disposal facility as a storyline, divided into a number of phases with 1242 
distinct features relating to the potential for IHI.  As already discussed, in the context 1243 
of IHI scenarios for the safety case, it is generally accepted that it is only necessary to 1244 
consider scenarios where any actions that disrupt the safety functions of the facility 1245 
are undertaken without knowledge by the intruders of the hazard presented by the 1246 
disposal facility.  We refer to such actions as being ‘inadvertent’.  By definition, IHI 1247 
cannot occur whilst there is general knowledge of the whereabouts of the facility and 1248 
the nature of its contents.  However, it is conceivable that knowledge of the site may 1249 
be retained by some sectors of society but not others; if the intruder has no knowledge 1250 
the intrusion would still be classified as inadvertent.  Thus, the level of knowledge of 1251 
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the facility is the key factor in defining the different phases of the safety case 1252 
storyline, as discussed in the following sub-sections.     1253 

6.2.1 Phase 0: Operational Period 1254 

This is the period during which the radioactive waste disposal facility is 1255 
operational.  It is the first period during which the site contains hazardous wastes and 1256 
hence the first period for consideration in the human intrusion safety case storyline.  1257 
There will be direct oversight (as defined by ICRP 122) of the site as it is licensed as 1258 
an active facility.  This period includes all the time during which waste is emplaced in 1259 
the facility; there may also be ongoing construction activities during the operational 1260 
period.  This period also includes the time taken by the processes of backfilling, 1261 
sealing and closing the facility.  During this period there is human action at the 1262 
facility, but it is planned and intentional and suitable protection will be in place for 1263 
workers, who will be aware of the hazardous nature of the materials with which they 1264 
are working.  By definition, IHI is excluded from this phase of the disposal facility 1265 
life-cycle. 1266 

6.2.2 Phase 1: Post-closure Active Control  1267 

This is the period that starts once the facility has been closed and sealed and 1268 
continues for as long as there is active, physical control of the site.  As a minimum 1269 
this will be a physical fence around the disposal facility site and routine surveillance 1270 
or similar means of controlling access to the site.  In terms of the terminology of 1271 
ICRP 122, this is the period of indirect, regulatory oversight. The IAEA refers to this 1272 
as the ‘active institutional control’ period. In this report, it is simply identified as the 1273 
period of ‘active control’.  During this phase, it is anticipated that the facility will be 1274 
monitored and any identified damage to the disposal facility will be remedied.  As 1275 
there will be security preventing any unauthorised access, it is not possible for IHI to 1276 
occur during this phase. 1277 

6.2.3 Phase 2: Post-closure Passive Control 1278 

This is defined as the period that starts immediately following cessation of 1279 
active control of the site.  This phase continues for as long as there is public 1280 
knowledge of the site and the hazard it presents. In terms of the terminology of 1281 
ICRP 122, this is the period of indirect, societal oversight.  The IAEA refers to this as 1282 
the period of ‘passive institutional control’. For the purposes of this report, it is simply 1283 
referred to as the period of ‘passive control’.   1284 

It is anticipated that records and controls, such as deed restrictions or 1285 
drilling/mining permitting requirements, will be maintained for any radioactive waste 1286 
disposal facility at the local, national and potentially international levels for a period 1287 
of time up to several decades and even centuries (such timescales may be justified, for 1288 
example, by considering the UK Doomsday Book created in the 11th century, 1289 
documenting land use and locations of towns and villages, populations and livestock 1290 
throughout England, which survives today).   1291 
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Whilst such records and knowledge of the facility are maintained, it can be 1292 
considered that it is unlikely that IHI occurs.  For example, whilst planning authorities 1293 
have knowledge of the facility it is highly unlikely there will be any major public 1294 
works project with authorised large-scale excavations at the site.  Whilst the 1295 
geological and mining communities have knowledge of the facility it is also unlikely 1296 
there will be any authorised borehole drilling at the site.  Markers placed at the 1297 
disposal facility site may also be considered to contribute to passive control of the 1298 
site. Such factors can help to limit the need to consider IHI during that time frame or 1299 
potentially limit the range of possible scenarios that need to be considered. 1300 

The extent to which credit can be taken of passive controls is likely to depend 1301 
on the national regulatory context.  At the very least, the safety case should present 1302 
arguments to explain how passive controls contribute to making any significant IHI 1303 
event highly unlikely (for example, it would require a major construction without 1304 
consultation of public records).  Section 6.3 discusses the safety arguments that may 1305 
be considered in this context. 1306 

6.2.4 Phase 3: Distant Future, Knowledge of Facility Hazard is Lost 1307 

This phase begins when there is assumed to be a loss of public knowledge of 1308 
the hazardous nature of the contents of the disposal facility.  In terms of the 1309 
terminology of ICRP 122, this is the ‘period of no oversight’. It may be possible that 1310 
there is some knowledge of a feature at the disposal facility location, for example it 1311 
may present a detectable signature on surface mapping techniques, but there is no 1312 
knowledge of the potential hazard the facility presents.  It is the loss of knowledge of 1313 
the hazardous nature of the disposal facility that defines this phase. 1314 

In this phase there is the potential for inadvertent human intrusion into the 1315 
disposal facility, or other human actions that could disrupt the safety functions of the 1316 
disposal facility.  Such activities could include drilling into the facility, mining or 1317 
excavating to the depth of the wastes. 1318 

The potential for such IHI will be greatly influenced by several factors, 1319 
especially the depth of the facility (e.g., it is reasonable to assume a much lower 1320 
potential for intrusion into a deep geological facility than into a near- surface facility).  1321 
Siting of the disposal facility away from known resources or populated areas can also 1322 
contribute to reducing the potential for the facility to be disturbed (e.g. by drilling 1323 
activities).  Probabilities or likelihoods can be difficult to quantify and justify in the 1324 
case of IHI that may occur far in the future.  However, a qualitative discussion of the 1325 
potential for intrusion can be meaningfully discussed in the safety case and may be 1326 
important in decisions relating to siting, design and optimisation, for example when 1327 
discussing the expected effectiveness of different strategies. 1328 

The consequence of inadvertent HI will depend on the: 1329 

• nature and characteristics of the waste (i.e. the waste form) and its level of 1330 
radiotoxicity, i.e. how harmful it is; 1331 
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• timing of the intrusion event, noting that the further into the future the 1332 
intrusion occurs, the greater the radioactive decay of the radionuclides in the 1333 
wastes (although for certain radionuclides, such as radium-226, there will be 1334 
ingrowth from the decay of long-lived parent radionuclides that will lead to an 1335 
increase in the radiotoxicity); 1336 

• amount of radioactivity that is brought into the biosphere; 1337 

• nature of the intrusion scenario, i.e. how many people come into contact with 1338 
the waste or contaminated soil/water and for how long, whether radionuclides 1339 
are ingested and/or inhaled and levels of exposure to external radiation; 1340 

• residual state of the disposal facility following the intrusion event, i.e. the 1341 
extent to which the intrusion event impairs the isolation of the remaining 1342 
wastes and whether the disposal facility is repaired following the intrusion 1343 
event. 1344 

This third phase is the phase most applicable to consideration of inadvertent 1345 
future human actions that have the potential to disturb the disposal facility.   1346 

6.3 DEVELOPING HUMAN INTRUSION SAFETY ARGUMENTS 1347 

As already noted in Section 6.1, when siting and designing a radioactive waste 1348 
disposal facility, consideration should be given to reducing the potential for human 1349 
intrusion scenarios and the potential consequences should they occur.  A number of 1350 
factors can be considered in the context of optimisation, for example:  1351 

• selecting a site with characteristics that correspond to a low history of drilling 1352 
or mining (i.e. there is a low history of excavation activities at the site and all 1353 
similar sites); 1354 

• selecting a site and/or engineered protective layers with a low potential for 1355 
erosion and/or uplift;  1356 

• increasing the depth of waste burial; 1357 

• selection of remote locations away from populated areas; 1358 

• placing durable markers at the site to increase the length of time before 1359 
Phase 3 (knowledge of the facility is lost) can reasonably be expected to occur; 1360 

• considering the use of  engineered barriers above the waste or designing waste 1361 
containers such that typically applied drilling or excavation techniques would 1362 
not access the waste (for example, the Yucca Mountain Project safety case  1363 
(Sandia National Laboratories 2008)  took credit in this respect for the role of 1364 
the titanium drip shields above the waste containers). 1365 
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However, when considering design features that may make a disposal facility 1366 
more robust to human intrusion scenarios, it is essential to consider the impact on 1367 
other aspects of system safety.  For example, introducing additional metal to 1368 
potentially ‘divert’ a drill bit, could lead to the generation of additional gas which 1369 
may lead to other, more likely, post-closure exposure pathways.  If that additional 1370 
metal is valuable and rising in value, it may entice future human intrusion.  Even 1371 
though such intrusion  would not be inadvertent, it is still best to avoid this scenario 1372 
by using more common, less costly materials to perform barrier safety functions if 1373 
possible.  It will be important not to reduce the overall robustness of the disposal 1374 
facility in order to mitigate potential, hypothetical future human action scenarios. 1375 

Although discussion of inadvertent human intrusion in a safety case is likely to 1376 
focus on the distant future (Phase 3 above), the earlier periods should not be ignored, 1377 
as discussion of the length of time during which inadvertent disruptive human actions 1378 
can reasonably be assumed not to occur helps to build confidence in the safety case.  1379 
It is one of the goals of disposal to isolate the wastes from the human environment for 1380 
as long a period as possible.  Therefore an important safety argument with regards to 1381 
the discussion of human intrusion events in a safety case is likely to be the length of 1382 
time for which any inadvertent human intrusion event can be regarded as being 1383 
extremely unlikely.  Credit can then be taken for the radioactive decay of the wastes, 1384 
reducing their potential hazard, during the period of isolation.   1385 

The safety case storyline can provide a helpful framework for presenting the 1386 
safety arguments that contribute to robustness of the disposal concept and mitigate 1387 
against the potential for and/or consequences of human intrusion events.  These safety 1388 
arguments are rooted in the decisions that are taken in relation to human intrusion 1389 
during the development of the disposal facility. 1390 

Potential protective measures that could be taken to reduce or mitigate IHI are 1391 
discussed in more detail in Chapter 9.  It is recommended that the discussion of IHI in 1392 
the safety case should focus on the measures that have been (or are planned to be) 1393 
taken to prevent or reduce the potential for a human intrusion event and/or reduce the 1394 
consequences should intrusion occur. Table 6.1 below summarises the societal 1395 
controls and design safety features that are relevant to each of the three post-closure 1396 
phases of active control, passive control and loss of memory.  The table indicates the 1397 
implications for the potential for inadvertent human intrusion in each phase and also 1398 
highlights that the hazard of the disposal facility is reducing due to radioactive decay, 1399 
as the potential for intrusion increases with time. 1400 

However, the safety case is also likely to need to make some analysis of the 1401 
potential consequences should an IHI event occur. Chapter 8 presents some suggested 1402 
stylised scenarios for consideration of human intrusion in the safety case.  These 1403 
should be treated as outside the base scenario or normal, expected evolution of the 1404 
disposal facility.  National regulations may define the extent to which such IHI 1405 
scenarios require consideration and the level of quantitative versus qualitative analysis 1406 
expected.  1407 
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TABLE 6.1. Post-closure Phases in the Disposal facility life-cycle in the context of HI 1408 
Considerations 1409 

 Time Frames 

 Active Control Passive Control Loss of Memory 

Societal Control Physical security 
at site 

Knowledge 
management, 
records, land use 
restrictions, site 
markers 

No knowledge of 
hazardous nature 
of site 

Design safety 

features 

Depth of disposal, 
barriers 

Depth of disposal, 
barriers 

Depth of disposal, 
barriers may be 
degrading 

Implications for 

likelihood of IHI 

No IHI IHI unlikely – 
safety case may be 
able to justify 
exclusion of major 
HI scenarios 

IHI is a possibility, 
but may still be 
mitigated by 
enduring design 
safety features 

Hazard of facility Disposal inventory Decaying 
inventory 

Decay may be 
significant for 
near-surface, low-
level waste 
facilities 

 1410 

Near- surface disposal will generally involve a quantitative assessment from 1411 
an optimisation perspective involving the potential for exposures associated with 1412 
waste that is brought to the ground surface and the results will likely play a role in 1413 
defining waste acceptance criteria and operational and design considerations.  For 1414 
geological disposal, it may be a qualitative or quantitative assessment involving some 1415 
intrusion in the contaminated footprint of the facility without necessarily directly 1416 
contacting waste, depending on the facility layout. The purpose for geological 1417 
disposal will focus on the objective of identifying protective measures that can be 1418 
beneficial in the context of optimisation of protection. 1419 

  1420 
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 SOCIETAL FACTORS  7.1421 

7.1 INTRODUCTION 1422 

Societal factors play an important role when addressing IHI as part of a safety case. 1423 
Consideration of IHI is relatively unique to radioactive waste disposal, thus it can be 1424 
an unfamiliar topic to interested parties more familiar with other types of disposal 1425 
facilities. Effective communication with interested parties is critical to for explaining 1426 
the basis for including IHI as part of a safety case for a radioactive waste disposal 1427 
facility and emphasising how IHI considerations are used to improve the robustness of 1428 
a disposal facility.  1429 

When considering how IHI may occur in a given location, societal factors related to 1430 
current technologies that are used (e.g., drilling, excavation) and human habits help to 1431 
define specific scenarios that may be considered. Societal aspects may be considered 1432 
in IHI scenarios in different ways in different projects, since there is no common 1433 
approach for addressing these uncertainties within a safety case. Differences arise 1434 
because of different interpretations of different international guidance (IAEA 2011b; 1435 
ICRP 2013) and national level regulations and also because of other potentially 1436 
important assessment- specific issues, such as the special interests of particular local 1437 
interested parties or features of the local geology and geography.  1438 

As HIDRA progressed, it became apparent that the most effective enduring defence 1439 
against IHI is maintaining the knowledge and awareness of the disposal facility and 1440 
the hazards associated with the waste. Examples of how societal factors are addressed 1441 
in IHI scenario development, the interpretation of the results, and communication of 1442 
these results to interested parties are discussed in international collaborative work, for 1443 
example that described in Smith et al. (2012).  1444 

However, the annual likelihood of such a scenario occurring is small. For 1445 
near- surface disposal facilities, IHI is considered more likely to occur due to the 1446 
increased accessibility (i.e., wastes are closer to the surface), although the type of 1447 
radioactive waste that is typically managed at near-surface facilities, has a lower dose 1448 
exposure potential at the time of disposal. If the assessed IHI doses are very large, this 1449 
could lead to a particular concept for disposal being modified or abandoned in favour 1450 
of geological disposal (see for example discussion in Smith et al. 2013). However, 1451 
although IHI assessments may show that the dose consequence from the intrusion 1452 
may be large, they are often built on a number of cautious assumptions and the 1453 
potential for an IHI scenario is in many cases very small. For both deep geological 1454 
and near-surface facilities, societal aspects play an important role in the development 1455 
of IHI scenarios and interpretation of IHI assessment results. An appropriate 1456 
communication of the assumptions and results with interested parties is crucial in 1457 
order to put the human intrusion scenarios and potential consequences into a proper 1458 
context. 1459 
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The Societal Factors working group organized its work into three different 1460 
topics: (1) communication of IHI scenarios;, (2) development of IHI scenarios;, and 3) 1461 
knowledge preservation. This chapter is organised as follows: 1462 

• Communication of IHI scenarios - how human intrusion scenarios can be used 1463 

to aid building confidence in the safety and robustness of radioactive waste 1464 
disposal facilities (section 7.2) 1465 

– Encouraging effective communication between different interested 1466 
parties during the life cycle of the disposal system (7.2.1) 1467 

– Communication of cautious assumptions (7.2.2) 1468 

– Use of likelihood in communicating results (7.2.3) 1469 

• Development of IHI scenarios  – how  societal factors are considered when 1470 
generating  IHI scenarios (7.3) 1471 

– Technological  development of society – global or local, present or 1472 
future (7.3.1) 1473 

– Human diets, habits and settlement pattern, and political and 1474 
economical changes influencing scenario selection (7.3.2) 1475 

– Deliberate vs. inadvertent intrusion what distinguishes inadvertent 1476 

intrusion from deliberate and thereby qualifies the scenario to be 1477 
included in the IHI assessment (7.3.3) 1478 

• Knowledge preservation (Section 7.4) 1479 

– Knowledge preservation during the active control period (7.4.1) 1480 

– Knowledge preservation beyond the active control period (7.4.2) 1481 

– Time frames for the preservation of knowledge (7.4.3) 1482 

7.2 COMMUNICATION OF IHI SCENARIOS - HOW HUMAN INTRUSION 1483 
SCENARIOS CAN BE USED TO EVALUATE AND COMMUNICATE THE 1484 
INTRINSIC SAFETY OF RADIOACTIVE WASTE DISPOSAL FACILITIES 1485 

One of the key purposes of a safety case is to provide a level of confidence to 1486 
all interested parties that human health and the environment are protected. Confidence 1487 
in the safety case is strengthened by the use of multiple lines of evidence leading to 1488 
complementary arguments demonstrating the safety of a disposal facility. IHI is 1489 
evaluated separately from normal evolution scenarios due to the fact that the potential 1490 
of occurrence is often very low and uncertain, but it has been decided that IHI needs 1491 
to be considered as part of a safety case. As stated in Chapter 4, IHI is generally 1492 
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considered using stylised scenarios with cautious assumptions of what would happen 1493 
if humans intrude into a disposal facility. The challenge from a communication 1494 
perspective is that some of these stylised scenarios can lead to calculated doses which 1495 
can exceed the doses calculated for normal evolution scenarios. Therefore, good 1496 
communication of the purpose and context for IHI is a key factor to consider when 1497 
developing and presenting the safety case for a disposal facility. It is important to 1498 
communicate the context of the scenarios and to provide perspective regarding the 1499 
cautious assumptions on which the scenarios are based.  1500 

It is important to maintain effective communication regarding the role of IHI 1501 
scenarios with operators, regulators, local communities and other interested parties for 1502 
the entire life cycle of a disposal facility (see Figure 6.1).  In addition to building 1503 
confidence in the safety case, communication may also contribute to scenario 1504 
development and help to build the framework for preservation of knowledge of the 1505 
disposal facility for long time periods and thereby help to reduce the potential for IHI. 1506 
Considerations for communicating the role of IHI in a manner that builds confidence 1507 
in the safety case (for example explaining the cautiousness of scenarios, and adding 1508 
context around the likelihoods) and communication strategies during the life cycle of 1509 
the disposal facility are discussed below. 1510 

7.2.1 Effective communication during the life cycle of the disposal system 1511 

Long-term safety of a disposal system is considered from the start of the life 1512 
cycle of the disposal facility. Different aspects of IHI considerations and different 1513 
levels of detail should be communicated as throughout the life cycle moves forward. 1514 
Different communication approaches are often needed for operators, regulators and 1515 
other interested parties. Communication with international organisations and use of 1516 
international peer reviews have proven effective to obtain independent feedback that 1517 
can be used in the development of the safety case for a disposal facility and may also 1518 
aid in building confidence in the safety case and increase knowledge of the disposal 1519 
facility. To achieve confidence in the safety case, it is strongly recommended to 1520 
present a transparent analysis to all interested parties throughout the life cycle of the 1521 
disposal facility.  1522 

Continuous communication and active engagement with interested parties 1523 
builds confidence and can increase the knowledge and awareness of the disposal 1524 
facility.  This in turn may lead to more effective preservation of knowledge of the site 1525 
over time (knowledge preservation is further discussed in Section 7.4 and Chapter 9). 1526 
In addition, a two way dialogue allows the operators (implementers) to take into 1527 
consideration the concerns of interested parties. For example, early communication 1528 
may provide feedback on the local site and possible inputs that may be used in the IHI 1529 
scenario development, such as the drilling technology commonly used at the site. (for 1530 
For scenario development see Chapter 8). The following are examples of 1531 
communication during the different stages of the disposal facility life cycle:. 1532 
 1533 
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Communication during disposal concept stage 1534 

At the disposal concept stage, it is recommended to communicate the story of 1535 
why a safety case is developed and the purpose of IHI as part of the safety case should 1536 
be explained to interested parties. Early emphasis needs to be placed on describing the 1537 
purpose of considering IHI as a means to improve robustness for optimisation rather 1538 
than trying to address all possible future human actions that may affect the repository. 1539 
Also, the rationale for selecting a few stylised scenarios to illustrate possible effects of 1540 
IHI (see Section 4.3) as a means to consider measures to improve safety should also 1541 
be described. Communication with members of the public could be implemented via 1542 
public meetings and presentations on measures that will be taken to reduce the 1543 
potential for IHI (e.g., the depth of disposal facility, its area and type of containment, 1544 
and/or location away from natural resources). At this stage it is also recommended 1545 
that operators and regulators begin discussions of possible stylised IHI scenarios that 1546 
may be assessed in the safety case. 1547 

General aspects of IHI can be communicated at this stage. For deep geological 1548 
repositories, communication should begin with the statement of fact that disposal 1549 
several hundred metres below the surface is specifically selected to isolate the wastes 1550 
and make IHI  unlikely and to significantly limit potential consequences even if 1551 
intrusion were to occur. For both geological and near- surface disposal facilities, it is 1552 
important to communicate all planned measures to show how IHI has been considered 1553 
in developing a robust disposal facility.  1554 

The FSC (Forum on Stakeholder Confidence) of OECD/NEA  (OECD/NEA, 1555 
2004) emphasises the importance of role clarification at all levels, such that 1556 
responsibilities are identified, transparent and clear to all interested parties early in the 1557 
waste disposal facility planning stages. Therefore, it is helpful at the concept stage to 1558 
start the communication to clarify responsibilities for the disposal facility after closure 1559 
and establish plans for assured financing for knowledge preservation and institutional 1560 
control (if such a strategy is intended for the disposal facility).  1561 

Communication during site selection and design stage 1562 

For the site selection and design stage, communication of IHI considerations 1563 
and IHI scenarios can be extended to include more details. For site selection, the 1564 
siting criteria should be clearly communicated including considerations for IHI, such 1565 
as the potential for valuable resource exploitation at the site.  At this stage, the 1566 
implementer should discuss ways to preserve knowledge of the site and describe how 1567 
that this is expected to contribute to overall safety (see Section 7.4). 1568 

In addition to scheduled public meetings and presentations, more detailed 1569 
discussions between all involved parties are recommended to begin to develop the 1570 
details of how IHI will be considered. This can be achieved through various fora, 1571 
workshops, working group meetings including local, regional and national 1572 
participants. Providing support to the local community to encourage active 1573 
involvement can be one way to start to build knowledge of the safety case, including 1574 



 

FINAL DRAFT JANUARY 2017  
 

  P a g e  | 47 

   

HIDRA   

IHI scenarios. One example of support to the local community could be to provide the 1575 
community with resources and data that allow them to conduct their own study to 1576 
consider measures that can improve the robustness of the safety case.  Local 1577 
community groups could consist of people representing the local and regional 1578 
communities, as well as experts selected by them. The local groups could learn more 1579 
about the project for the disposal facility, understand the underpinning science behind 1580 
the elements presented to them, and disseminate information to other members of the 1581 
community. Examples of such groups are found in France (CLIS of Bure), Sweden 1582 
(Forsmark community), Belgium (Stora and Mona), Canada (Community Liaison 1583 
Committees) and United States (Site-Specific Citizens Advisory Boards).  1584 

Communication of IHI assessments and methodologies in international fora is 1585 
also recommended as it contributes to sharing of lessons learned and effective 1586 
approaches to address IHI.  In addition, international best practices should be 1587 
explained when communicating with local, regional and national interested parties at 1588 
this stage, since international experiences may be used to build confidence in the 1589 
methodology used.  1590 

It can be emphasised in communication that, given the uncertainties regarding 1591 
future behaviour, stylised scenarios are recommended, i.e. not all possible future 1592 
human actions can or are intended to be included as part of the optimisation process. 1593 
Topics of IHI that can be discussed at the site selection and design stage include, as 1594 
applicable: the distance from urban areas, lack of residents, absence of mineral 1595 
resources, depth of disposal, etc.  Note that natural resources, such as geothermal 1596 
energy or groundwater, can be present over regional- scale areas. For such large- scale 1597 
resources, it may be explained that the potential to drill directly through the disposal 1598 
facility to reach the resource would be low given the actual extent of the resource. It is 1599 
also suggested to that providing contextual illustrations may help to explain the 1600 
concept of low intrusion potential.  1601 

As specific IHI scenarios are discussed, real life examples could be used to 1602 
communicate the assumptions made to interested parties.  For example, one of the 1603 
reasons that may be used to support the low likelihood of natural resources could 1604 
include: archived data from past activities (e.g. drilling) at the proposed facility site 1605 
and in the areas adjacent to the planned site, as exemplified in Smith et al (1988). 1606 
When communicating the results of IHI scenarios, the use of comparisons and 1607 
examples to which the public may be able to relate is recommended, for example by 1608 
making comparisons of the estimated dose from the disposal facility with doses 1609 
associated with natural background radiation. 1610 

 1611 

Communication during construction, operation, closure, and post-closure stage 1612 

In later stages (construction, operation, closure), the emphasis of 1613 
communication can shift to address the measures that were considered, and those that 1614 
are being taken against IHI (e.g., design features, operational approaches, closure 1615 
plans) (i.e., measures taken (Chapter 9)) and how those measures were selected based 1616 
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on the ability to reduce the potential for and/or consequences of IHI. The level of 1617 
caution in the selected IHI scenarios (Section 7.2.2) in the safety case and their low 1618 
potential of occurrence (Section 7.2.3) can also be emphasised. Moreover, it may be 1619 
appropriate to show how design of the facility has been optimised to reduce the 1620 
consequences of any intrusion activity. Such design aspects may be shown to be the 1621 
results of earlier stage assessments. 1622 

Communication with interested parties should continue to emphasise the 1623 
importance of knowledge preservation and identification of measures to foster 1624 
enduring knowledge of the disposal facility and hazards. The measures taken to 1625 
ensure knowledge preservations should be discussed with stakeholders to seek their 1626 
suggestions and to increase confidence in the safety of the disposal facility.  1627 

7.2.2 Possible cautious assumptions of IHI scenarios to be communicated 1628 

An unavoidable concern arising from considering rather extreme scenarios, not 1629 
typically considered for other waste disposal facilities, is that some of these stylised 1630 
scenarios can lead to calculated doses which can far exceed the doses from normal 1631 
evolution scenarios, especially if the probability or likelihood of a scenario occurring 1632 
is not considered. For this reason, it is important to consistently communicate the 1633 
purpose of the IHI scenarios in the context of optimisation and to explain how the 1634 
evaluation of IHI scenarios is unique to radioactive waste disposal facilities as a 1635 
means to add further robustness to the safety of the facility. An important element of 1636 
any part of this communication is to highlight the low possibility for IHI and the 1637 
measures taken to further reduce the potential for IHI when communicating results 1638 
from IHI analysis where probabilities of occurrence are not specifically included in 1639 
the calculations (see Sections 7.2.1 and 7.2.3).  1640 
 1641 
It is important not to over-emphasise numerical analysis of IHI (especially for 1642 
geological facilities), but rather to provide perspective about the number of cautious 1643 
assumptions that are often generally built into IHI scenarios. One way to do this is to 1644 
provide a list of all the assumptions that have been used in the scenario with some 1645 
explanation of why they are believed to be cautious. Communicating such a list, 1646 
specific to a given disposal facility, can help interested parties to understand 1647 
everything that would have to go wrong for IHI to occur. Depending on the site- and 1648 
facility-specific considerations and assumptions made in the IHI scenarios such a list 1649 
could include some or more of the following different combinations of: 1650 

• Assumed loss of knowledge of the repository; 1651 

• Assumption that IHI occurs (even in a remote site with low human activities);  1652 

• In some cases, it may be assumed that intrusion occurs immediately following 1653 
the end of the active control period with no credit for continuing knowledge 1654 
and passive controls; 1655 

• Assumption that intrusion occurs within the disposal facility footprint rather 1656 
than outside its footprint; 1657 
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• Assumed direct contact by intruders with radioactive waste (typical 1658 
assumption for near-surface disposal);  1659 

• Assumption that that a drill will not be stopped by or deflect around barriers, 1660 
containers or waste forms, leading to recognition of the anomaly and hazard; 1661 

• Assumption that the driller/construction worker will not recognise that 1662 
something is wrong (e.g., non-soil material in cuttings or excavation); 1663 

• Assumption that the drill hole is not closed and sealed after recognition of the 1664 
hazardous waste; 1665 

• Assumed drilling and use of a well for water without considering water 1666 
quality; 1667 

• Assumed residents establishing home/garden on the drill cuttings rather than 1668 
in an area without cuttings; 1669 

• Assumption that some of the cuttings are respirable rather than considering the 1670 
actual grain sizes; 1671 

• Assumption that cuttings will behave like soil with respect to uptake in plants; 1672 

• Extreme exposure assumptions for occupancy and local food production and 1673 
consumption, rather than those relevant to typical situations. 1674 

 1675 
It is not expected that an analysis of a facility would need to detail all the above 1676 

assumptions, but the list is intended to highlight assumptions that are often made or 1677 
requested during development of scenarios, perhaps without consideration of their 1678 
overly cautious nature. Depending on the level of interest, different levels of detail of 1679 
the assumptions may be discussed. In general, the assumptions are related to either 1680 
one of:  1681 

1) knowledge of the facility and timing of intrusion ;  1682 
2) occurrence and location of intrusion; 1683 
3) recognition of the waste and actions upon intrusion;  1684 
4) cautious assumptions regarding potential exposures,; or 5) assumptions 1685 

regarding the development of society. Some discussion regarding communication of 1686 
these groups of assumptions is discussed further below.  1687 

Assumptions regarding the knowledge of the repository and time of intrusion 1688 

Since only IHI is considered, the starting point of scenario analysis is an 1689 
assumption that there has been a loss of knowledge of the nature and hazard of the 1690 
disposal facility. A cautious option is the assumption that all knowledge is lost and 1691 
IHI occurs immediately following the end of the active control period in spite of all of 1692 
the measures in place to preserve and maintain knowledge of the facility. Approaches 1693 
for preservation of knowledge and time frames for knowledge preservation are 1694 
discussed in Section 7.4. The challenge is that people can question the level of 1695 
certainty associated with preserving knowledge beyond active controls. This 1696 
highlights the importance of effective communication of measures taken to preserve 1697 
knowledge. It can be argued in communication that knowledge is likely to be kept 1698 
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much longer than is often assumed in the IHI scenarios. For example, it is not realistic 1699 
to assume an immediate loss of knowledge because of the high level of attention 1700 
associated with radioactive waste disposal. It is, in fact, difficult to imagine a loss of 1701 
knowledge of such a highly publicised activity.     1702 

There are examples of archives being kept for many hundreds of years (e.g. 1703 
archive of the Roman Church (Macfarlane 1959, and more widely discussed in 1704 
Holtorf and Högberg 2014 and the UK Doomsday book, providing a detailed 1705 
documentation of land use in the 11th century AD, which still exists today). Actual 1706 
examples of long- term archives could be used in the safety case communication 1707 
showing that it is likely that knowledge of the disposal facilities could be kept for 1708 
very long time frames, even if these time frames are not directly credited in the 1709 
analysis.  All the measures taken to preserve knowledge could be used in 1710 
communication to build confidence that knowledge will be prolonged for long time 1711 
frames, e.g. continuous education of current and future generations, long-term plan by 1712 
implementing passive controls early in the lifecycle (e.g. a national day of 1713 
recognition), markers. (See Section 7.4 and Chapter 9 for further considerations of 1714 
knowledge preservation) . 1715 

Occurrence and location of intrusion 1716 

It can also be communicated that even if knowledge of the disposal facility is 1717 
lost, the potential for intrusion at a given time and location may still be very low, 1718 
especially for disposal facilities in remote, sparsely populated areas without known 1719 
natural resources. For example, it is possible to communicate the low potential using 1720 
population density information and data on drilling frequencies in the area based on 1721 
present and historical data.  It may also be reasoned that IHI into the actual disposal 1722 
facility may be very inlikely by comparing the area of the repository footprint with the 1723 
surrounding area where drilling or other activities are just as likely to occur. Likewise, 1724 
and depending on the disposal facility concept, even if drilling within the footprint of 1725 
the disposal area occurs, the likelihood of actually penetrating a waste canister might 1726 
be lower than the likelihood of drilling between the radioactive waste canisters, 1727 
especially for geological disposal facilities with significant spacing between 1728 
containers/drifts for high-heat-generating wastes. Furthermore, for some kinds of 1729 
geological disposal facilities, present day information from drillers may indicate that 1730 
the drilling technique used would make it more likely that the drill would deflect 1731 
around the waste container rather than penetrating it (the implications of alternative 1732 
drilling techniques are discussed in some detail in Smith et al. 2013).  Thus, whilst 1733 
there may be pressure to make very cautious assumptions for IHI, it is important to 1734 
maintain a more realistic perspective when communicating results involving such 1735 
assumptions.  Ideally, the pressure to perform extremely conservative calculations can 1736 
be deflected by making a reasoned case for a more realistic stylized approach.   1737 
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Recognition of the radioactive waste and actions that are taken following 1738 
intrusion 1739 

There is often an assumption in IHI scenarios that, if drilling or excavation 1740 
directly into waste occurs, the potentially hazardous nature of the radioactive waste is 1741 
not immediately recognised. The degree of caution in this assumption could be 1742 
discussed, taking into account the type of IHI occurring, and what would be expected 1743 
to occur given current practices. Indeed, while it is probably reasonable in the case of 1744 
indirect intrusion (not direct contact with the radioactive waste) to assume that the 1745 
nature of the materials excavated is not recognised, it is more doubtful that a driller 1746 
would not recognise that something was wrong in the case of direct intrusion resulting 1747 
in contact with radioactive waste, for example in a near-surface facility.  1748 

The presence of man-made materials may cause some change in the actions 1749 
taken by the intruder, reflecting present day civil engineering practice on the 1750 
discovery of the material. Deep drilling IHI implies access to a high level of 1751 
technology by the intruding society. and in particular, the presence of metals and 1752 
waste materials, particularly, for example, if found in a salt formation, would be very 1753 
obvious and quickly recognised as artificial; therefore it is plausible that the hazard 1754 
would be recognised and appropriate actions taken. Also, for a deep disposal facility, 1755 
the radioactive nature of the material might be recognised, as when drilling a borehole 1756 
in a new geological environment, geologists often carry out drill logging using 1757 
gamma rays in the borehole to characterise the rock or sediments. However, in the 1758 
case of facilities with large continuous areas of waste rather than dispersed individual 1759 
containers, unless and until that recognition occurs, the drillers would be at risk of 1760 
exposure, both from any core material brought to the surface, and from contaminated 1761 
drilling fluids coming to the surface (Smith et al, 2013). In communication, it can be 1762 
explained that present day techniques could allow earlier recognition of the nature of 1763 
the disposal facility than the cautious assumptions that some may want made in the 1764 
IHI analysis. Early recognition would most likely lead to measures to being taken, 1765 
such as the intrusion being stopped, and a period of institutional control might be re-1766 
introduced, thereby preventing IHI for a period of time afterwards. 1767 

Cautious assumptions during scenario development 1768 

In some IHI scenarios for near-surface disposal facilities, it may be assumed 1769 
that the drill hole is utilised as a water resource using water that had been 1770 
contaminated by earlier leaching from the disposal facility. It may also be assumed 1771 
that drill cuttings are deposited on the ground surface and mixed with the soil, which 1772 
may then be used as a vegetable garden plot. In communication, it could be described 1773 
that based on current practices, when drillers recognise the hazard, they would likely 1774 
not only to stop the drilling but also to take precautions to prevent others from being 1775 
exposed. The drill hole would presumably be sealed preventing humans from utilising 1776 
the water. In addition, it is common practice in many countries to check water quality 1777 
before utilising a well. If there is an expectation to consider such scenarios for IHI, 1778 
current practices could be used to highlight the  cautious nature of such assumptions 1779 
used in developing the IHI scenarios. 1780 
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In communication, it can also be explained that it is unlikely, after recognition 1781 
of the hazards, that drill cuttings would be left on the ground potentially exposing 1782 
future inhabitants if the area is used for a vegetable garden plot. For a vegetable 1783 
garden plot, it can also be discussed that a landfill containing drill cuttings probably 1784 
would have to be mixed with more suitable soil to be of sufficient quality for the crop 1785 
growth, since drill cuttings would most likely be composed of coarse material and 1786 
waste material not suitable for agriculture. Further cautious assumptions that need to 1787 
be carefully considered for scenario analysis are that the radionuclides in the drill 1788 
cuttings would be taken into the vegetables in the same way that uptake would occur 1789 
from soil. However, radionuclides may be sorbed in a different manner bound within 1790 
the waste cuttings and are unlikely to be easily taken up by the plants. Obtaining 1791 
actual data for the accessibility of the radionuclides from waste cuttings to the plants 1792 
may be  difficult (and is not required), rather the pessimisms in the scenario 1793 
assumptions in the scenario should be emphasised as a further line of evidence of the 1794 
high degree of caution in IHI scenarios.  1795 

Assumptions regarding the development of society 1796 

As discussed in Chapter 4, it is generally expected that IHI scenarios are 1797 
developed based on known technology and current practices given that the scenarios 1798 
are simply assumed to be an indicator of what could happen and recognising that we 1799 
cannot claim to predict what future technology may be available (see Section 7.3.1).  1800 
However, in the short term, one can make reasonable extrapolations of current 1801 
practices (engineering and technology), expert judgments, and social sciences. It can 1802 
be communicated that development in technology may increase the ability to identify 1803 
radioactive waste in disposal facilities at great depth but may also lead to 1804 
identification of other natural resources situated in close proximity.  Although 1805 
identification of resources could increase the potential for intrusion, it can be argued 1806 
that the potential for IHI would most likely decrease following technological 1807 
development as the hazardous nature of the material would be more likely to be 1808 
identified. If a society is capable of finding resources at great depths, for example 1809 
copper in waste canisters, it is also likely to be able to detect the radioactivity and thus 1810 
be aware of the potential hazard, and such an intrusion would then be considered as a 1811 
deliberate intrusion.   1812 

7.2.3 Use of probabilities/likelihoods in communication of IHI 1813 

Since the consequences from the types of exposures associated with stylised 1814 
IHI scenarios can be relatively high, they can give rise to concern, if the context and 1815 
purpose of the calculations are not explained. It is recommended that the actual 1816 
potential for a given IHI scenario to occur is discussed (see also Section 7.2.2) even if 1817 
it is not specifically included in any calculations. The potential for intrusion can be 1818 
addressed using concepts like such as probabilities or likelihoods. Likelihood tends to 1819 
reflect a more qualitative estimate, whereas probability generally refers to quantitative 1820 
estimates (e.g. PAMINA 2011). As discussed earlier in this report, for the purposes of 1821 
the HIDRA project, likelihoods or probabilities are addressed in a general sense with 1822 
the concept of the ‘potential for’ inadvertent intrusion. 1823 
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Consideration of the potential for human intrusion into a given disposal 1824 
facility can help to provide qualitative information to support the inclusion or 1825 
exclusion of certain human intrusion events from an assessment and also provide 1826 
quantitative information for risk calculations where it is required. A number of 1827 
approaches have been used to derive probabilities (e.g. NEA 1989, NEA 1995a, ICRP 1828 
2000). There are examples from several countries for deep and near- surface facilities 1829 
where probability for IHI in certain areas has been calculated based on historical 1830 
drilling/deep exploration data for that area (see for example, Smith et al. 1988, Smith 1831 
et al. 2013, Swift 2013, SKB 2010). However, it can be difficult to calculate and 1832 
justify probabilities (Grimwood and Smith 1989). In fact, the uncertainties are such 1833 
that several references go as far as stating that it is not possible to derive verifiable 1834 
probabilities for future human actions, especially for the long time frames relevant for 1835 
deep geological facilities (e.g. OECD/NEA1995a, PAMINA 2011). It should be 1836 
recognised that for near- surface disposal facilities at or just below the ground surface, 1837 
the probability for the assessment of consequences that IHI will occur sometime after 1838 
the end of active institutional control is often set to 1 as a cautious assumption, 1839 
implying that it is difficult to completely rule out potential IHI. However, given the 1840 
cautious assumption that for the purpose of optimization, IHI is generally assumed to 1841 
happen after loss of memory and controls, the probability of  IHI in any given year 1842 
will be significantly lower than one.  1843 

Although it can be difficult to state a specific probability, it is reasonable to 1844 
communicate the likelihood of intrusion occurring and that certain measures can be 1845 
taken to reduce the potential for intrusion. From this perspective, it is useful to explain 1846 
that the potential for IHI is one consideration early in the life cycle of a disposal 1847 
facility, for example when developing site selection criteria or deciding between near-1848 
surface or geological disposal for a given waste stream. The potential for IHI may 1849 
decrease by locating a disposal facility away from known natural resources (IAEA 1850 
2011b), e.g. several countries aim to minimise the potential for IHI by avoiding areas 1851 
where there has been a history of drilling or where there are exploitable resources 1852 
(e.g. Switzerland -NAGRA 2002, UK – Siting criteria, 2014, Sweden -SKB 2010, 1853 
Finland-Smith 2013). Locating near-surface facilities in remote areas can also 1854 
decrease the potential for human intrusion. Typically, radioactive waste disposal 1855 
facilities are sited away from population centres for public-acceptance reasons, not 1856 
just to lower the IHI potential.  Other examples of measures against intrusion are 1857 
passive in nature such as markers or anti-intrusion barriers.  These can, further reduce 1858 
the likelihood for IHI (see Chapter 9 for more examples of such measures).  1859 

In cases where it is deemed too difficult to derive and justify probabilities, it is 1860 
possible to provide information to demonstrate that the measures adopted for 1861 
development of the facility can make the potential for IHI very low. If quantitative 1862 
doses from intrusion are calculated, those results should always be directly qualified 1863 
with a discussion of the relative potential for a given IHI scenario to actually occur. 1864 
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7.3 ROLE OF SOCIETAL FACTORS WHEN DEVELOPING IHI SCENARIOS  1865 

Assumptions regarding future human actions need to be defined and justified 1866 
consistent with societal norms. No one is able to predict with any certainty the future 1867 
evolution, behaviour, and actions of humans. Nevertheless, it is possible to describe 1868 
different possible societal contexts based, for example, on the assumed level of 1869 
societal development (SKI/SSI/SKB, 1989). IAEA (2003b) notes that the types of 1870 
societal assumptions needed to support the assessment are dependent on the degree of 1871 
conservatism or realism desired in the analysis and the end points to be considered. It 1872 
is reasonable and consistent to select IHI human habits which are consistent with 1873 
societal assumptions used to support other safety assessment scenarios. Societal 1874 
factors can also play a role in defining mitigation measures against IHI.  1875 

When generating IHI scenarios both technological and societal factors should 1876 
be considered. According to OECD/NEA (1995a) the scenarios “can be based on the 1877 
premise that practices of the societies correspond to current practices at the 1878 
repository location and similar locations elsewhere”.  The Societal Factors working 1879 
group identified several potential factors to consider during development of IHI 1880 
scenarios: 1881 

• Technological development of society – global or local, present or future 1882 
(Section 7.3.1) 1883 

• Human diet and habits, political, economic, environmental and other changes, 1884 
which may influence scenario selection and measures (Section 7.3.2) 1885 

• Recognition of the hazards of a disposal facility. Although the definitions of 1886 
deliberate and inadvertent are very clear, it is possible to imagine a situation 1887 
when inadvertent intrusion becomes deliberate intrusion as the intruder gains 1888 
knowledge of the hazard (Section 7.3.3). 1889 

7.3.1 Technological development of society - global or local, present or future  1890 

The technological status of a society can significantly affect the potential for 1891 
IHI into a disposal facility. For near-surface disposal facilities, the capability to 1892 
intrude into the facility does not require sophisticated technology. However, intrusion 1893 
into a geological disposal facility requires more sophisticated technology ( i.e., the 1894 
capacity for deep drilling or deep mining). With the availability of sophisticated 1895 
technology, there would also be an increased likelihood of recognising the hazardous 1896 
waste and in turn this decreases the potential for IHI, a fact that is valid for both near-1897 
surface and geological disposal facilities.  It is of course true in general, for both near-1898 
surface and geological disposal facilities, that the more technologically advanced a 1899 
society, the greater the chance that the nature of the hazard would be detected 1900 
following any intrusion event. 1901 

Over the long time spans of a disposal facility, the technological status of 1902 
society is likely to change. Technological status has grown at a rapidly increasing rate 1903 
in the recent centuries and it is likely to increase further in the future with new 1904 
techniques becoming available to society. However, although an increase in 1905 
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technological development is expected, there are large uncertainties associated with 1906 
the development of technology and society. Thus, to avoid speculation, several 1907 
sources (NEA 1995a, Wilmot et al 1999, SSI 2005, IAEA 2014) recommend that IHI 1908 
scenarios be developed based on present-day social structures and technological 1909 
capabilities consistent with protecting future generations at a level consistent with 1910 
current generations (see also Section ‘Assumptions regarding the development of the 1911 
society’ in 7.2.2). Access to technology is not the same worldwide. However, 1912 
information exchange and collaboration worldwide are increasing and thus also 1913 
developing countries are often using advanced technology.  1914 

The general knowledge level of the society is important since it will determine 1915 
whether future generations will be able to interpret available information on the 1916 
radioactive waste disposal facility.  If the detailed information on the radioactive 1917 
waste characterisation and/or the function of the radioactive waste disposal facility 1918 
has been partially lost and the disposal facility is rediscovered, the general knowledge 1919 
level determines whether people will recognise what they have found.  In addition, it 1920 
will affect whether they will be able to restore those functions of the disposal facility 1921 
that may have been impaired. The knowledge level of the society is linked to 1922 
technical development and for scenario development (see Chapter 8) it is 1923 
recommended to assume that an intruder would have the same ability to recognise the 1924 
hazard of the radioactive waste as present day people. 1925 

7.3.2 Human diets, habits and settlement pattern, and political and economical 1926 
changes influencing scenario selection  1927 

Human diets and physiological needs 1928 

When quantitative approaches are used to address the potential consequences 1929 
of IHI, the choice of diets and other exposure model assumptions for IHI scenarios 1930 
should generally be consistent with assumptions for the rest of the safety assessment, 1931 
as applicable, given the nature of the IHI scenarios relative to the normal evolution 1932 
scenarios. It is recognized that habits will change for future generations, but there is 1933 
no basis for speculating about what changes will occur in the context of a safety case. 1934 
Thus, it is generally accepted to calculate doses to future generations using 1935 
assumptions based on habits of the current generations, implying maintaining the 1936 
same level of protectiveness. Physiological needs are assumed to remain constant and 1937 
as today (e.g., Information on metabolic data and models consistent with the most 1938 
recent recommendations of ICRP and other international and national organisations).  1939 

Human habits and settlement pattern, environmental change  1940 

Human habits and settlement patterns could affect the potential for IHI. 1941 
Facilities are often located in less populated areas to reduce the potential for IHI. 1942 
Although measures can be taken to prevent human migration into the area, depending 1943 
on the suitability for human development, with time these areas may become more 1944 
densely populated which, depending on the depth of the facility, may increase the 1945 
potential for IHI to occur.  Although likelihood for IHI in disposal facilities at or near 1946 
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the surface may increase if local population increases, the likelihood for IHI into 1947 
geological disposal facilities may decrease since deep drilling usually does not take 1948 
place in densely populated areas. However, this may not be true for drilling involving 1949 
geothermal energy, as the boreholes aiming at hot water aquifers need to be located as 1950 
close as possible to the populated areas and perhaps directly under them.  Remote 1951 
areas (e.g. desert settings away from populated areas), where there are limited 1952 
resources, are not likely locations for current settlement and would pose the same 1953 
challenges for future settlement (e.g., availability of sufficient drinking water). 1954 
However, it is not possible to ensure that such areas will not be populated in the 1955 
future. Therefore, although it can be credited as a safety advantage to situate disposal 1956 
facilities in remote areas, this consideration cannot solely be used to justify that IHI 1957 
will not occur in the future and the potential for and/or consequences of IHI are still  1958 
considered. 1959 

In general, environmental change may make an area more or less attractive for 1960 
living. For example, no humans are assumed to inhabit glaciated/submerged areas 1961 
during glaciations and ice retrieval phases. Likewise, areas that today are not suitable 1962 
for living due to overly dry or cold conditions may become wetter and/or warmer due 1963 
to climate change and thereby more suitable for living.  Climate change is generally 1964 
considered in other areas of the safety case and does not specifically have to be treated 1965 
in the IHI scenarios. However, change in the climate may be taken into account in IHI 1966 
scenarios as a factor that could influence the potential for intrusion to occur in the 1967 
area.  1968 

Disposal facility sites may be modified due to a variety of processes such as 1969 
climate change and landscape evolution that may change the nature of the biosphere 1970 
and its habitability (as will have been discussed in the wider safety case).  Erosion of 1971 
coastal sites or land-rise in areas subjected to de-glaciation is also possible. This may 1972 
have an effect on the type and potential for IHI to occur.  1973 

Political, economic and other changes 1974 

A potential concern for maintaining records is political and economic 1975 
disturbances that may occur over time frames associated with a disposal facility. 1976 
These factors could be taken into account in consideration of the length of the 1977 
effective control period, i.e. the time frame for which memory of the disposal facility 1978 
is kept (see Section 7.4.3). However, there are good examples of records that have 1979 
survived for many hundreds of years in spite of dramatic political and economic 1980 
changes. For example, there have been many societal changes in Europe over the past 1981 
hundreds of years and many records have survived (e.g., the Doomsday Book in the 1982 
UK). Keeping records in more than one central archive, i.e. at regional, national and 1983 
international levels, may lead to more chances of memory of the disposal facility 1984 
being retained.    1985 
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7.3.3 Deliberate vs inadvertent intrusion - what distinguishes inadvertent from 1986 
deliberate intrusion?  1987 

IHI is considered for the safety case (i.e. it can only occur because of loss of 1988 
knowledge of the disposal facility, the location of the disposal facility is unknown, its 1989 
purpose is forgotten, or the possible consequences of the intrusion are unknown). This 1990 
implies that an individual or group of individuals are exposed to the radioactive waste 1991 
whilst being, at least initially, unaware of the associated potential hazard. Such 1992 
inadvertent intrusion could occur for a number of reasons, but it is only possible after 1993 
a loss of knowledge and land-use control.  1994 

Although the definitions of deliberate and inadvertent intrusion are reasonably 1995 
clear, it is possible to imagine a situation when inadvertent intrusion becomes 1996 
deliberate intrusion (e.g., when the intruder realises that there is hazardous waste but 1997 
does not stop the action).  An inadvertent intrusion might become deliberate very soon 1998 
(e.g. as soon as one recognises something is not correct). However, even if future 1999 
humans realise something is unusual about the site, they might not immediately 2000 
recognise the degree of hazard related to the materials they have encountered.  2001 

Even though there might be abnormalities or markers warning the future 2002 
humans, it is not certain that they will understand the warning signs. The problems of 2003 
effectively communicating over thousands of years have to be acknowledged and 2004 
have been discussed in Mann (1986) and in Appendix B of Jensen (1993). Thus, even 2005 
if there are measures taken to make the intruder aware of the hazards, IHI scenarios 2006 
may be identified as inadvertent at the beginning of an intrusion, and are analysed up 2007 
to the point when the intruder is assumed to recognise the hazard. The potential for an 2008 
early recognition of the hazard leading to the intruder to stop their actions can be used 2009 
in communications to illustrate low potential for a fully inadvertent exposure and 2010 
thereby help to further support the robustness of the waste disposal facility (see 2011 
Section 8.2.3).   2012 

7.4 PRESERVATION OF KNOWLEDGE  2013 

Given the dependence of IHI on an assumed loss of knowledge of the disposal 2014 
facility, it becomes clear that the most reliable measures against IHI are those directed 2015 
at preserving knowledge of the disposal facility. The longer the knowledge of a 2016 
disposal facility system is maintained, the longer IHI into the disposal facility may be 2017 
avoided. In order to build the necessary framework for long-term preservation of 2018 
knowledge of the facility, it is recommended to start building memory of the disposal 2019 
facility during the early phases, design and planning stages, and to continue during the 2020 
construction, operational, closure and active post-closure control phases of the 2021 
disposal facility.   2022 

After closure, a period of active control may contribute to the safety of certain 2023 
disposal facilities, but due to uncertainties regarding the future, the active control 2024 
period is limited for a certain period of time (IAEA 2012 section 6.62, 6.73). 2025 
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Examples of active measures are a presence at the site, physical protection of the site, 2026 
and surveillance (see Section 7.4.1 and Chapter 9).   2027 

There exist opposing views on whether active controls are preferable or not. In 2028 
one view, the statement of “not imposing undue burdens on future generations” 2029 
implies that the long-term safety of such a facility shall not rely on human actions, 2030 
such as an extended active control period. For geological facilities, such an approach 2031 
may be considered as achieved due to of the inherent isolation of the facilities from 2032 
the surface environment. Another view is that active institutional control is a 2033 
fundamental element of the lifecycle of a disposal facility to allow for maintenance 2034 
and confirmation of performance beyond closure and to provide for extended 2035 
protection from inadvertent intrusion – this is expecially important, for near-surface 2036 
facilities.  2037 

Regardless of the period of active control, it is suggested to build long-term 2038 
relationships with different interested parties including, operators, regulators, local 2039 
communities, national and international societies and experts (e.g. resource-2040 
geologists). It is noted that knowledge of the facility will be best preserved if the local 2041 
public is involved and understands that it is in their interest to help to preserve 2042 
knowledge and to start preserving knowledge early. Passive or indirect controls can 2043 
contribute to the preservation of knowledge well beyond the end of active controls. 2044 
These could include, for example, ensuring that public records on the disposal facility 2045 
are kept and restrictions on land use and permitting requirements for mining or 2046 
drilling are in place (see section 7.4.2 and Chapter 9). 2047 

In recognition of the importance of knowledge preservation, there is an 2048 
ongoing NEA project entitled, “Preservation of Records, Knowledge and Memory 2049 
(RK&M) across Generations”, that includes discussions of effectiveness of different 2050 
measures aimed at knowledge preservation (OECD/NEA 2015). This project plans to 2051 
create maps of potential components of a systemic approach to RK&M preservation 2052 
that considers the different timescales and that relies upon a number of inter-related 2053 
communication mechanisms. Examples of communication mechanisms include 2054 
national archives, markers and time capsules, international frameworks and the "Key 2055 
Information File" (KIF). The KIF work will provide an international, standardised 2056 
structure for synthesising key information about each national repository. In addition, 2057 
the RK&M project will co-operate with the NEA Radioactive Waste Management 2058 
Committee’s  Regulators' Forum on the issue of transfer of responsibilities from 2059 
today's oversight bodies to future bodies at some point in time. 2060 

This section includes a discussion on how measures can be taken to help 2061 
reduce the potential for IHI by building knowledge during the active control period 2062 
and preserving that knowledge beyond the active control period. In addition, time 2063 
frames of knowledge preservation in IHI scenarios are discussed.   2064 
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7.4.1 Knowledge preservation during the active control period 2065 

In the safety case, it must be demonstrated  that a variety of appropriate 2066 
controls and measures are maintained during an active control period to ensure that 2067 
human actions do not adversely impact the safety functions of the disposal facility. 2068 
This means that there must be an organisation and resources available to maintain 2069 
active controls as required during the the specified time period. In addition to funding, 2070 
it is necessary to maintain specialised technical competence and staff able to 2071 
implement controls for long periods of time.  In addition to maintaining controls, the 2072 
active control period should also be used to continue to enhance the approaches to 2073 
preserve knowledge of the disposal facility with a large number of people.  2074 

Effective ways to build, maintain and promote knowledge during the active 2075 
control period can include: 2076 

• Layering and redundancy of control measures to carry out roughly the same 2077 
function. For example, several entities could be responsible for keeping 2078 
knowledge of the disposal facility (e.g. ministries responsible for planning, 2079 
national geological societies, public school systems).  2080 

• Monitoring of the disposal facility and its environment and routine reporting 2081 
to confirm the assumptions used in the safety case.  2082 

• Implementing a reliable financing and administrative management system. 2083 

• Updating the safety case periodically throughout the life- cycle of the disposal 2084 
facility. It is a good practice to make the safety case a ‘living document,’ to 2085 
keep memory, and to maintain expertise for both operators and regulators.  2086 

• Promoting the presence of the facility (e.g., community and public school 2087 
tours, inclusion of information about the facility in public school studies, 2088 
regular events recognising the facility) 2089 

7.4.2 Knowledge preservation beyond the active control period 2090 

The potential for IHI increases when active controls are no longer in place.  2091 
Passive controls (e.g. archives and restriction of land-use) may also prevent or delay 2092 
the potential for IHI but have weaknesses in terms of long-term reliability (U.S. 2093 
National Research Council 2000). Nevertheless, passive controls are expected to 2094 
prolong the knowledge of the disposal facility significantly and decrease the potential 2095 
for IHI well beyond the active control period.  2096 

Passive control systems ought to be developed early in the life-cycle of a disposal 2097 
facility.  To maintain the necessary knowledge, a suitable mechanism may need to be 2098 
developed for the transfer of responsibility from one generation to the next, using 2099 
organised systems of information conservation. The benefits of encouraging passive 2100 
control early and maintaining the controls are the increased longevity of the passive 2101 
measures in combination with the experience gained through development and 2102 



 

FINAL DRAFT JANUARY 2017  
 

  P a g e  | 60 

   

HIDRA   

implementation of the controls. Considerations for passive control measures that can 2103 
be used to help preserve knowledge of the disposal site are briefly discussed below. 2104 

Land use restrictions 2105 

A system of passive control measures, expected to restrict activity in and around a 2106 
disposal site would be expected to be effective for some time after the end of the 2107 
active control period (NEA 1995a). As such, restrictions of land-use (both on the 2108 
surface and underground) or designating areas as prohibited zones can be 2109 
implemented in planning laws with the aim to not allow land use development at or 2110 
near the disposal facility site. Administrating such restrictions on land-use will act to 2111 
prevent IHI and also aid in preserving memory of the disposal facility. Such 2112 
restrictions can be expected to be especially effective against major public works 2113 
involving excavation or mining exploration activities because of requirements to gain 2114 
the necessary approvals before proceeding with such work. Thus, land use restrictions 2115 
can be a justification for further delaying the time frame for scenarios where such 2116 
permitting would be a general expectation prior to major activities that could result in 2117 
IHI. 2118 

Archives and documentation (Item C3 in measure database, see Chapter 9) 2119 

The preservation of archived records aims at providing information about the 2120 
location, contents and hazards of the repository to future generations (Jensen 1993). 2121 
There are several examples of archives that have survived for centuries, e.g. archive 2122 
of the Roman Church and archives about mining activities, the UK Doomsday Book). 2123 
However, there is a limit for how long archives can be relied upon.  Nevertheless, it is 2124 
a good practice to keep local, regional, national and international archives about the 2125 
radioactive disposal facilities. The use of archived information may be improved by 2126 
introducing some types of key words (like disposal facility, radioactive waste) at 2127 
prominent locations in the archives.  2128 

In addition to setting up archives, it is also necessary to ensure that they will 2129 
be accessible and usable in a distant future society. As such, it should be verified that 2130 
the relevant information is properly selected, understandable and easily accessible. To 2131 
do so, a good practice is to let people without knowledge of the disposal facility 2132 
regularly test and make use of these archives as soon as this information starts to be 2133 
gathered. This kind of archive testing has been carried out at the Centre de la Manche 2134 
in France where a group people unfamiliar with the disposal facility were asked to 2135 
find information necessary to treat fictitious events that were assumed to have 2136 
occurred at the disposal facility site. Results from such tests are very useful to 2137 
improve the quality of archives.  However, since languages and institutions change 2138 
with time, archives are likely to be limited in terms of the time-span over which they 2139 
can help reduce the likelihood of IHI.  2140 
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Markers and monuments 2141 

A system of durable, physical, surface and subsurface warning markers could 2142 
be used to warn of the presence of, and potential hazard associated with, the 2143 
repository. Markers may be left on site to warn a future society of the potential danger 2144 
of intruding. Markers should be understandable to most people no matter how the 2145 
society develops. As such, they may include a variety of languages.  A symbol could 2146 
also be used to avoid specific languages issues.  IAEA has developed the a ’universal 2147 
symbol’ intending to indicate possible dangers from radiation (see Figure 7.1) 2148 

 2149 

Figure 7.1. Example warning sign. 2150 

Monuments could also be considered as markers. They could be 2151 
internationally developed and the same monument could be used at each site around 2152 
the world so that, in case of memory loss in one country, the monument might still be 2153 
recognised internationally and the memory could be restored. On the other hand, there 2154 
are examples from history in the form of symbols, inscriptions and ancient writings 2155 
which can no longer  be interpreted with any certainty. The Nazca Lines in Peru are 2156 
one of those unresolved mysteries. In fact, it is unknown what these geoglyphs mean 2157 
and who created them. It is believed that the Nazca Lines were created by the Nazca 2158 
culture between 800 BC and 200 BC [Beuth and Navarro 2010], but that is by no 2159 
means certain, and their intended message is a complete mystery. 2160 

The pros and cons of the usefulness of markers and monuments to prevent IHI 2161 
are still under discussion. Some people argue that markers and monuments are good 2162 
for keeping memory and by using widely known markers or monuments knowledge 2163 
of the disposal facility could be kept for a long time. Durable markers could be 2164 
retained even if local knowledge were lost for some reason. However, an alternative 2165 
view is that it might be wiser not to leave any markers to prevent intrusion into the 2166 
disposal facility out of sheer curiosity,  should the warning not be understood. This 2167 
alternative view is not gaining much traction, however, and the IAEA (2011b) SSG-2168 
14 Specific Safety Guide states: “It is likely that passive institutional controls, such as 2169 
the use of markers and control on land use, will be implemented and maintained, at 2170 
least for a certain period immediately after closure.”   2171 
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Additional measures to preserve knowledge 2172 

Other ways to preserve the memory of a disposal facility could be to use 2173 
education, to build a durable visitor center or even to set up a commemorative day to 2174 
mark anniversaries of the closure of the facility.  2175 

Continuous sharing of knowledge with of current and future generations of 2176 
the local people would help preserve the knowledge about the location of the 2177 
repository and its hazard potential. This kind of information sharing could start early 2178 
in the lifecycle of the facility and continue for as long as the community exists (e.g., 2179 
at site selection and could be routinely passed on and acquired via tours for local 2180 
schools reaching the younger members of the site’s community).  2181 

A visitors centre could also be built to contribute to maintaining knowledge 2182 
nationally and internationally. A visitor’s centre may include mock-ups of the 2183 
disposal facility and reinforce measures taken to establish high levels safety for the 2184 
facility. Organising routine tours of the visitor centre for selected ages of children at 2185 
local schools and also for members of the community and national and even 2186 
international visitors could enhance knowledge preservation of the site.  2187 

E-learning tools and internet can also be used to share information and 2188 
knowledge about the disposal facility.  2189 

The establishment of a day commemorating the ’site’ could be used to help 2190 
preserve knowledge of the site.  This should be inaugurated early in the process in 2191 
order that the community becomes familiar with it and a tradition established to 2192 
continue passing the information from one generation to the next.  This concept could 2193 
be established when thinking about closure of the radioactive waste disposal facility. 2194 
Therefore, when the facility is closed, there could be a ceremony to commemorate the 2195 
day and to remember its existence on an annual or other routine basis. 2196 

7.4.3 Timeframe of the preservation of knowledge 2197 

The timeframe over which knowledge can be assumed to be maintained as a 2198 
deterrent to IHI is site specific and will depend upon factors such as the nature of the 2199 
disposal concept (e.g., deep, near surface), the features of the disposal site, the 2200 
relevant regulatory criteria, nature of the waste, timeframe of active institutional 2201 
control, passive measures against intrusion and societal factors. An important function 2202 
of the safety assessment will be to discuss the earliest time at which IHI could occur, 2203 
using this information to judge, for instance, the adequacy of the duration of the 2204 
period where knowledge can be assumed to be preserved.  2205 

When considering IHI scenarios, one consideration is how widely known the 2206 
facility has to be in order to avoid intrusion. Different situations regarding knowledge 2207 
of the disposal facility are imaginable, that is: the disposal facility might be widely 2208 
known or known to a small number of people. The disposal facility could be known 2209 
only locally (i.e., the local population retains knowledge (even ‘rumour’ or ‘myth’ of 2210 
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the disposal facility as a part of its local culture) or the knowledge might be totally 2211 
lost. For the purpose of scenario development (Chapter 8), in some cases it is 2212 
cautiously assumed for near surface disposal facilities that intrusion may occur once 2213 
the active control period is terminated. This approach completely ignores the 2214 
effectiveness of preservation of knowledge. Time frames of a few hundreds of years 2215 
following active controls can be justified for the effectiveness of passive controls and 2216 
preservation of knowledge as a deterrent to IHI (IAEA 2012 para 6.62).  2217 

Geological disposal facilities should be designed to be passively safe 2218 
following closure, therefore active control is not considered a requirement for all deep 2219 
geological disposal facilities. Nevertheless, knowledge may still be assumed to remain 2220 
for some time after closure and measures to promote preservation of knowledge 2221 
should be considered. Some countries assume that knowledge remains for some 2222 
hundreds of years after closure of a geological disposal facility (e.g. Canada - 2223 
Quintessa and SENES 2011, Finland - Smith et al. 2013, Sweden - SKB 2010). 2224 
However, these assumptions may not account for the fact that local less formal 2225 
rumours or myths may nonetheless prolong that knowledge for even longer time 2226 
spans.  2227 

In IHI scenario development, the timeframe for preservation of knowledge 2228 
should be justified. This justification can be based on known past experience (e.g., use 2229 
of archives and land use control like such as the German drilling permit system), 2230 
measures taken to preserve knowledge, and available provisions for funding for 2231 
knowledge preservation.   2232 
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 STYLISED SCENARIOS 8.2233 

8.1 INTRODUCTION 2234 

It is not possible to predict specific future human actions, especially far in the 2235 
future (on timescales of hundreds or thousands of years). The possibility that future 2236 
human actions, and specifically IHI, might interfere with the performance of disposal 2237 
facilities can never be ruled out entirely. When considering IHI, it is necessary to 2238 
consider potential ‘scenarios’ that could result in disturbance of the facility. As 2239 
defined in IAEA SSR-5:  2240 

“’Human intrusion’ refers to human actions that affect the integrity of a 2241 
disposal facility and which could potentially give rise to radiological 2242 
consequences. Only those human intrusions that result in direct disturbance of 2243 
the disposal facility (i.e., the waste, the contaminated near field or the 2244 
engineered barriers) are considered.”   2245 

Due to the unavoidable uncertainty associated with human intrusion, it may be 2246 
unjustified to develop very detailed human intrusion scenarios. IAEA SSG-23, 6.61 2247 
states  2248 

“Human intrusion scenarios should be developed on the basis of stylised 2249 
representations of the nature of the intrusion and the actions of the intruder, 2250 
and it should be recognised that there is an unavoidable uncertainty 2251 
associated with human intrusion. Human intrusion scenarios are not meant to 2252 
convey any authoritative statement about the evolution of the site and future 2253 
societal activities, but are designed to provide illustrations of potential 2254 
impacts of human intrusion. If stylised scenarios are being used, they should 2255 
be based on the assumption of present day technologies and procedures.”  2256 

ICRP Publication 81 (ICRP 2000) notes the difficulties of estimating 2257 
probabilities of IHI, and that its occurrence cannot be entirely ruled out. ICRP 2258 
therefore recommends (§ 62) that “one or more typical plausible stylised scenarios” 2259 
should be considered by the decision-maker to evaluate the resilience of a repository 2260 
to postulated events or scenarios. 2261 

This section provides a general method for identifying, developing, and 2262 
customising site- and facility-specific IHI scenarios. These scenarios may be used in a 2263 
quantitative framework or can be used in a more qualitative manner to illustrate the 2264 
measures that have been included in the disposal facility to address potential 2265 
intrusion. Figure 8.1 provides a high-level overview of the method. Consistent with 2266 
the approach described in Chapter 5, the first step is to consider the safety context, 2267 
safety strategy, and disposal system description. The safety context will include 2268 
regulatory requirements that address IHI. Depending on the national regulatory 2269 
approach, the safety context may identify requirements to address with IHI scenarios 2270 
or may go as far as specifying the representative scenarios that must be considered to 2271 
address IHI. 2272 
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The safety strategy and disposal system description include identification of 2273 
the type of disposal system (e.g., near surface disposal, geological disposal) and 2274 
attributes of the system description including characteristics of the radioactive waste 2275 
disposal system (e.g., facility design, waste forms, canister materials) and the natural 2276 
environment (e.g., geology, hydrology, biosphere). Often for disposal facilities, these 2277 
attributes are consistent with features, events, and processes in the normal evolution 2278 
scenario (e.g., if there is a long time before intrusion occurs, the canister materials 2279 
may corrode, as they would in the normal evolution scenario). It is valuable to 2280 
identify any specific safety functions associated with the system that may be 2281 
challenged by considerations related to IHI. This information can help to reinforce the 2282 
measures that are considered to improve the robustness of the facility against 2283 
intrusion. 2284 

The third phase involves identifying and screening the representative human 2285 
intrusion events and resultant stylised IHI scenarios. Examples of stylised IHI 2286 
scenarios are provided that are representative of human intrusion scenarios most 2287 
commonly used by Member States, for applicability to the specific circumstances 2288 
described above.  2289 

The fourth phase customises the stylised IHI scenario (e.g., drilling methods, 2290 
equipment) and for quantitative approaches identifies the impacts of the representative 2291 
human intrusion event (e.g., transport pathways, exposure, indicator performance). 2292 
The final phase reviews the outputs and identifies whether additional iterations of this 2293 
process are warranted.  These additional iterations may result in the incorporation of 2294 
protective measures. The figure also highlights the importance of communication and 2295 
documentation through the entire process of considering human intrusion.    2296 

 2297 
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 2298 

FIG. 8.1.  Methodology for developing site-specific stylized scenarios. For each step, the 2299 
number in parentheses identifies the section where the step is described in further detail.  2300 

 2301 
The objective of this section is to provide information to assist in developing 2302 

human intrusion scenarios at the level of detail appropriate for the purpose of the 2303 
analyses (e.g., less detail may be needed for the siting phase compared to the licensing 2304 
phase). The specific scope includes: 2305 

• Provide a set of stylised human intrusion scenarios, including both near-2306 
surface and geological disposal, based on representative human intrusion 2307 
events 2308 

• Provide a  method to be used to assist in modifying the stylised human 2309 
intrusion scenario to capture site-specific details 2310 
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The scope of this section is to provide representative human intrusion 2311 
scenarios. The considerations provide an overview of topics that may need to be 2312 
addressed to develop a site-specific human intrusion scenario. Note that the intent is 2313 
not to provide a comprehensive list.  2314 

8.2 RADIOACTIVE WASTE DISPOSAL SYSTEMS  2315 

As defined in the IAEA RWM glossary (IAEA 2003a), a waste disposal 2316 
system “refers to the disposal environment as a whole, including the geological 2317 
surroundings, the engineering system of a repository (e.g. barriers) and the waste 2318 
packages.”  SSR-5 notes “within any State or region, a number of disposal facilities 2319 
of different designs may be required in order to accommodate radioactive waste of 2320 
various types.”  The typical components of a disposal system are described in section 2321 
5.2.3. 2322 

Given that long term safety of a disposal facility essentially relies on the 2323 
features of the multiple barrier system proposed (such as the choice of: a specific 2324 
disposal site, a given host geology at a certain depth, specific features of the 2325 
engineered and natural barriers and the absence of known mineral resources near the 2326 
disposal facility location), it is important to ensure that the relevant characteristics are 2327 
documented.    2328 

SSR-5, 1.14d characterises low level radioactive waste disposal facilities in 2329 
the following way: 2330 

“Disposal in a facility consisting of engineered trenches or vaults constructed 2331 
on the ground surface or up to a few tens of metres below ground level is 2332 
considered near surface disposal. Such a facility may be designated as a 2333 
disposal facility for low level radioactive waste.”    2334 

Near surface disposal has been practised in a number of countries, covering a 2335 
wide variation in site features, types and amounts of waste inventory and facility 2336 
designs. A hypothetical near surface disposal facility is shown in Figure 8.2, although 2337 
it should be noted that specific near surface disposal facilities could vary significantly 2338 
in waste content, natural, and engineered features.  2339 

 2340 
 2341 
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 2342 

FIG. 8.2. Hypothetical Near Surface Radioactive Waste Disposal Facility. The scale bar is of 2343 
the order of tens of metres. Note that near surface disposal facilities may be located on the 2344 
ground surface. 2345 

 2346 
 2347 
SSR-5, 1.14d characterises high level radioactive waste disposal facilities in 2348 

the following way: 2349 

“Disposal in a facility constructed in tunnels, vaults or silos in a particular 2350 
geological formation (e.g., in terms of its long term stability and its 2351 
hydrogeological properties) at least a few hundred metres below ground level 2352 
is considered geological disposal. Such a facility could be designed to receive 2353 
high level radioactive waste, including spent fuel if it is to be considered 2354 
waste. However, with appropriate design, a geological disposal facility could 2355 
receive all types of radioactive waste.” 2356 

A hypothetical geological disposal facility is shown in Figure 8.3, though it 2357 
should be noted that there could be a wide variation in site features, types, and 2358 
amounts of waste and facility designs. The greater depth of geological disposal 2359 
facilities is required to provide the long term containment and isolation needed by 2360 
long-lived waste, and that depth is a significant protective measure against human 2361 
intrusion.  2362 

 2363 
  2364 
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 2365 

FIG. 8.3. Hypothetical Geological Radioactive Waste Disposal Facility. The scale bar is of 2366 
the order of hundreds of metres. 2367 

 2368 
 2369 
Near surface and geological disposal generally capture the range of depths 2370 

commonly considered for disposal of radioactive waste. SSR-5 (paragraph 1.14) 2371 
provides a brief description of additional disposal options such as specific landfill 2372 
disposal for very low level waste, options for disposal of radioactive waste at depths 2373 
from tens to hundreds of metres, borehole disposal at a range of depths, and disposal 2374 
of mining or mineral waste near or on the surface. IHI considerations for disposal at 2375 
intermediate depths would be more similar to geological disposal than to near-surface 2376 
disposal. The human intrusion scenarios presented in the next section can be used to 2377 
identify and develop specific human intrusion scenarios. A wide range of radioactive 2378 
waste disposal facilities can be imagined, though the depth, content, and configuration 2379 
are all important factors.   2380 

 2381 
8.3 STYLISED SCENARIOS BASED ON REPRESENTATIVE HUMAN 2382 

INTRUSION EVENTS 2383 

Various approaches can be used to develop human intrusion scenarios. For the 2384 
purposes of this report, three representative human intrusion events have been 2385 
identified (Table 8.1): 2386 

• Drilling 2387 

• Excavation  2388 
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• Mining 2389 

Consideration of these three representative human intrusion events results in six 2390 
stylised human intrusion scenarios (Table 8.1). These representative human intrusion 2391 
scenarios are described with potential transport pathways and receptors in Sections 2392 
8.3.1 – 8.3.6. They can be adapted to alternative disposal systems (see section 8.6).   2393 

The intent is not to provide a comprehensive list of scenarios, but to highlight 2394 
how the illustrative scenarios discussed in this document can be used to inform the 2395 
development of site-specific IHI scenarios for presentation in a safety case. The 2396 
scenarios do not include every potential consideration. One can envision an almost 2397 
unlimited number of deviations from these scenarios, but the intent is not to 2398 
comprehensively describe all possible situations that could be imagined. The intent is 2399 
to provide a reasonable suite of scenarios that are sufficient to provide an indication of 2400 
the robustness of the disposal facility against IHI and to identify and test measures to 2401 
improve the robustness of a disposal facility.  2402 

Section 8.4 provides considerations to assist in customising the human 2403 
intrusion scenarios and some ideas for consideration of the potential impacts 2404 
identified. Also note that for a site-specific system, there may be aspects of one or 2405 
more of the scenarios listed below that could be considered in the IHI analysis (e.g., 2406 
there may be a drinking water receptor from a plume that is contaminated by road 2407 
excavation into a near surface disposal system). Note that exploratory drilling is often 2408 
the first step in each of the six representative scenarios (e.g., exploratory drilling prior 2409 
to construction, excavation, or mining).  2410 

Near Surface Disposal Facility:  2411 

Human intrusion scenarios for near surface disposal can have a greater 2412 
relevance to and impact on the safety case relative to the lower likelihood of human 2413 
intrusion into properly sited geological disposal facilities (primarily due to the depth 2414 
of the repository). The scenarios for near- surface disposal will generally have to be 2415 
sufficient to support a quantitative analysis of potential exposures, which is not 2416 
essential for geological disposal. In near- surface disposal facilities, particularly in the 2417 
more shallow options, the waste is relatively close to the ground and thus is more 2418 
susceptible to being breached via IHI. Unlike geological disposal, IHI for near-surface 2419 
disposal generally considers the possibility of waste being brought to the surface 2420 
because of the nature of the disposal system. 2421 

The actual likelihood of intrusion is dependent on a number of factors, such as 2422 
the intensity of human activity in the area where the repository is located, the design 2423 
features of the repository (e.g., depth of disposal units, presence of protective 2424 
measures) and the length of time covered by the assessment. Since human intrusion 2425 
cannot be excluded for near- surface disposal, most safety assessments assume that at 2426 
some time following the end of institutional controls human intrusion occurs. 2427 
Commonly considered generic intrusion events include drilling and some form of 2428 
excavation.  2429 
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Geological Disposal Facility:   2430 

The most commonly considered generic intrusion event for geological 2431 
disposal facilities located in insoluble host rocks is exploratory drilling. It is assumed 2432 
that waste isolation and containment could be disturbed by drilling through the 2433 
footprint of the facility and creating a direct pathway to the waste or by a borehole 2434 
intersecting a contamination plume in the near-field. The plume could have been 2435 
formed due to the interaction between the waste and groundwater after breaching of 2436 
the engineered barriers by natural processes and/or human intrusion. In both cases, the 2437 
borehole may present a pathway to the biosphere resulting in exposure of humans. 2438 
Given the nature of geological disposal, especially for disposal facilities where there 2439 
is significant spacing between containers, less emphasis is placed on quantitative 2440 
assessment of very low probability scenarios involving waste being brought to the 2441 
surface.  2442 

Another generic intrusion event considered in some assessments is inadvertent 2443 
mining through the geological disposal facilities. For geological disposal facilities in 2444 
soluble rock formations, events that include access of water to the disposal zone and 2445 
dissolution mining of the host rock may be part of the assessment.  2446 

  2447 
TABLE 8.1. GENERIC HUMAN INTRUSION EVENTS AS A FUNCTION OF 2448 
THE TYPE OF DISPOSAL FACILITY    2449 

 2450 
Disposal facility type Human Intrusion Event Notes 

Near surface disposal 
facility 

• Drilling  
• Residential excavation. 
• Roadway excavation  

There are many variations of near surface 
disposal facilities, which may be either 
above or below the surface. Roadway is 
used to represent a larger scale surface 
excavation. 

Geological disposal 
facility 

• Drilling  
• Conventional mining  
• Unconventional mining . 

Unconventional mining includes techniques 
such as solution mining and hydraulic 
fracturing. 

 2451 

8.3.1 Near Surface Disposal – Drilling 2452 

Scenario Description:  2453 

This scenario involves human intrusion into a near- surface disposal facility 2454 
(Figure 8.4). The intrusion event involves drilling a borehole through the near surface 2455 
disposal facility into an underlying aquifer (darker line). Radioactive cuttings and/or 2456 
drill core are brought to the surface. The primary worker receptor is likely to be a 2457 
borehole driller. Other exposed workers could be the drill crew, consisting of workers 2458 
and field scientists, as well as laboratory staff investigating the cuttings and/or drill 2459 
core. The primary public receptor is likely to be a nearby resident farmer. Other 2460 
exposed public receptors could be resident farmers living further down gradient of the 2461 
aquifer. Although this description focuses on water, such a scenario is also intended to 2462 
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be representative of drilling that could be for any number of other purposes (i.e., it is 2463 
assumed that someone could inadvertently drill and bring waste to the surface).  2464 

  2465 

 2466 

FIG. 8.4. Hypothetical Near Surface Disposal Drilling Scenario. 2467 
 2468 
 2469 

Potential Transport and Exposure Pathways: 2470 

 The primary transport pathways for the worker are likely to be direct 2471 
exposure to the cuttings or drill core and inhalation of the dust.  Other transport 2472 
pathways could include ingestion of contaminated particles. The exposures for the 2473 
worker are expected to be relatively short-term. The resident receptor could ingest 2474 
contaminated food due to waste being mixed with surface soil (vegetables, milk or 2475 
meat from cattle eating contaminated grain or grass) and may also ingest or inhale soil 2476 
with radionuclide contamination and receive external exposures. There can also be 2477 
exposures from drinking groundwater obtained from the aquifer that has been 2478 
contaminated by previous releases from the disposal facility. Contaminated water may 2479 
also be used for agriculture or livestock (ingestion). The exposure to the resident 2480 
farmer is expected to be relatively long-term.  2481 

8.3.2 Near Surface Disposal – Excavation (Residence) 2482 

Scenario Description:  2483 

This scenario involves human intrusion into a near surface disposal facility. 2484 
The intrusion event involves excavation into a near surface disposal facility to 2485 
construct a residence (Figure 8.5). Radioactive materials are exposed at the surface 2486 
during excavation and radioactive materials surround the basement foundation of the 2487 
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residential building. The primary worker receptor is likely to be an excavation worker. 2488 
Other exposed workers could be the surveyors, field scientists, constructions workers 2489 
building the residential building. The primary public receptor is likely to be the 2490 
occupant of the residential building.  2491 

 2492 
 2493 

 2494 

FIG. 8.5. Hypothetical Near Surface Disposal Excavation (Residential) Scenario. 2495 
 2496 
 2497 

Potential Transport and Exposure Pathways: 2498 
 2499 

The primary exposure pathways for the workers are likely to be direct 2500 
exposure to the radioactive material and inhalation of the dust, when actually working 2501 
in the waste. Other transport pathways could include ingestion of contaminated 2502 
particles. The exposures for the primary worker are expected to be relatively short-2503 
term. The primary exposure pathways for the resident receptor would be similar to the 2504 
drilling scenario, but may also include exposures associated with the basement floor 2505 
proximity to the waste and a mixture of excavated waste and soil that would be used 2506 
as backfill around the basement walls (e.g., external exposure). Note that this scenario 2507 
is often mitigated by including sufficient clean cover over the waste material to 2508 
preclude a basement reaching the depth of the buried waste. 2509 

8.3.3 Near Surface Disposal – Excavation (Road) 2510 

Scenario Description:  2511 

This scenario involves human intrusion into a near surface disposal facility. 2512 
The intrusion event involves excavation into a near surface disposal facility to build a 2513 
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road (Figure 8.6) and could also include other larger scale public works. Radioactive 2514 
materials are exposed at the surface during excavation and materials on the roadside 2515 
remain exposed after the road is constructed. The primary worker receptor is likely to 2516 
be an excavation worker. Other exposed workers could be the surveyors, field 2517 
scientists, constructions workers building the residential building or any laboratory 2518 
staff investigating the excavated material. The primary public receptor is likely to be 2519 
the occupant of a nearby residential building. Note that scenarios like this involving 2520 
major public works projects could potentially be considered less likely during the time 2521 
frame that public records and permitting requirements are assumed to remain. 2522 

 2523 
   2524 

 2525 

FIG. 8.6. Hypothetical Near Surface Disposal Excavation (Road) Scenario 2526 
 2527 
 2528 

Potential Transport and Exposure Pathways:  2529 
 2530 

The primary transport pathways for the primary worker are likely to be direct 2531 
exposure to the radioactive materials and inhalation of the dust.  Other transport 2532 
pathways could include ingestion of contaminated particles. The exposures for the 2533 
workers are expected to be relatively short-term. The potential exposure pathways for 2534 
the resident receptor would be similar to those considered for the drilling scenario. 2535 
The exposure to the public receptor is expected to be relatively long-term.  2536 

8.3.4 Geological Disposal – Deep Drilling  2537 

Scenario Description:  2538 
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This scenario involves human intrusion into a geological disposal facility. The 2539 
intrusion event involves drilling a borehole near or through the footprint of a 2540 
geological disposal facility (darker line in Figure 8.7). Directly contacting a container 2541 
is considered highly unlikely for high-level waste disposal involving dispersed 2542 
containers. Cuttings that have been contaminated by radionuclides released from the 2543 
facility may be brought to the surface and radionuclides may also contaminate an 2544 
aquifer. The primary worker receptor is likely to be the borehole driller. Other 2545 
exposed workers could be the drill crew, consisting of workers and field scientists, as 2546 
well as laboratory staff investigating the cuttings or cores. The primary public 2547 
receptor is likely to be a nearby resident farmer. Other exposed public receptors could 2548 
be resident farmers living further down gradient of the aquifer. Note that drilling to 2549 
such depths generally suggests a relatively major programme (e.g., mine or other 2550 
resource exploration) that would be likely to require permitting and approvals from 2551 
the authorities. Thus, such activities could potentially be considered unlikely during 2552 
the time frame when public records are assumed to exist.  2553 

 2554 
    2555 

 2556 

FIG. 8.7. Hypothetical Geological Disposal Drilling Scenario. 2557 
 2558 
 2559 

Potential Transport and Exposure Pathways:  2560 
 2561 
The primary exposure pathways for the workers are potential direct exposure 2562 

to contaminated soil brought up during drilling and inhalation of the dust during 2563 
drilling. Other transport pathways could include ingestion of contaminated particles. 2564 
The exposures for the worker are expected to be short-term. The primary transport 2565 
pathway for the public receptor is likely to be ingestion from drinking water from a 2566 
contaminated well. Other transport pathways could include ingestion if the water is 2567 
used for crops or livestock. Radionuclides may be transported down gradient in the 2568 
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aquifer to impact other wells, but the impacts would be likely to be lower. The 2569 
exposure to the primary public receptor is expected to be relatively long-term.  2570 

8.3.5 Geological Disposal – Subsurface Mining  2571 

Scenario Description:  2572 

This scenario involves human intrusion into a geological disposal facility. The 2573 
intrusion event involves underground excavation into a geological disposal facility 2574 
(Figure 8.8). The intrusion continues until a waste canister is uncovered. The primary 2575 
worker receptor is likely to be the underground excavator. Some programmes assume 2576 
that the workers will reseal the mine shaft. The primary public receptor is assumed to 2577 
be a nearby resident farmer. Other exposed public receptors could be resident farmers 2578 
living further down gradient of the aquifer. Note that excavations to such depths 2579 
generally suggests a relatively major programme that would be likely to involve 2580 
permitting and approvals from the authorities. Thus, such activities could potentially 2581 
be considered unlikely during the time frame when public records are assumed to 2582 
exist. 2583 

 2584 
 2585 

 2586 

FIG. 8.8. Hypothetical Geological Disposal Subsurface Mining Scenario. 2587 
 2588 
 2589 

Potential Transport and Exposure Pathways:  2590 
 2591 

The primary exposure pathway for the primary worker is likely to be direct 2592 
exposure to the sealed waste canister before it is recognised. The exposures for the 2593 
underground excavator are expected to be short-term. The primary exposure pathway 2594 
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for the public receptor is likely to be ingestion from drinking water from a 2595 
contaminated well. Other exposure pathways could include ingestion if the water is 2596 
used for crops or livestock. Radionuclides may be transported down gradient in the 2597 
aquifer to impact other wells, but the impacts would be likely to be lower. The 2598 
exposure to the primary public receptor is expected to be relatively long-term. 2599 

8.3.6 Geological Disposal – Unconventional Mining (Soluble Rock) 2600 

Scenario Description:  2601 

This scenario involves human intrusion into a geological disposal facility. The 2602 
intrusion event involves solution mining a soluble rock, disrupting the geological 2603 
disposal facility (Figure 8.9). Radioactive solution may be brought to the surface. The 2604 
primary worker receptor is likely to be the borehole driller. Other exposed workers 2605 
could be the drill crew, consisting of workers and field scientists. The primary public 2606 
receptor is assumed to be a nearby resident farmer. Other exposed public receptors 2607 
could be resident farmers living further down gradient of the aquifer or consumers of 2608 
salt. Note that drilling to such depths generally suggests a relatively major programme 2609 
(e.g., mine or other resource exploration) that would be likely to involve permitting 2610 
and approvals from the authorities. Thus, such activities could potentially be 2611 
considered less likely during the time frame when public records are assumed to exist. 2612 

 2613 
   2614 

 2615 

FIG. 8.9. Hypothetical Geological Disposal Solution Mining Scenario. 2616 
 2617 
 2618 
 2619 
 2620 
 2621 
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Potential Transport and Exposure Pathways:  2622 
 2623 
The primary exposure pathway for the primary worker is likely to be direct 2624 

exposure to the radioactive solution.  Other exposure pathways could include 2625 
ingestion or inhalation of contaminated particles from the evaporation process. The 2626 
exposures for the driller are expected to be relatively short-term. The primary 2627 
exposure pathway for the public receptor could include ingestion or inhalation of 2628 
contaminated particles from the evaporation process. Other exposure pathways for the 2629 
public receptor could include ingestion from drinking water from a contaminated 2630 
well, ingestion if the water is used for agriculture or livestock, or ingestion of the salt.  2631 

8.4 CUSTOMISATION OF A REPRESENTATIVE HUMAN INTRUSION 2632 
SCENARIO 2633 

Described below are some potential considerations related to the impacts from 2634 
a generic human intrusion event. The considerations are followed by a few examples. 2635 
These examples are not intended to be a comprehensive list, rather, they are intended 2636 
to provide additional context to the specific considerations for developing IHI 2637 
scenarios. These considerations provide aspects that may be considered when 2638 
developing a human intrusion scenario and they allow the flexibility for organisations 2639 
to determine how to consider them (e.g., some organisations may seek feedback from 2640 
interested parties). Note that these considerations are not intended to be 2641 
comprehensive.  2642 

8.4.1 Identify the Disposal System 2643 

The first subtask is to identify the type of disposal facility. This is a high-level 2644 
concept of the facility. Concepts are discussed in more detail in section 8.2. 2645 

Considerations: 2646 

• Is it a near surface disposal system? 2647 

• Is it a geological disposal system? 2648 

• Is it some other disposal system configuration (e.g., borehole, intermediate-2649 
depth disposal system)?   2650 

The second subtask is to identify attributes of the system description. The 2651 
level of detail used to describe the system depends on the safety considerations and 2652 
assessment context (e.g., siting phase, licensing phase, regulations). Components of 2653 
the disposal system include: 2654 

• The near field, including: (i) the types of waste (e.g. the origin, nature, 2655 
quantities and properties of the waste and the radionuclide inventory); (ii) 2656 
system engineering (e.g. waste conditioning and packaging, backfill/buffer 2657 
materials, layout of disposal units and spacing of the waste containers, 2658 
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engineered barriers, cap or cover of the disposal facility); and (iii) the extent 2659 
and properties of the zone disturbed by any excavation or construction work; 2660 

• The far field, e.g. geology (properties of host rock), hydrogeology, hydrology, 2661 
geochemistry, tectonic and seismic conditions, erosion rates, natural resources;  2662 

• The biosphere, e.g. climate and atmosphere, water bodies, the local 2663 
population, human activities, biota, soils, topography and the geographical 2664 
extent and location of the disposal facility (also consider how this could 2665 
change in climate change scenarios for geological disposal).  2666 

Some additional considerations include: 2667 

• What are the safety functions of the different components of the disposal 2668 
system (e.g., waste container may delay release or serve as a deterrent to IHI)? 2669 

• What is the expected state of the disposal system and how does it change 2670 
(including uncertainties associated with the different components of the 2671 
disposal system at the time of human intrusion (e.g., degradation of the cap, 2672 
degradation of the waste container, stability of natural environment))?   2673 

8.4.2 Screen the Representative Human Intrusion Scenarios 2674 

The third subtask is to identify the applicability of the representative future 2675 
human intrusion scenarios. For example, representative human intrusion scenarios for 2676 
excavation into a near surface disposal system would likely not be applicable for 2677 
geological disposal systems and could therefore be screened out from more 2678 
comprehensive analysis.  Considerations include: 2679 

• What is the purpose and/or scale of the human intrusion scenario (e.g., testing 2680 
specific design measures in a qualitative context, quantitative calculations to 2681 
establish waste acceptance criteria)? 2682 

• What are the safety functions of the different components of the disposal 2683 
system – are they assumed to mitigate or delay intrusion (e.g., waste 2684 
containers may serve as a barrier to delay the timing of intrusion, depth of 2685 
disposal in a near surface facility may preclude inadvertent excavation of 2686 
waste)? 2687 

• What uncertainties may be associated with the different aspects of the IHI 2688 
scenario (e.g., receptor habits (would typical drilling methods penetrate the 2689 
facility?), is excavation likely in the location of the disposal facility?)?   2690 

• Is one scenario already encompassed by the definition of another scenario or 2691 
are the consequences of a scenario bounded by another scenario, i.e. is it 2692 
possible to subsume one or more scenarios? 2693 
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8.4.3 Define the Human Intrusion Event Characteristics 2694 

The fourth subtask is to identify the attributes of the human intrusion event. 2695 
There are three typical methods of human intrusion: drilling, excavation and mining. 2696 
Many characteristics may be considered when identifying the attributes associated 2697 
with the identified method of intrusion. The specific human action resulting in human 2698 
intrusion will influence the migration pathways and potential exposure to the 2699 
representative person. Local engineering firms and universities may be a useful 2700 
resource for identifying the technical characteristics of the postulated human intrusion 2701 
and disruption of the disposal system. As noted in IAEA SSG-23, 6.61, the intrusion 2702 
characteristics “should be based on the assumption of present day technologies and 2703 
procedures.” 2704 

Considerations: 2705 

• Is there anything about the site that may make human intrusion more likely 2706 
(e.g., presence of natural resources)? 2707 

• Are there any characteristics of the disposal system that make human intrusion 2708 
less likely (e.g., short-lived waste, remote location, very deep emplacement)? 2709 

• What is the purpose of the intruding action (e.g., drilling for resources or 2710 
exploration, building development, mineral extraction, hydraulic fracturing)? 2711 

• What is the human intrusion method (e.g., drilling, excavation, mining)? 2712 

• What are the technical characteristics of the intrusion method (e.g., auger, 2713 
rotary or percussion drilling, mechanical excavation, target depth)? 2714 

• What types of equipment are being used during the intruding action (e.g., 2715 
borehole drilling machines, heavy loading equipment)? 2716 

• What are the dimensions of the intrusion (e.g., area and/or depth of the 2717 
impacted area, volume of the waste)?   2718 

• Is there a specific portion of the disposal facility where intrusion occurs (e.g., 2719 
emplacement drift, waste container or adjacent barriers, near-field 2720 
contaminated zone, what is the distribution of  higher or lower activity 2721 
material in the potential intrusion area, what is the likelihood of hitting waste 2722 
or a specific waste container if drilling occurs in the disposal facility)? 2723 

• Are there any radioactive waste materials associated with the intrusion (e.g., 2724 
drill cuttings, waste excavation materials)?  2725 

• What is the impact of timing of the human intrusion event (e.g., radioactive 2726 
decay, timing of container or barrier degradation, gas generation, erosion)? 2727 
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• What uncertainties may be associated with the human intrusion characteristics 2728 
(e.g., ranges of possible equipment characteristics, ranges in time of intrusion, 2729 
location of intrusion)?   2730 

• Are there any characteristics of the normal evolution scenario that may have 2731 
changed (e.g., has a geologic barrier function been adversely affected by the 2732 
intrusion)? 2733 

8.4.4 Identification of Potential Impacts of the Human Intrusion Event 2734 

The fifth subtask is to identify the potential impacts of the IHI event. These 2735 
impacts may be analysed through the evaluation of human exposures or intermediate 2736 
safety indicators of the disposal system (e.g., radionuclide fluxes). The analysis may 2737 
be either quantitative or qualitative. 2738 

Transport of Radionuclides:   2739 

This describes the potential migration of radionuclides from the disposal 2740 
facility, through the natural system, to a representative human receptor. The transport 2741 
of radionuclides is likely to be consistent with transport in the normal evolution 2742 
scenario, although the location of exposure may be different and, depending on the 2743 
regulatory framework, the migration pathways may be different for the intrusion 2744 
scenario (e.g., waste cuttings brought to the surface). [SSG-23] provides guidance for 2745 
conducting a radiological impact assessment.  2746 

Considerations: 2747 

• What is/are the dominant transport pathway(s) (e.g., gaseous, aqueous, 2748 
particulate)? 2749 

• What inventory is being transported (e.g., amount of radioactive materials, 2750 
long or short-lived, radioactive or irradiated material)? 2751 

• Is the inventory transported by the human intrusion event (e.g., via borehole 2752 
cuttings or cores, excavated material)? 2753 

• Is the inventory transported naturally (e.g., advection or diffusion through 2754 
water, movement of particulates). 2755 

• How long does the inventory take to reach the representative human (did the 2756 
human intrusion event cause the migration to occur faster than otherwise 2757 
expected, was a natural barrier compromised or adversely impacted)? 2758 

• What are assumptions about remediation strategies (e.g., resealing a borehole 2759 
or mine shaft if intrusion was recognised)? 2760 
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• What are the uncertainties associated with the impacts of the human intrusion 2761 
event (amount and timing of material exhumed, range of transport rates, 2762 
quality of remediation strategies)? 2763 

• Are there any characteristics of the normal evolution scenario that may have 2764 
changed? 2765 

Safety Indicators:   2766 

The safety indicators (e.g., radionuclide concentrations, radionuclide fluxes) 2767 
show how the components of the disposal system or the disposal system as a whole 2768 
fulfill their safety functions and how their performance may be impacted by the 2769 
human intrusion event. It is possible certain components may mitigate or delay the 2770 
impacts, while certain components may be compromised by the human intrusion 2771 
event. The indicators provide input into identifying potential protective measures that 2772 
may be used to optimise the performance of the disposal system. Measures are 2773 
described in more detail in Chapter 9. 2774 

Considerations: 2775 

• Is transport enhanced as a result of human intrusion (e.g. pressurised 2776 
aquifer/fast flow path for deep disposal, waste material brought to and mixed 2777 
on the ground surface for near surface disposal)? 2778 

• Are there components of the disposal system that prevent transport of 2779 
inventory or compensate for lost safety functions (e.g., minimal water 2780 
available for transport, waste forms that are not readily dispersed, other 2781 
components of the disposal system)? 2782 

Human Exposure:  2783 

This describes how the representative human comes into contact with the 2784 
radioactive material. Radionuclides that have been made available as a result of 2785 
intrusion can be inhaled, ingested, or come into direct contact with the representative 2786 
human. Note that there may be several representative individuals in each human 2787 
intrusion scenario (e.g., worker, resident). The concentration and type of 2788 
radionuclides, along with the duration of exposure, determine the doses received and 2789 
are considered. In general, specific assumptions about human habits should be 2790 
consistent with the normal evolution scenario.  2791 

Considerations: 2792 

• Who is the representative person (e.g., borehole driller, excavator, local 2793 
resident)? 2794 

• How is the representative person exposed (e.g., inhalation, ingestion, direct 2795 
exposure)? 2796 
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• What is the source of the radioactive material (e.g., contaminated drinking 2797 
water or agriculture, cuttings or dust mixed with surface soil, direct exposure 2798 
to waste, accumulating radioactive gases)? 2799 

• What are the concentrations of the radioactive material (e.g., aqueous 2800 
radionuclides may concentrate in some agricultural products, averaged 2801 
concentration in cuttings or excavated material mixed with surface soil, 2802 
gaseous radionuclides may disperse in the atmosphere)?  2803 

• How long is the representative person exposed (e.g., a worker may only be 2804 
exposed for a short time, a resident may be exposed for the duration of living 2805 
at the site)? 2806 

• How are uncertainties associated with human exposure managed (radionuclide 2807 
concentrations, range of exposure times, likelihood of the intrusion scenario)? 2808 

8.4.5 Incorporating Measures 2809 

This section considers the effectiveness of potential measures to reduce the 2810 
possibility for or potential impacts of a human intrusion event. Measures are 2811 
described in more detail in Chapter 9. There also may be some inherent measures 2812 
related to the waste disposal system such as waste acceptance criteria or depth for 2813 
geological disposal systems. Note that due to the iterative nature of these assessments, 2814 
the effectiveness of potential measures is typically assessed and documented at each 2815 
step to help demonstrate how IHI scenarios are used to consider and select measures 2816 
to improve the robustness of the disposal system. The applicability of the human 2817 
intrusion scenario and incorporated measures should be assessed.  2818 

Considerations: 2819 

• Are there any measures available to delay or mitigate the consequences of the 2820 
human intrusion event specific to drilling, excavation, and mining (e.g., deeper 2821 
disposal, alternative engineered materials, robust barriers, pre-emptive 2822 
removal of nearby resources)? 2823 

• What positive influence does the measure have on the safety of the system 2824 
(e.g., enhances performance of the components/system such as delaying 2825 
timing when intrusion can occur, reduces human exposure)? 2826 

• Do the measures negatively influence the normal evolution scenario (e.g., 2827 
decreased system safety, increase in human exposure)? 2828 

• How do these measures impact the system description (e.g., do design 2829 
considerations need to be modified)? 2830 

• Does the measure contribute to defence-in-depth by improving robustness of 2831 
the safety functions of the disposal system as a whole? 2832 
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Measures may also impact the decision to include certain scenarios in the 2833 
assessment, at least for some timeframes. For example, the decision to use a thicker 2834 
cover for a near-surface disposal facility may prevent the occurrence of an excavation 2835 
human intrusion scenario for some time while the thickness is maintained. For 2836 
geological disposal, use of a non-local backfill material may be used to alert future 2837 
inadvertent intruders (e.g., exploratory drillers) to some unnatural occurrence.  2838 

8.5 DOCUMENTATION AND COMMUNICATION 2839 

The information and potential impacts obtained by following the human 2840 
intrusion scenario development method can be used to enhance confidence related to 2841 
the human intrusion inputs into the safety case. Once the impacts are identified, 2842 
measures can be assessed to see if they offer the system any additional protection. 2843 
Also, providing clear justification for decisions made throughout the human intrusion 2844 
scenario development method can help build interested parties’ confidence through 2845 
transparency.  2846 

Clear documentation of the decisions made while developing a human 2847 
intrusion scenario is important. Documentation facilitates clear communication with 2848 
the relevant stakeholders and helps to build confidence in this aspect of the safety 2849 
case. Additional information related to communications is available in Section 7.4.  2850 

Considerations: 2851 

• Are there aspects of the safety case context that have a significant influence on 2852 
the disposal system (e.g., requirements in regulations, waste forms that dictate 2853 
a specific disposal method)? 2854 

• How were the scenarios identified (e.g., what scenarios were considered, why 2855 
were the specific scenarios chosen)?  2856 

• Was the selection of measures and customisation of scenarios appropriately 2857 
documented (e.g., are decisions transparent and justified, is the level of detail 2858 
appropriate for the analysis)? 2859 

• Are the sources of uncertainty captured (e.g., are the magnitudes of 2860 
uncertainty identified; was any analysis qualitative, deterministic, or 2861 
probabilistic)? 2862 

8.6 ADAPTATIONS OF THE HUMAN INTRUSION SCENARIOS 2863 

The scenarios provided above are representative of a reasonable range of 2864 
human intrusion scenarios. They can be adapted for alternative human intrusion 2865 
scenarios and alternative disposal systems, i.e. it is generally believed that drilling, 2866 
excavation and mining can accommodate a reasonable set of IHI scenarios. A few 2867 
examples are provided below. 2868 

Alternative Human Intrusion Scenarios 2869 
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Geothermal Heat Extraction:  2870 

Geothermal heat extraction involves drilling for geothermal resources and 2871 
utilising those resources for heating (e.g., drilling for hot water and pumping that into 2872 
radiators or heat exchangers). Exposure to a driller would be similar to the near 2873 
surface and deep-drilling scenarios for the workers. Exposure to a member of the 2874 
public would be similar to the excavation scenarios, although the specific pathways 2875 
would depend on how the geothermal resources were utilised.  2876 

Storage of Oil, Gas or Carbon Dioxide: 2877 

Storage of these materials involves drilling a borehole into an appropriate 2878 
geological unit and either creating a storage area through solution mining, or directly 2879 
pumping material into the geological unit. The exposure scenarios would be similar to 2880 
the geological disposal scenarios for different rock types. That is, storage in non-2881 
soluble rocks would result in scenarios similar to those of non-soluble rocks and 2882 
storage in soluble rocks would result in scenarios similar to those of soluble rocks.  2883 

Alternative Disposal Systems 2884 

Intrusion into Borehole Disposal Systems:  2885 

The burial depth of the radioactive waste influences the human intrusion 2886 
scenario, (e.g., drilling, excavation, mining) while the activity content of the waste 2887 
and half-life of the radionuclides influences the human intrusion exposure assessment. 2888 
Note that due to the smaller cross-sectional area of boreholes compared to other 2889 
disposal facilities, the likelihood of direct intrusion is substantially lower than it 2890 
would even be for geological disposal facilities. Additional guidance on boreholes is 2891 
provided in SSG-1, “Borehole Disposal Facilities for Radioactive Waste.” 2892 

Intrusion into Uranium Mill-tailings Disposal Systems:   2893 

Uranium mill-tailings disposal systems can be considered a form of near 2894 
surface disposal facility, although some Member States are considering geological 2895 
disposal. Human intrusion scenarios would be similar to other near surface disposal 2896 
facility human intrusion scenarios. The differences in types of waste (long-lived) and 2897 
the physical dimensions of the disposal facility are aspects to be considered.  2898 

     2899 
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 Potential measures 9.2900 

There are many different approaches to reduce the potential for and/or 2901 
consequences of IHI. In the HIDRA project, such approaches are referred to as 2902 
“potential measures”.  Potential measures are considered with the stylised scenarios 2903 
(Chapter 8) and societal considerations (Chapter 7) to formulate the facility-specific 2904 
scenarios and measures that will be considered at a given step in the lifecycle for a 2905 
disposal facility. Figure 9.1 shows schematically the element “potential measures” of 2906 
the general approach discussed in Section 5.1. Based on the evaluation, protective 2907 
measures are identified that are then implemented as part of the safety framework for 2908 
the next step in the lifecycle. 2909 

 2910 

Figure 9.1.  Schematic illustration of the element “potential measures” (highlighted) 2911 

in the general approach (see Figure 5.1)  2912 

This chapter includes the background and rationale for the concept of 2913 
measures (see Section 9.1), an approach for the derivation of protective measures for 2914 
implementation for a specific disposal facility (see Section 9.2) and a general 2915 
discussion of categories of potential measures that can be considered (see Section 2916 
9.3). Annex A includes a current version of the database of potential measures for 2917 
consideration to reduce the potential for and/or consequences of IHI. 2918 
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9.1 BACKGROUND AND RATIONALE 2919 

The term “measures” can be described in a more general sense as provisions/ 2920 
precautions that are taken to comply with a certain purpose. In terms of radioactive 2921 
waste disposal, the purpose is focused on both reducing the potential for and/or the 2922 
consequences of IHI [IAEA 2012]. Consideration of such measures directly addresses 2923 
the ICRP recommendations to consider features to reduce the possibility of IHI when 2924 
considering design and siting of the facility (see Section  4.4.1). It is further stated, 2925 
that appropriate countermeasures4 can be implemented to avoid significant impacts 2926 
[ICRP 2013].However, there is a general consensus, that any measures taken to 2927 
reduce the potential for IHI should not compromise the safety performance of the 2928 
normal evolution of the disposal system (i.e., considerations related to IHI should 2929 
never be placed before other safety considerations). Appropriate measures have to be 2930 
evaluated and identified to contribute to the optimisation of the disposal system 2931 
against IHI. This is already a requirement in some regulations as part of the 2932 
optimisation process [UK EA 2009, BMU 2010]. ICRP Publication 122 describes  2933 
optimisation in a manner that reflects the approach for consideration of potential 2934 
measures: “Optimisation has to be understood in the broadest sense as an iterative, 2935 
systematic, and transparent evaluation of protective options, including Best Available 2936 
Techniques, for enhancing the protective capabilities of the system and reducing its 2937 
potential impacts (radiological and others).” 2938 

This optimisation framework (see Section 4.4) provides the rationale for the 2939 
selection of appropriate measures for implementation at a given disposal facility. The 2940 
main task is therefore the derivation of “protective measures” which will contribute to 2941 
the objectives of reducing the potential occurrence of IHI and/or reducing the 2942 
radiological consequences if IHI should occur, in the context of optimisation rather 2943 
than to meet a dose constraint. In this context, the HIDRA project developed a 2944 
systematic approach to evaluate potential measures and identify the protective 2945 
measures to be implemented in a safety case (see section Section 9.2). 2946 

Different protective measures may be considered at different stages of the life 2947 
cycle of the disposal facility. They can be categorised as passive or active measures 2948 
and can reflect a wide variety of safety functions, as discussed in the forthcoming 2949 
sections. Examples of safety functions for measures might include: warning, 2950 
informing, preventing, delaying, impeding and controlling. In this context several 2951 
main categories for measures were identified for consideration (see Section 9.3). 2952 

When protective measures are derived and implemented, there is no intent to 2953 
imply a prediction of how future generations will act when respective measures are 2954 
encountered/detected (for example, in the case of site markers, will future generations 2955 
avoid the facility or explore it?). Rather, the intent is to make reasonable 2956 

                                                

4 The term counter-measure is used in ICRP [1] and can be considered as a 
synonym for the term protective measure in this report. 
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improvements to the system on the basis of our current understanding. It has to be 2957 
further noted that the selection of measures is site and facility specific. It is expected 2958 
that some measures will be inappropriate for some facilities and may be ideal for 2959 
another facility, depending on the design and safety context.  2960 

9.2 APPROACH FOR THE DERIVATION OF PROTECTIVE MEASURES 2961 

A general approach has been developed for the process of identifying potential 2962 
measures and evaluation of their effectiveness, leading to the selection of specific 2963 
protective measures to be implemented as part of the optimisation of protection 2964 
process. The general approach consists of four steps, as illustrated in Figure 9.2.  The 2965 
first step is defining the framework, followed by the compilation of general measures, 2966 
identification of potential measures and finally the derivation of protective measures 2967 
in the context of optimising the disposal facility. 2968 

Figure 9.2. Schematic illustration of the four steps to derive protective measures 2969 

Each of the four steps requires different data and input and provides output for 2970 
the succeeding steps. The approach for deriving protective measures includes several 2971 
types of measures with different status and meaning. The terminology used for the 2972 
HIDRA project is listed in Table 9.1. 2973 
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TABLE 9.1. Description of different types of measures considered in the HIDRA 2974 

approach 2975 

Type of measure Description 

Measures 
is the generic term for all measures considered in this 
report 

General measures 
includes the overall list of measures which are 
considered in the process of deriving potential 
measures (compiled in step 2 and input for step 3) 

Potential measures 
are those measures which might be appropriate 
candidates for the ultimate protective measures 
(identified in step 3 and input for step 4) 

Inherent measures 

are already part of the site, disposal concept, disposal 
design/layout etc. For example, the location of the 
disposal facility in deep geological formations which 
reduces the potential or possible radiological 
consequences of HI (identified in step 3 and input for 
step 4) 

Protective measures 

are those measures which meet the technical criteria 
and regulatory requirements and are recommended 
for  implementation (derived in step 4 and input for a 
possible iteration of optimisation) 

 2976 

9.2.1 Step 1: Definition of the framework 2977 

The initial step of the approach of deriving protective measures refers to the 2978 
definition of the framework. The defined framework is the underlying safety basis for 2979 
the further steps. For the definition of the framework, each country has to consider the 2980 
respective national regulatory basis (e.g. acts, regulations and ordinances and possible 2981 
conditions and provisions) and the safety strategy to be taken into account when 2982 
dealing with IHI (See Chapter 5). 2983 

9.2.1.1 Regulatory basis 2984 

Dealing with IHI in the safety case requires the consideration of the 2985 
underlying regulations of the respective country. The regulatory framework may 2986 
include specific requirements related to IHI that will have to be considered. Some 2987 
examples of regulations from different countries are listed below. 2988 

According to the Regulatory Code of the Swedish Radiation Safety Authority 2989 
[SRSA 2008] measures can be adopted to make intrusion into the repository difficult 2990 
or to caution against intrusion. The safety analysis report for the facility has to prove 2991 
that these measures either have a minor and negligible impact on repository safety, or 2992 
that the measures result in an improvement of safety, compared to the situation that 2993 
would arise if the measures were not adopted. 2994 
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The relevant UK environmental regulations are set out in Geological Disposal 2995 
Facilities on Land for Solid Radioactive Wastes: Guidance on Requirements for 2996 
Authorisation [UK EA 2009]. This includes some specific guidance and a regulatory 2997 
requirement in relation to the consideration of human intrusion, namely. Requirement 2998 
R7 states that: “The developer/operator of a geological disposal facility should 2999 
assume that human intrusion after the period of authorisation is highly unlikely to 3000 
occur. The developer/operator should consider and implement any practical measures 3001 
that might reduce this likelihood still further. The developer/operator should also 3002 
assess the potential consequences of human intrusion after the period of 3003 
authorisation.” 3004 

Design modifications to reduce the potentials of inadvertent intrusion have to 3005 
be undertaken according to the Canadian Regulatory Guide [CNSC 2006]. This may 3006 
include the site selection for the facility (where site selection options are feasible), 3007 
siting the facility at a depth that discourages intrusion, incorporating robust design 3008 
features that make intrusion more difficult, and implementing active or passive 3009 
institutional controls, as appropriate.  3010 

In the case of the regulations for the United States, (Swift, 2013) there are two 3011 
different approaches to evaluating IHI mandated by the regulations.  One approach, 3012 
for the formerly proposed Yucca Mountain repository in hard rock, was to select a 3013 
time when the waste packages had degraded to the point where current drilling 3014 
technology could penetrate it, and analyze the effects on the natural system barrier 3015 
from an intrusion that entrained waste and moved it unhindered into the underlying 3016 
aquifer.  This was a prescribed stylized test of system robustness.  Only one 3017 
occurrence needed to be demonstrated and evaluated against the same prescribed dose 3018 
performance measure as had to be met by the undisturbed system.  3019 

The other US approach (Swift, 2013) was prescribed by the regulator for the 3020 
Waste Isolation Pilot Plant in deep bedded salt deposits in the New Mexico portion of 3021 
the Permian Basin.  Because there is resource extraction nearby (in particular oil and 3022 
gas drilling and extraction at a level well below the repository), a law was passed 3023 
forbidding resource extraction in a large area within which the reposory is located.  3024 
Although the law has no time limit, the regulator stipulated that no credit can be taken 3025 
for this law, or for active controls, after 100 years post-closure. In addition, a formula 3026 
was prescribed for calculating the frequency/probability of an intrusion borehole over 3027 
the next 10,000 years. A 10,000-year performance calculation typically has about 8 3028 
such intrusions. The results of these IHI events are part of the performance measure 3029 
prescribed for the system. IHI events cause the only releases from the system. There 3030 
has been discussion of pre-emptively removing the oil and gas from beneath the 3031 
repository to lower –but not eliminate—future IHI probability. 3032 

Guidance concerning future human intrusion is given in the German “Safety 3033 
requirements Governing the Final Disposal of Heat Generating Radioactive Waste” 3034 
[BMU 2010]. It is stated that “the optimisation of a final repository with regard to 3035 
reliable isolation of the radioactive materials in the final repository from future 3036 
human activities shall be carried out as a secondary priority to the optimisation of 3037 
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concept and design of the final repository. The final repository shall also be 3038 
continuously optimised in accordance with the principles of radiation protection and 3039 
from a safety management point of view. As future human activities cannot be 3040 
predicted, a variety of reference scenarios for inadvertent human intrusion, based on 3041 
common human activities at the present time, shall be analysed. Within the context of 3042 
such optimisation, the aim shall also be to reduce the potentials of human intrusion 3043 
and its radiological effects on the general public.” 3044 

These  examples show that international recommendations have common 3045 
views regarding the consideration of measures to reduce the potential for IHI and with 3046 
the optimisation of the disposal facility. However, there are also some differences in 3047 
specific details that might have some effects on the derivation of protective measures.  3048 

For example, certain measures are excluded due to specific regulations. There 3049 
are countries, for example, which do not intend to adopt active institutional controls 3050 
after repository closure or place markers at the disposal site (e.g. Germany, Sweden) 3051 
[OECD/NEA 1999]. In such cases potential measures regarding controls and markers 3052 
would not be considered. 3053 

In other countries, especially in the case of near-surface disposal, 3054 
consideration of measures and institutional controls play a much more important role. 3055 
Time frames for institutional controls can extend to hundreds of years depending on 3056 
country-specific policies. With respect to timescales and the safety case, the main 3057 
issues of concern are: 3058 

• How long should active measures, including monitoring, be maintained? 3059 

• What credit if any can be taken for both active and passive measures in the 3060 
safety case? 3061 

There are differences in the degree to which national regulations address these 3062 
questions. In some cases, regulations indicate the time frame over which monitoring, 3063 
control and record keeping should be maintained, and/or the time frame over which 3064 
IHI can be excluded in a safety case as a result of such actions [OECD/NEA 2006]. A 3065 
question of particular importance for the safety case is the timeframe over which 3066 
passive or indirect controls can be credited to eliminate the possibility of IHI or to 3067 
eliminate certain scenarios from consideration (e.g., large public works or mining 3068 
activities). 3069 

Therefore, it is essential to be aware of specific regulatory restrictions, 3070 
limitations etc. in the safety context of IHI. 3071 

9.2.1.2 Conditions and Provisions 3072 

In addition to the regulatory basis, further conditions and provisions for the 3073 
study of IHI in the safety case may need to be addressed. This can be done for 3074 
different reasons (e.g. managing uncertainty). 3075 
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Such conditions and provisions are important for providing a reasonable 3076 
framework in which to consider IHI without becoming overly speculative about future 3077 
activities. Furthermore, any such conditions and provisions need to be in line with the 3078 
relevant regulatory basis. Commonly accepted conditions and provisions were 3079 
identified in Section 5.2.2, as follows: 3080 

• only IHI has to be considered 3081 

• current and past technologies in the region have to be taken into account when 3082 
identifying relevant human actions 3083 

• IHI has to be considered separately from the systematic scenario development 3084 
process 3085 

• IHI considers stylised scenarios rather than implying a prediction of future 3086 
behaviour. 3087 

9.2.2 Step 2: Compilation of general measures 3088 

The development and compilation of a list of general measures is a key step to 3089 
provide a starting point for the identification of potential measures in step 3 of the 3090 
approach. Step 2 does not require specific information about the detailed disposal 3091 
concept and design and layout of the disposal system. It is however helpful to have 3092 
general information about the envisaged area for the disposal system e.g. the intended 3093 
host rock, the repository concept and the types and amount of waste which have to be 3094 
disposed. The more information about a specific site and concept that is available, the 3095 
better the initial situation for the identification of suitable measures. 3096 

The HIDRA project considered a variety of different sources for the 3097 
compilation of general measures which are described in the following subsections. 3098 
The output of step 2 is a set of general measures to be considered when identifying 3099 
potential measures. 3100 

9.2.2.1 Database 3101 

A key product of the HIDRA project is the development of a generic database 3102 
of measures that can be used as a starting basis when considering the mitigation of 3103 
IHI. The measures in the database were collected from former or current IHI 3104 
evaluations and general brainstorming [GRS 2014]. This database is expected to 3105 
continue to develop with time. The intent is for the database to serve as a reference for 3106 
the different types of measures that can be considered based on conditions at a given 3107 
site and facility. 3108 

This database, which was drawn up on the basis of a collection of ideas, the 3109 
outcome of discussions and several references contains not only the compilation of 3110 
general measures but also a range of attributes e.g. type of measure, effectiveness and 3111 
use, effort involved, and action (passive, active) required. It was believed that such 3112 
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characterisation of each general measure would be helpful in step 3 for the 3113 
identification of potential measures. 3114 

The database is included in an Excel file. This Excel file consists of the 3115 
following two worksheets: 3116 

• a) Description_Database_Entries and 3117 

• b) Database_Collected_Measures. 3118 

The worksheet a) contains a list of attributes associated with the data for each 3119 
identified measure. These attributes are explained in the worksheet and an example of 3120 
a general measure is provided (Figure 9.3 shows an example of Worksheet a)). 3121 
Worksheet b) lists the measures and includes a specific characterisation for each 3122 
measure according to its attributes (an example worksheet b) is shown in Figure 9.4). 3123 
Annex A provides the current contents of the attributes and a list of the general 3124 
measures in the database.3125 
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Figure 9.3. Detail of the worksheet “Description_Database_Entries”  

1.1 Reduction of the possibility of intrusion Institutional control

1.2 Reduction of the radiological consequences Waste separation, compartmentalisation, encapsulation

2.1 External measures reference on measures outside the disposal system or be applied Restriction of use, development freeze

2.2 Internal measures reference on measures inside the disposal system or be activated Inserting of resistances against tunnelling/mining techniques

3.1 Passive measures reference on measures which need no further actions and maintenance if they are once Labelling and marking

3.2 Active measures reference on measures which need sometimes or continued updates and maintenance Preservation of information and knowledge

4.1 Regulative measures mandatory measures provided by authorities Surveillance (site inspection, satellite-based)

4.2 Constructive measures measures which require a design layout Inserting of a reinforced concrete slab near surface

4.3 Planning measures measures which require a planning realisation regarding implementation and place of installation Usage of difficultly soluble fixtures

4.4 Conceptual measures measures which have to be considered in the disposal concept Placement of the repository (repository depth)

5.1 Delaying Inserting of rubber mats in the emplacement drifts

5.2 Deterring, preventing, restricting Designation as prohibited zone

5.3 Indicating, informing, warning Optical indicators (fluorescent colours, phosphorescent materials)

5.4 Aggravating, hindering, defending Increase of the cask wall thickness

5.5 Controlling, guarding Safeguards

6.1 Depending on the spec. human action measures which are connected to a specific human action
Construction of a borehole top seal, borehole plug made of 

robust material 

6.2 Independent of the spec. human action measures which are not connected to a specific human action Archiving and documentation (local, regional, national, global)

7.1 Borehole drilling Repository dimensions (reduction of spatial expansion)

7.2 Creation of a cavern Usage of difficultly soluble fixtures

7.3 Construction of a mine Inserting of resistances against tunnelling/mining techniques

7.4 Excavation/ Blasting/ Others Inserting of a reinforced concrete slab near surface

7.5 General no reference to a specific basic action Adoption of the issue in the education programme

8.1 High Institutional control

8.2 Medium Labelling and marking

8.3 Low Alteration of the landscape (difficult to develop)

9.1 Great Usage of difficultly soluble fixtures

9.2 Medium Construction of a drift backfilled with robust material/rock

9.3
Little

Colour indicators that react upon contact with a liquid and cause 

e.g. colouring of the fluid, uranine

10.1
Long-term

evaluation of the temporal availability of respective measures (for deep geological disposal e.g. 

from few thousand years to the demonstration period and longer)
Placement of the repository (repository depth)

10.2
Medium-term

evaluation of the temporal availability of respective measures (depending of the disposal facility 

e.g. from loss of the memory to several hunderd years up to a few thounsand years)
Inserting of rubber mats in the emplacement drifts

10.3
Short-term

evaluation of the temporal availability of respective measures (from closure to the loss of memory 

e.g. few hundred years)
Monitoring of the environment

11.1 Existing
assessment of the measure regarding optimisation conflicts (e.g. the meausre might 

compromise the safety of the disposal system)

11.2 Explanation explanation of the reasons in case of an optimisation conflict

Example

reference to a specific basic action

Explanation

Dependence

Basic action

Type

Characteristic measures which can have a respective effect

Measures with focus on a specific objective

Entry (No.) Reference

Objective

Position

Action

If an optimisation conflict exists depends primarily on the criteria 

regarding conflicts, respective national regulations, site 

conditions and disposal concepts.

evaluation of the effectiveness of respective measures

evaluation of the expected effort in conjunction with respective measures

Assessment: 

availability

Optimisation 

conflict

Assessment: 

benefit/ cost

Assessment: 

effort
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Figure 9.4. Detail of the worksheet “Database_Collected_Measures” 
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To illustrate the use of the database, an example is provided from which 3123 
specific information and characterisation of the included measures can be obtained. 3124 
The example refers to the measure B7 “Construction of a drift backfilled with robust 3125 
material/rock”. 3126 

The measure B7 is assigned to the category “B) Design of disposal facilities 3127 
and engineering barriers” and the sub-category “BII Increasing Resistance”. This kind 3128 
of measure might reduce the potential of IHI and is characterised as an internal, 3129 
passive and constructive measure. It has the function (characteristic) to delay, prevent 3130 
and hinder an inadvertent intrusion. Furthermore this measure is not tied to any 3131 
specific human action such as drilling and mining and is therefore assigned as a 3132 
general measure for the identified IHI technologies. The other characteristics in the 3133 
table such as “benefit/cost”, “effort” and “availability” can be evaluated at the earliest 3134 
in step 3 when detailed information is provided (e.g., for the site, disposal concept and 3135 
design and layout). The entries for the attribute “Optimisation conflict” can only be 3136 
given after the analysis of the measures regarding optimisation conflicts in step 4. 3137 

9.2.2.2 Literature/ Projects 3138 

Another resource for the compilation of general measures is the study of 3139 
existing literature or projects regarding IHI. Such resources will be an important 3140 
source reflecting practical experiences. The literature and projects can be both 3141 
national and international. Relevant examples include: 3142 

• Information preservation 3143 

− Bibliographies (e.g. RK&M [OECD/NEA 2013a]) 3144 

− Catalogues (e.g. RK&M [OECD/NEA DRAFT]) 3145 

− Loss of information (e.g. RK&M [OECD/NEA 2014]) 3146 

• Markers and monuments 3147 

− Marker studies (e.g. RK&M [OECD/NEA 2013b]) 3148 

• Existing safety cases 3149 

− Stylised IHI scenarios 3150 

− Assumptions for human actions 3151 

The output of the project and literature study can be used in turn as an input 3152 
for the database (see Section 9.2.2.1). 3153 
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9.2.2.3 Consulting experts 3154 

Another supporting feature for the identification of general measures can be 3155 
consultation with technical experts (e.g. expert elicitation). Site specific information 3156 
can be obtained regarding current practices and perspective about the effectiveness of 3157 
different barriers (e.g., drillers and miners) (see section 9.2.3.5). 3158 

The technical experts can provide additional information regarding possible 3159 
circumstances that might be undesirable or abnormal when performing a specific 3160 
action. This can be, for example in the case of an exploratory drilling, the loss of 3161 
drilling fluid, uncommon slow drilling heading, strong deflection or borehole 3162 
inclination and damaged drill-bits. 3163 

Furthermore, the description of a specific technique, including working steps 3164 
from the first planning, preparatory work, respective action with accompanying 3165 
measurements and concluding work can also be worthwhile when identifying and 3166 
evaluating general measures. 3167 

Finally, the information provided by the technical experts can be useful when 3168 
considering the implementation and development of respective measures that lead to 3169 
undesirable effects and/or facilitates the possible detection of an abnormal situation. 3170 
Those noticeable problems or uncommon features might lead to further investigations 3171 
by the staff performing the specific action. 3172 

9.2.3 Step 3: Identification of potential/inherent measures 3173 

The potential measures, those measures identified as relevant for a specific 3174 
disposal system, are analysed in Step 3. This requires inter alia the consideration of 3175 
specific information of the waste characteristics, site, disposal concept, and 3176 
design/layout of the facility. Beyond that, the relevant human actions (see Section 8) 3177 
considered for development of the stylised IHI scenarios have to be taken into account 3178 
(see section 9.2.3.5). 3179 

Before any potential measures are selected, it is essential to identify the 3180 
“inherent measures” that are already in place in the disposal system. This is required 3181 
for understanding the capabilities of the disposal system and, where applicable, 3182 
modifying inherent measures for increasing its effectiveness. The intent is to 3183 
document all measures that contribute to reducing the potential for and/or 3184 
consequences of IHI. Thorough documentation helps to better explain all the 3185 
provisions being taken against IHI. 3186 

For various reasons, some of the general measures may not be considered as 3187 
suitable potential measures. For example, if national regulations prohibit marking the 3188 
disposal site,. any general measures regarding markers and monuments would be 3189 
excluded from. 3190 

Finally, a list of potential measures constitutes a pre-selection of candidates 3191 
for further analysis, from which the protective measures can be derived. Therefore, 3192 



 

FINAL DRAFT JANUARY 2017  
 

  P a g e  | 98 

   

HIDRA   

the potential measures have to be selected or identified on a reasonable basis by 3193 
taking into account the following aspects: 3194 

• Measures must not compromise the safety of the disposal facility. 3195 

• Measures must not lead to other undue hazards to people and the environment. 3196 

• Measures have to follow the principle of proportionality regarding benefits, 3197 

efforts and costs, which will be considered as part of optimisation. 3198 

The following subsections provide more detailed information and examples 3199 
regarding potential/inherent measures from different perspectives such as site, 3200 
disposal concept, design/ layout and waste characterisation, as well as the underlying 3201 
stylised scenarios. The examples were chosen for the most part from the database of 3202 
collected general measures (see Section 9.2.2.1 and Annex A). 3203 

9.2.3.1 Site 3204 

The site for a specific disposal facility for radioactive waste plays a major role 3205 
in a safety case. In particular, site selection, site characterisation and site evolution in 3206 
the post-closure phase are all elements which have to be considered in the context of 3207 
the safety of disposal facilities. 3208 

The objective of site selection is to ensure that the site has natural properties to 3209 
provide adequate containment of the waste from the environment in conjunction with 3210 
the engineered barriers of the disposal facility. As engineered barriers cease to 3211 
function, the site characteristics should provide sufficient retention capabilities to 3212 
maintain the potential releases of radionuclides from the disposal system within 3213 
acceptable levels. 3214 

The following list includes some examples of beneficial characteristics that are 3215 
not essential, but may be considered [Cooper et al. 2010, IAEA 1984, IAEA 2014]: 3216 

• arid climate 3217 

• deep groundwater table below the base of the disposal facility, with 3218 

groundwater not suitable for human consumption 3219 

• geologic structure with high absorption/ion exchange properties which 3220 

retard radionuclide migration; 3221 

• geologic strata of low permeability 3222 
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• simple geologic structure to permit modelling of groundwater and 3223 

radionuclide migration patterns 3224 

• located away from any known or anticipated seismic, tectonic or volcanic 3225 

activity 3226 

• suitable geochemical and geotechnical properties 3227 

• area free from flooding 3228 

• slow wind and water erosion rates 3229 

• no potentially valuable mineral deposits or construction materials unique 3230 

to the local area 3231 

• topography suitable for easy movement of heavy machinery 3232 

• low population, remote area 3233 

• land unsuitable for agriculture 3234 

• absence of special environmental attractiveness 3235 

• absence of any known rare species or ecosystems 3236 

• absence of sites of special cultural or historical significance 3237 

• social acceptance by local communities 3238 

The criteria in the list refer to different safety, technical and societal-3239 
acceptance issues relevant to long-term safety, operational safety, feasibility, costs, 3240 
future human actions and human intrusion. It is evident from the list above that it is 3241 
not realistic to find a site with all the desirable aspects. Therefore, the site selection 3242 
process will inevitably include a balance between the desirable and the less desirable 3243 
aspects. For the balancing process it is essential that in particular there can be a 3244 
reasonable expectation that long-term safety requirements will be met. That is, those 3245 
aspects which might reduce the potential of IHI are suitable attributes of the site but 3246 
they are of secondary importance compared to long-term safety and operational 3247 
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safety.  The experience of several Member States  has also shown that societal 3248 
acceptance is a key ingredient in the successful selection of a site. 3249 

It should finally be noted that those aspects of the site which, for example, 3250 
make it difficult to intrude or make the location less attractive for any economical and 3251 
non-commercial reasons are inherent measures. Some of the inherent measures can be 3252 
modified to promote their potential effectiveness. There may be cases in which the 3253 
likelihood for IHI increases over the time period during which the repository is 3254 
operating. This could happen if a known resource such as oil and gas beneath or 3255 
beside a repository in salt, for example, becomes more commercially attractive. In 3256 
such a case it may be appropriate to remove the resource from beneath and near the 3257 
repository with careful extraction techniques that are mindful of the repository and do 3258 
not disturb its natural barriers.  In addition to site selection, consideration of the post-3259 
closure phase is also essential when identifying potential measures. In particular, site 3260 
alteration might be a basis for potential measures. The database of collected general 3261 
measures (see Section 9.2.2.1 and Annex A) includes some examples which refer to 3262 
the alteration of the site after the closure of the disposal facility. These examples 3263 
include 3264 

• Alteration of the landscape (difficult to develop) 3265 

• Pre-emptively extracting potential resources, or rendering the resources 3266 

unattractive 3267 

• Development of the site as a recreational area that might be preserved by 3268 
future generations 3269 

Some more details to potential measures in conjunction with siting are given 3270 
in Section 9.3.4. 3271 

9.2.3.2 Disposal Concept 3272 

The disposal concept varies from country to country and facility to facility, 3273 
depending on the types of wastes and the safety framework. Generally, the disposal 3274 
concept involves the following components, which often constitute protective 3275 
measures (i.e. inherent measures of the disposal concept): 3276 

• Types of disposal facility: near surface, borehole, and deep geological:- 3277 
each type has different human intrusion potentials and consequences; 3278 

• Design: layout configuration, footprint shape and size, and depth. While 3279 
the layout configuration, footprint shape and size can affect the potentials 3280 
and consequences of human intrusion, the facility depth has the greatest 3281 
influence on the potential for IHI and its consequences. Generally 3282 
speaking, the deeper a repository, the lower the potential for and 3283 
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consequence of human intrusion, but optimisation needs to be achieved 3284 
based on the specific circumstances; 3285 

• Waste types and forms: e.g. used fuel bundles, or solidified high-level 3286 
wastes from reprocessing:- will affect the intrusion consequences as well 3287 
as the potential for IHI; 3288 

• Containers: different types of material (steel, copper, titanium, etc.), size, 3289 
shapes and thickness, and corrosion properties; 3290 

• Disposal rooms or near surface units: vertical and horizontal arrangement 3291 
of waste, footprint shape and size, etc.; IHI needs to be considered along 3292 
with other factors for the design; 3293 

• Engineered barriers: features of vaults, covers and other barriers that can 3294 
influence IHI; 3295 

• Sealing: shaft and tunnel seal, plugs, backfill material and container buffer. 3296 
Of relevance are the types, properties and the thickness of sealing 3297 
materials; 3298 

• Surrounding and overlaying media: types, geological, hydrogeological, 3299 
geotechnical properties of rock/soil. 3300 

9.2.3.3 Design/ Layout 3301 

For the derivation of protective measures, information on design and layout 3302 
plays a key role in the screening of the general measures in terms of conceptual 3303 
appropriateness, feasibility of implementation, and availability. Final judgment for the 3304 
adaptation of the identified potential measures is carried out in step 4 through an 3305 
iterative process considering all aspects which can affect the long-term safety and 3306 
robustness of the disposal facility. 3307 

The depth of the disposal facility and the emplacement of different wastes in 3308 
different areas or locations etc., which are conceptually established on the basis of 3309 
waste characteristics, are classified as inherent measures. Since designing the disposal 3310 
facility is an iterative process, these inherent measures can be modified in the early 3311 
stage of the design process for optimisation regarding IHI. As the design process 3312 
approaches the detailed design, additional measures may be identified to complement 3313 
the inherent measures to reduce the potential for and the radiological consequence of 3314 
IHI. 3315 

Potential measures to be identified in step 3 depend significantly on the design 3316 
and layout of the disposal facility. Furthermore, a potential measure can have some 3317 
effects on other safety issues. For example, near surface disposal facilities are 3318 
generally accepted for disposal of VLLW and LLW. The potential measure to 3319 
increase the depth of the disposal facility could lead to undesired side effects for the 3320 
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disposal facility accommodating LLW and VLLW. For example, the containers for 3321 
these types of waste may have in general a thin wall thickness, whereby a greater 3322 
depth of the facility can cause damage to the containers due to the larger overburden. 3323 
In contrast, the disposal canisters for HLW or spent fuel have in general a sufficient 3324 
wall thickness to resist ambient pressure from the host rock and swelling pressure of 3325 
the buffer. 3326 

Further examples of potential measures are the installation of reinforced 3327 
concrete vaults in the near surface, construction of a drift backfilled with a robust 3328 
material and rock for geological disposal, boreholes plugged with impermeable 3329 
material and/or insertion of a layer of rubble or tyres, which may be difficult to drill 3330 
through. Whether or not such potential measures are appropriate depends on the 3331 
design and layout of the disposal facility. Markers such as colour indicators, chemical 3332 
indicators, biological indicators, etc. listed in the database of collected general 3333 
measures (see also Section 9.2.2.1 and Annex A) can be appropriate potential 3334 
measures for both near surface disposal facilities and deep geological disposal 3335 
facilities. 3336 

Potential measures such as increased vault or cask wall thickness and rubble 3337 
layers in covers or insertion of a drift backfilled with a robust material have a function 3338 
to reduce the possibility of IHI. Whereas potential measures such as waste separation 3339 
or placement of higher activity wastes deeper in a near surface facility, installation of 3340 
indicators, etc. play an important role in reducing radiological consequences. In most 3341 
cases, potential measures derived in the category “design/ layout” are installed during 3342 
the construction of the repository and would be considered passive measures which do 3343 
not need further update and maintenance to address intrusion considerations after 3344 
closure 3345 

9.2.3.4 Waste Classification and Characterisation 3346 

There exists internationally a broad range of waste classification and disposal 3347 
methods. Quantitative regulations are typically used when classifying the radioactive 3348 
waste which can be accepted in disposal facilities. These quantitative regulations 3349 
include, for example, the limits of concentrations of radioactivity, maximum 3350 
inventories of radioactivity and dose rates. The limits for radioactivity are usually 3351 
defined for each radionuclide or for total radioactivity in order to identify low (LLW), 3352 
intermediate (ILW) and high-level waste (HLW) according to the IAEA waste 3353 
classification scheme [IAEA 2009]. 3354 

Some examples of potential measures (see Section 9.2.2.1 and APPENDIX) 3355 
which refer to waste reduction, mitigating the toxicity and compilation of appropriate 3356 
regulations are as follows: 3357 

• reducing the waste volume 3358 

• waste conditioning (general) 3359 
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• transmutation (general) 3360 

• waste recycling (general) 3361 

• waste acceptance criteria (general) 3362 

The potential measures regarding waste characterisation refer primarily to 3363 
waste management and waste processing techniques prior to the waste’s disposal. 3364 

9.2.3.5 Stylised Scenarios/ Human activities 3365 

The general consensus is that there is limited benefit in considering a wide 3366 
range of speculative IHI scenarios when optimising the disposal facility with regard to 3367 
the potential for IHI.  Rather, the emphasis is placed on current practices and one or 3368 
more stylised scenarios. Therefore, human activities as practiced today in the local 3369 
area of the site and showing a potential for intrusion into the disposal facility with 3370 
regard to the associated technologies or courses of action have to be identified. On 3371 
this basis, a set of stylised scenarios are generally provided for further analysis (see 3372 
Chapter 8). 3373 

Stylised scenarios have to be considered both to evaluate the effectiveness of 3374 
potential measures and to identify where and how specific measures should be 3375 
implemented in the disposal system. For the aim of deriving protective measures in 3376 
connection with stylised scenarios it is essential to know about current common 3377 
human activities with respect to their practical execution and application. 3378 

Human intrusion scenarios will be based on human actions that use technology 3379 
and practices similar to those that currently take place or that have historically taken 3380 
place, in similar geological and geographical settings. The assumed habits and 3381 
behaviour of people will be based on present and past human habits and behaviours 3382 
that have been observed and are judged relevant [UKEA 2009]. 3383 

For example, there is no need to consider solution mining as a basic human 3384 
action if the underlying geology of the disposal facility is not composed of soluble 3385 
substances such as rock salt or potash salt. The same applies in general to human 3386 
actions at the surface or near the surface and past technologies that have no impact on 3387 
a geological disposal facility. On the other hand, actions that relate to the deep 3388 
underground (such as mining) also have to be taken into account for near surface 3389 
disposal facilities. 3390 

9.2.4 Step 4: Derivation of protective measures 3391 

Derivation of protective measures is the last step. The potential measures 3392 
identified in the preceding step are analysed using qualitative and, if feasible and 3393 
appropriate, quantitative assessments. The analysis is performed in close connection 3394 
to the provided stylised scenarios from chapter 8 (i.e., the relationship between the 3395 
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scenario and assumptions regarding the effectiveness of different measures (timing 3396 
and mitigation)). The main objective of the analysis is evaluation of whether the 3397 
potential measures are in conflict with the primary safety targets. A further objective 3398 
refers to the consideration of the feasibility and effectiveness of a specific potential 3399 
measure. The evaluation of the effectiveness can be done, for example, by discussing 3400 
and/or calculating the cases before and after implementing the specific potential 3401 
measure. 3402 

Those potential measures which do not compromise the primary targets and 3403 
which are found to be feasible and effective against IHI in the optimisation 3404 
framework, are designated the derived protective measures, which are recommended 3405 
for implementation. 3406 

9.2.4.1 Facility Safety Objectives 3407 

The development of a disposal system is in general an iterative process taking 3408 
into account specified objectives, which in this document are referred to as primary 3409 
targets. The facility safety objectives can differ from country to country dependent on 3410 
the respective regulatory basis. Some examples of primary targets which are relevant 3411 
in most of the countries dealing with disposal systems for radioactive wastes, include: 3412 

• Radiation protection for the operating phase 3413 

• Long-term safety 3414 

• Reliability and quality of long-term waste containment 3415 

• Technical and financial feasibility 3416 

The optimisation of the disposal system in terms of IHI is a lower priority with 3417 
respect to the primary targets. This means that potential measures from step 3 must 3418 
not be in conflict with the above-mentioned primary targets. A conflict is given when 3419 
the potential measure compromises one or more of the primary targets. For example, 3420 
it has to be checked whether the identified potential measures regarding IHI may 3421 
initiate or favour processes or create circumstances that will have adverse effects on 3422 
operational or long-term safety. In such cases, the potential measure has to be 3423 
modified or excluded. 3424 

9.2.4.2 Analysis and additional considerations 3425 

The identified potential measures from step 3 (see Section 9.2.3) of the 3426 
approach constitute the input for the analysis. In the analysis and additional 3427 
considerations, the potential measures will be discussed to identify any possible 3428 
conflicts with primary targets, feasibility and effectiveness (see figure 9.5). If 3429 
required, a quantitative assessment of the IHI scenario before and after the 3430 
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consideration of potential measures can be modelled and analysed. The comparison of 3431 
the calculated results should give information about the benefits and effectiveness of a 3432 
specific potential measure. 3433 

The first step is to confirm that the potential measures are not in conflict with 3434 
the primary targets (see Section 9.2.4.1). This evaluation can be an inter-disciplinary 3435 
process and require information and specialists from different scientific fields (e.g. 3436 
geologists, physicists, chemists, engineers etc.). Stylised scenarios may be used to 3437 
identify for each potential measure whether the objectives of the primary targets could 3438 
be compromised. 3439 

The following virtual example provides some perspective on the evaluation 3440 
process. For example, the implementation of rubber mats as a resistance to drilling 3441 
might be identified as a potential measure at step 3 of the approach. Rubber mats 3442 
installed as a ceiling in emplacement drifts, tunnels or chambers could resist a drill-bit 3443 
and could therefore prevent further drilling activities or make it at least difficult to 3444 
proceed, whilst keeping the facility relatively intact. On the other hand, the rubber 3445 
consists of organic material which is subject to bacterial degradation [26]. The rubber 3446 
degradation process generates gas which might compromise the sealing of a disposal 3447 
system. The gas produced might also act as a transport medium for radioactive wastes. 3448 
Both issues can affect the primary targets “long term safety” and “reliability and 3449 
quality of long-term waste containment”. As a consequence, the protective measure of 3450 
the rubber mats should be modified in such a way that no compromising effects occur, 3451 
otherwise the measure should be excluded from further consideration as a protective 3452 
measure. 3453 
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 3454 

Figure 9.5. Schematic illustration of the elements for the analysis and additional 3455 
considerations 3456 

Potential measures which are not in conflict with the primary targets should be 3457 
assessed in terms of their feasibility and effectiveness. These additional considerations 3458 
can be undertaken in a qualitative and/or quantitative way. When discussing the 3459 
feasibility of potential measures, the effects, efforts and possible costs of the adequate 3460 
implementation or establishment have to be considered along with practical 3461 
considerations related to effectiveness of the measure. In terms of the costs for 3462 
providing a specific potential measure the asset costs, installation costs, and the 3463 
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possible follow-up costs (e.g., maintenance and monitoring) should be taken into 3464 
account. 3465 

The assessment of the effectiveness of a potential measure could consider 3466 
many factors, for example: 3467 

• internal or external measure, 3468 

• passive or active measure, 3469 

• type and characteristic of the measure, 3470 

• dependent or independent of a specific human action or IHI scenario, 3471 

• availability and effectiveness of the measure (material degradation, 3472 

functionality). 3473 

The database (see 9.2.2.1 and Annex A) includes for each measure a summary 3474 
of the above mentioned factors, which is intended to support the evaluation of 3475 
effectiveness. 3476 

Referring to the above mentioned example of the use of rubber mats, it can be 3477 
envisioned that for other environmental conditions this potential measure might be 3478 
useful for providing resistance to drilling. However, it is stated that a specific rubber 3479 
material, such as vulcanite, becomes brittle in chemically aggressive pore-water and 3480 
furthermore it may be technically difficult to introduce such materials into a disposal 3481 
tunnel of several hundred metres in length and some metres in diameter [Buser 2013]. 3482 
In this case the feasibility and the effectiveness of the potential measure rubber mats 3483 
will be estimated as low. However, it should be noted that this estimation can vary 3484 
depending on the conditions e.g. disposal concept, site and waste characteristics. 3485 

In some cases the specific potential measure can be modelled and considered 3486 
in quantitative calculations. The effectiveness can then be evaluated by comparing the 3487 
calculations with and without a specific potential measure in place or active. The 3488 
calculated values should be seen as indicators for comparison. An indicator might be, 3489 
for example, the extracted quantity of radioactive waste in a particular stylised IHI 3490 
scenario. 3491 

Finally, it has to be decided if the identified potential measures warrant 3492 
implementation. It is anticipated that the decision for accepting a potential measure as 3493 
a protective measure to be implemented will be a balancing process where all the 3494 
information, assessments and evaluations are consolidated in an optimisation 3495 
framework. 3496 
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9.3 CATEGORIES OF MEASURES 3497 

As already mentioned, there are different types of measures with different 3498 
intentions and purposes. Some measures are geared towards constructive or indicative 3499 
provisions and some are based on regulatory provisions. Some measures are passive 3500 
and some rely on active intervention. Others in turn are already part of the disposal 3501 
concept such as the location of the disposal facility in deep geological formations. 3502 
These measures are known as inherent measures and will be identified for each 3503 
individual disposal facility as a potential basis for further optimisation. There are quite 3504 
a number of possibilities. In order to allow a systematic compilation and classification 3505 
of potential measures, the following categories were defined for the database: 3506 

A) Monitoring/ Surveillance 3507 

B) Design of disposal facilities and engineering barriers 3508 

C) Knowledge management 3509 

D) Siting 3510 

E) Waste types and characteristics 3511 

The characteristic of each category and some respective examples of types of 3512 
measures are described below. Annex A (database of collected measures) includes the 3513 
current list of collected measures, organised into specific categories. 3514 

9.3.1 Monitoring/ Surveillance 3515 

The category “Monitoring/ Surveillance” is a generic term and comprises a 3516 
number of measures predominantly focused on preventing, delaying, warning and 3517 
controlling the potential for IHI. Examples of such measures are: 3518 

• fences and security at a site 3519 

• satellite based surveillance controls on land ownership and restrictions on land 3520 

use and 3521 

• monitoring. 3522 

Information preservation and archives are often discussed in connection with 3523 
active and passive controls. In this document these issues are assigned to the category 3524 
“Knowledge management” (see section 9.3.3) due to their close relation to 3525 
information and knowledge conservation. 3526 

The IAEA Safety Glossary “Terminology Used In Nuclear Safety And 3527 
Radiation Protection (IAEA 2007 Edition)” defines institutional control as follows: 3528 
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“Control of a radioactive waste site by an authority or institution designated 3529 
under the laws of a State. This control may be active (monitoring, surveillance, 3530 
remedial work) or passive (land use control, information preservation) and may be a 3531 
factor in the design of a nuclear facility (e.g. near surface repository).” 3532 

The majority of the measures involve active engagement. Only a few are of a 3533 
more passive nature, for example restrictions on land use, markers and monuments. 3534 
Both active and passive measures are discussed on a national and international level. 3535 

Regarding the active measures, it is argued that disposal facilities in deep 3536 
geological formations are designed to be passively safe in the post-closure phase. 3537 
Therefore, active support is not essential. Furthermore, active measures need to be 3538 
balanced with the principle of avoiding undue burdens on future generations. For near 3539 
surface disposal, active measures are more commonly considered, since active 3540 
institutional controls are seen as an effective way to prevent IHI. In the context of 3541 
near surface disposal the IAEA Specific Safety Requirements (SSR 5) [IAEA 2011] 3542 
state: 3543 

“Near surface disposal facilities are generally designed on the assumption 3544 
that institutional control has to remain in force for a period of time. For short-lived 3545 
waste, the period will have to be several tens to hundreds of years following closure. 3546 
Such controls will be either active or passive in nature. For near surface disposal of 3547 
waste from mining and mineral processing that includes very long lived 3548 
radionuclides, and which generally comprise large volumes, activity concentrations 3549 
have to be limited so that ongoing active institutional control does not have to be 3550 
relied on as a safety measure. Waste with activity concentrations above the limitations 3551 
has to be disposed of below the ground surface.” 3552 

In terms of passive measures, especially with regard to markers, it is argued 3553 
that warning messages could be misunderstood or neglected. Moreover, markers can 3554 
have a reverse effect, that future generations might be attracted to the site out of 3555 
curiosity. Otherwise, markers or other features to enhance awareness of the disposal 3556 
facility can be an important safety element, depending on the disposal facility, 3557 
disposal concept, and the waste category.  3558 

If markers for disposal sites are planned, a globally standardised form of the 3559 
marker system might be useful (e.g. design, size, durable material etc.)5. The reason is 3560 
that if IHI with perceived radiological consequences does occur, then the societies at 3561 
other similarly marked places will be warned and may act accordingly to prevent IHI 3562 
at their locations. This implies inter alia a functioning information system between 3563 
societies. 3564 

                                                

5 [Foote 1990, BMI 1984] Describe the creation of a universal biohazard 
symbol as a two-fold aid to communicational durability. 
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There is wide consensus that measures from the category “Monitoring/ 3565 
Surveillance” e.g. institutional controls, can be effective to prevent IHI for a certain 3566 
period of time but should not to be relied upon for the safety of the disposal facility 3567 
into the far future after closure [IAEA 2011a, IAEA 2011b, IAEA 2012]. 3568 

It is often conservatively assumed that IHI can occur immediately after the end 3569 
of active institutional control. There is no international consensus on the period of 3570 
time beyond active control over which passive controls would be effective to preclude 3571 
intrusion. There can be a general perspective that the end of institutional control is 3572 
connected to the loss of knowledge about the disposal facility and the hazard of the 3573 
site from the perspective of when IHI can occur [IAEA 2012, IAEA 2001]. 3574 

9.3.2 Design of disposal facilities and engineering barriers 3575 

In contrast to the other categories, the category “Design of disposal facilities 3576 
and engineering barriers” includes measures that are focusing both on reducing the 3577 
potential for and the radiological consequences of IHI. This category comprises a 3578 
wide spectrum of different types of measures with different intentions that are 3579 
dependent on the specific design of the disposal facility. 3580 

Certain measures are aimed at warning those acting in the future that there is 3581 
an abnormal situation so that they will take due care. Examples of such measures are 3582 
the implementation of indicators with fluorescent colours and the use of unusual and 3583 
unexpected substances as backfill material in excavations of the disposal facility. 3584 
However, there seems to be a similar situation to the issue of markers (see 9.3.1) that 3585 
such indicators might attract rather than deter intruders. The rationale here is that 3586 
these indicators might warn intruders to act with increased care by giving them the 3587 
knowledge that they are encroaching into something unusual. 3588 

Other measures are directed at increasing the chances of the nature of the 3589 
hazard being detected before, during and after an intrusion into the waste 3590 
emplacement area has taken place. These measures can include all types of indicators, 3591 
e.g. optical, acoustic and magnetic, that might facilitate the detection of the disposal 3592 
facility and the potential recognition of its hazard potential. 3593 

Another type of measure in this category refers to physical provisions against 3594 
human activities. The physical provisions act as a robust barrier against potential 3595 
techniques used by potential intruders. As a result, the intruder might investigate the 3596 
causes of the situation or at least will be sensitised for their next actions. Examples of 3597 
such measures are an increased wall thickness of waste containers, cover thickness of 3598 
near surface facilities and the use of resistant materials for additional barriers. In such 3599 
cases a drilling of a borehole, for example, might be deflected and/or the drill bit may 3600 
be damaged. 3601 

Design measures of the disposal facility can also contribute to the reduction of 3602 
IHI potentials and radiological consequences, for example: the separation, 3603 
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compartmentalisation and encapsulation of the emplaced waste might reduce the 3604 
amount of affected waste in the instance of an intrusion. Therefore, these measures are 3605 
targeted on the reduction of potential radiological consequences from an IHI event. 3606 

The waste emplacement strategy can also be influenced by human intrusion 3607 
considerations. For example, the most active waste packages are often placed at 3608 
greater distances from potential intrusion routes. For example, in a near surface 3609 
repository the most active waste packages are often emplaced at the bottom of the 3610 
stacks in order to reduce the potential for intrusion into those particular waste 3611 
packages. 3612 

Another design measure refers to the reduction of the footprint of the disposal 3613 
facility in order to reduce the potential for IHI. In this context the disposal facility 3614 
might be designed in such a way that the required area for the waste emplacement is 3615 
minimised. The adjustment of several layers of drift emplacement is an example of 3616 
reducing the footprint of a disposal facility. However this measure has a counter 3617 
argument that drilling in the space of the reduced area of a disposal facility the 3618 
borehole might cross all of the designed layers and hence breach a larger volume of 3619 
waste. A very small footprint is associated with deep borehole disposal and this can 3620 
reduce the potential for IHI. This might be valid in the case of specific future human 3621 
actions such as vertical drilling from the surface; but for other techniques such as 3622 
mining there is no evidence that the potential for crossing the boreholes with disposed 3623 
wastes will be reduced. 3624 

Another design and safety strategy related measure is related to the depth of 3625 
the disposal facility in a geological formation. The envisaged depth of such disposal 3626 
facilities especially for HLW is in general about several hundred metres. Some near 3627 
surface facilities may also include excavations to depths exceeding 10 metres. These 3628 
design options limit IHI by reducing  the number of: 3629 

• types of basic actions e.g. drilling, leaching and excavation; 3630 

• motivations e.g. exploration, exploitation, mining, disposal; 3631 

• individuals who have the intention, means and resources for such an endeavour. 3632 

It is generally accepted that sufficient depth of the disposal facility is one of 3633 
the most effective measures against IHI.  The depth required will depend on the waste 3634 
properties, the design of the disposal facility, characteristics of the host rock, etc. 3635 

9.3.3  Knowledge management 3636 

The category “Knowledge management” refers to measures that encourage the 3637 
transfer of information and knowledge about disposal facilities and their inventories to 3638 
future generations. Some examples of such measures are 3639 
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• information collection and preservation, e.g. keeping copies of records at different 3640 

locations, 3641 

• creation of information centres, e.g. at disposal sites, 3642 

• establishing archives on a local, regional, national and global level and 3643 

• educational programmes, e.g. radioactive waste disposal as a subject in schools, 3644 

colleges and universities. 3645 

The rationale behind these measures is to keep future generations informed 3646 
regarding hazardous sites and to provide them with all necessary information for a 3647 
considerate management of such sites. Along with depth of disposal, knowledge 3648 
management is viewed as one of the most effective deterrents for IHI. 3649 

There is general consensus that the potential for inadvertent human actions can 3650 
be essentially eliminated or significantly reduced if future generations are aware of 3651 
existing disposal sites and of the potential hazard posed by the disposal facilities. 3652 
However, from a safety point of view this can only be assumed for a limited period of 3653 
time.  This timescale may be sufficient for significant hazard reduction (through 3654 
radioactive decay) of the inventory in a near surface disposal facility, but will be 3655 
relatively short compared to the timescale over which higher activity wastes remain 3656 
hazardous. The timeframe required for information preservation and the earliest 3657 
possible intrusion time cannot be determined on a scientific basis and are therefore 3658 
generally a subject for regulatory provision. A common approach is the assumption 3659 
that IHI can occur after information and knowledge of the site are lost [IAEA 2012, 3660 
PAMINA 2011]. The preservation of information on the other hand has to be 3661 
achieved for as long as possible. Since this is an undefined specification, some 3662 
countries take into account historical documents e.g. maintained by archives, registers 3663 
or national libraries. These documents demonstrate that information can be preserved 3664 
for more than several hundred years [OECD/NEA 2006]. 3665 

In conjunction with information preservation it is also crucial to decide, what 3666 
kind of information has to be preserved and in which form. There are lots of 3667 
recommendations from national and international studies that relate to these issues 3668 
(see Section 7.4). Therefore, this subject will not be further discussed here but it has 3669 
to be noted that appropriate arrangements have to be met in order to establish a 3670 
sustainable basis to preserve the necessary information. This includes, for example, 3671 
sophisticated technical solutions, methodologically sound concepts, secured funding, 3672 
and stable organisational structures [Beuth and Navarro 2010] (see Section 7.4) 3673 

Another aspect relates to the question of the appropriate organisational 3674 
environment for a database with relevant information to be accommodated. It might 3675 
be conceivable that in the future nuclear technology plays a minor role for whatever 3676 
reason. In this context, it will be worthwhile to consider the integration of the 3677 
radioactive waste subject in a more super-ordinate system such as a a global 3678 
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environmental database. Such a database could include all information of hazardous 3679 
disposal sites for radioactive and non-radioactive toxic waste e.g. chemical, biological 3680 
and mixed waste. It is likely that the public would have an ongoing interest in data 3681 
and information for such sites. The radioactive waste issue might have a better chance 3682 
of remaining in the awareness of future societies if there existed such an 3683 
environmental database of global concern. 3684 

In summary, efforts have to be undertaken to establish and maintain  3685 
knowledge management systems at several levels as long as possible to deter the 3686 
occurrence of IHI. 3687 

9.3.4 Siting 3688 

The category “Siting” refers mainly to measures which focus on sites for 3689 
disposal facilities that are less attractive for settlements and economic reasons. For 3690 
example: 3691 

• avoiding resources, e.g. minerals, groundwater, crude oil and historical places 3692 

• preference of particular regions e.g. low population density, underdeveloped 3693 

areas, lack of or difficulty obtaining potable water, and rough terrains  3694 

• reshaping the landscape, e.g. creation of an inhospitable area that is difficult or 3695 

costly to redevelop. 3696 

The initial motivation for future human actions at a disposal site could be the 3697 
exploration of exploitable resources. Therefore, it seems reasonable that one 3698 
consideration is to consider sites for radioactive waste disposal away from such 3699 
resources from a current perspective. As a consequence the potential for IHI is 3700 
reduced. However, there are some concerns as to whether the potential can be 3701 
significantly reduced over the timeframes considered in safety assessments. Reducing 3702 
the potential for IHI by avoiding sites with valuable resources includes the assumption 3703 
that future generations have the same requirements about needs and crude materials as 3704 
the present and past generations. This may not necessarily be the case given the long 3705 
timescale for the isolation period of HLW.  3706 

There are examples that materials which were considered as valueless in the 3707 
past are seen nowadays as precious or exploitable materials and vice versa. The 3708 
element wolfram and also pitchblende were considered in the 16th century as mine 3709 
spoils from the mining of silver and tin in the Erzgebirge. Other substances were used 3710 
as fuel in the past (e.g. turf) have become less important in present times. Therefore, 3711 
the assumption of reducing the potential for IHI by avoiding natural resources is a 3712 
reasonable consideration, but should not in itself be a deciding factor for siting of a 3713 
disposal facility. 3714 
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An actual example of a repository located near active resource extraction areas 3715 
is the Waste Isolation Pilot Plant in New Mexico, USA. There were no oil wells in the 3716 
area when the repository was sited and very few while it was constructed. A federal 3717 
law was passed forbidding resource extraction on the designated site. Nevertheless 3718 
WIPP’s regulatory authority, the US Environmental Protection Agency, required the 3719 
drilling of boreholes through the repository to be considered in system safety 3720 
assessments as soon as 100 years after repository closure, whilst also requiring a 3721 
passive marker and information retention system to be in place. The regulator 3722 
prescribed a 100-year rolling average to be used to calculate 10,000-year drilling rates 3723 
in the area, to be re-calculated for every 5-year compliance recertification. The only 3724 
mode of release for the system is through IHI scenarios, of which there are 3725 
approximately eight in every compliance calculation. With the increase in the 3726 
resource’s value and the enhancement of extraction efficiency over the last decades, 3727 
oil wells have now surrounded much of the legally defined site. Drill rates have fallen 3728 
again due to the reduction in the resource’s value, underscoring the wisdom of using 3729 
the 100-year running average, since there will be ups and downs in the market and 3730 
eventually the resource will no longer be commercially viable in this location. 3731 
Removal of the resource from beneath the site without disturbing the natural barriers 3732 
is an option that has been considered, but is not likely to be implemented in the 3733 
foreseeable future. 3734 

Another aspect refers to a geology that mainly consists of materials occurring 3735 
in large amounts even near the surface. For this reason, it can be expected that an 3736 
intrusion into the deep underground with the intention of material extraction is less 3737 
rational [Beuth and Navarro 2010, Buser 2013]. 3738 

There are some discussions that the waste and the waste containers themselves 3739 
could become a resource. From a present day perspective, the spent fuel and also 3740 
some used or envisaged container materials are already regarded as precious materials 3741 
(e.g. copper). However, it is generally expected that any such intrusion to retrieve 3742 
these materials would be deliberate, so these considerations are not a consideration for 3743 
IHI.  3744 

Finally, there are some thoughts of reshaping the landscape or topography of a 3745 
given disposal site in such a manner that might deter future societies from any plans 3746 
of site development or other actions. An illustrative example is the use of the site as a 3747 
dump. The restoration of the site would imply high costs and efforts. An exact 3748 
opposite example is the conversion of the site into a recreation area, so that future 3749 
generations may decide to preserve the area without any changes. A more practical 3750 
example in the case of a level site with no serious expectations of flooding and high 3751 
erosion is to construct surface mounds or berms using durable but readily available 3752 
materials (e.g., the proposed berm of rock outling the underground facility at the 3753 
surface of the Waste Isolation Pilot Plant repository in the US. 3754 
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9.3.5 Waste types and characteristics 3755 

This category of measures is aimed at reducing the radiological consequences 3756 
of IHI by controlling the level of radioactivity, inventory, and/or radio-toxicity of 3757 
radioactive waste source to be disposed at a facility. Radiological waste characteristic 3758 
measures may also be used to select appropriate disposal procedures (e.g.; disposal of 3759 
highly radioactive sources and long-lived radionuclides at the bottom of disposal cell 3760 
or trench) to minimise the impact of IHI. The aim is to ensure that while the waste is 3761 
at its most radiotoxic, the disposal facility is sufficiently robust; as robustness 3762 
decreases (for example, through the degradation of engineered barriers), so does the 3763 
radiotoxicity of the waste (through radioactive decay) [OECD/NEA 1995]. Examples 3764 
of such measures are:  3765 

• selection of compatible waste form and packages 3766 

• selection of radionuclide waste inventory. 3767 

The selected host rock, engineered barriers, and immobilisation matrix can 3768 
preserve some properties of confinement in case of intrusion. The waste form selected 3769 
might help to reduce the impact after the intrusion occurs. For that matter, the 3770 
integrity of waste materials will be maintained intact and chemical and leaching 3771 
properties will not cause disruption of barriers. Special packaging, encapsulation, 3772 
containment, and disposal procedures appropriately selected based on waste 3773 
characteristics can also serve to reduce the potential for and/or consequences of IHI.  3774 

Realising that radioactive waste disposal usually requires long-term reliable 3775 
processes to contain the waste, IHI is considered when institutional controls and 3776 
knowledge of facility hazard are somehow lost. Therefore, in the case of near-surface 3777 
disposal or any other disposal options that are suited for short-lived radionuclides, the 3778 
waste acceptance criteria and the selection of the waste stream allow the repository to 3779 
be adjusted and optimised in order to reduce the impact of an intrusion. Assuming that 3780 
human intrusion was ruled out during the institutional control period, the short-lived 3781 
radionuclides have sufficient time to decay before intrusion occurs and most of the 3782 
impact will be caused by the remaining long-lived radionuclides. Therefore, the 3783 
content of long-lived radionuclides has to be limited by both appropriate selection of 3784 
the waste inventory and waste acceptance criteria. 3785 

Waste acceptance criteria may, by themselves, constitute a measure geared at 3786 
reducing the potential impact of human intrusion. They may include requirements on 3787 
the radiological content of the waste, but also on its physical form (solidified waste 3788 
vs. dispersible materials) as a result of which the transfer of activity (into the air, into 3789 
plants etc.) can be reduced. 3790 

Waste acceptance criteria and institutional controls have a close relationship. 3791 
So it is stated that assumptions concerning the duration of institutional control play a 3792 
major role in defining waste acceptance criteria, particularly for near surface disposal 3793 
facilities [IAEA 2012]. 3794 
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Nevertheless, the existence of waste acceptance criteria is, especially for 3795 
facilities at or near the surface, only one aspect to be considered in reducing the 3796 
potential impact of IHI. For such facilities, it is important to cautiously select/ 3797 
establish the final inventory in the facility. Waste packages consuming a large fraction 3798 
of the facility’s total activity limit for one or several radionuclides are avoided, if 3799 
other options are available, or special containers are developed hence reducing the 3800 
potential impact of a localised intrusion. 3801 

Optimisation of a disposal facility related to IHI could also be performed from 3802 
the early stage of facility development. In this regard, a variety of measures could be 3803 
considered with regards to the waste characteristics and waste conditioning producers 3804 
to decrease the radiotoxicity of the waste produced in an operating facility via, fuel 3805 
fabrication procedures, packaging, and containment. An integrated approach to the 3806 
overall fuel cycle, including options such as partitioning and transmutation (P&T) and 3807 
pyro-processing, to reduce long-lived radionuclide and total inventory for disposal, is 3808 
also a measure to reduce the radiotoxicity of the waste. However, it has to be noted 3809 
that techniques related to waste treatment and manipulation could cause exposures to 3810 
workers and therefore their introduction should comply with the radiological 3811 
principles of justification. 3812 

9.4 SUMMARY 3813 

The evaluation of the effectiveness of a single protective measure is difficult 3814 
and can be somewhat speculative. However, the implementation of a set of 3815 
complementary protective measures can contribute to confidence building. Since a set 3816 
of protective measures increases the chance that future generations might recognise 3817 
the rationale behind detected and encountered provisions or at least warn them against 3818 
further actions. Again, any predictions regarding the actions of future generations with 3819 
respect to protective measures are arbitrary. 3820 

As a consequence, the establishment of a multi-measure system that considers 3821 
different kinds of protective measures from all the discussed categories above seems 3822 
to be an appropriate strategy in the context of IHI. 3823 

The radioactivity of the emplaced waste decreases markedly with time due to 3824 
the radioactive decay. However, the half-lives of the radionuclides in the radioactive 3825 
waste vary widely. Although many radionuclides decay substantially early in the 3826 
evolution of a disposal facility, others will persist for much longer. In either case, a 3827 
delay of IHI can contribute to the reduction of radiological consequences. Figure 9.6 3828 
shows an example of the decrease of the radioactivity over time after emplacement, 3829 
using different loads of a waste cask. It is obvious that especially over the first 1,000 3830 
years the decrease of the radioactivity is considerable, with the activity decreasing 3831 
disproportionally in the initial phase. The longer the delaying protective measures are 3832 
effective, the less is the activity of the radionuclides remaining in the repository,  and 3833 
hence the lower the radiological consequences should inadvertent human intrusion 3834 
occur. 3835 
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Figure 9.6 Double-logarithmic chart of the decrease of the specific activity of 3836 
different loads of a POLLUX cask, with an inset for the POLLUX-10 3837 
(PWR-UO2) cask with linear scale of the axes [GRS 2014] 3838 

There are some protective measures that are considered generally as effective. 3839 
Those protective measures are the construction of disposal facilities in deep 3840 
geological formations; preservation of information and knowledge of the facility and 3841 
its hazard; and providing for active and passive institutional control. 3842 

Institutional controls represent an essential line of protection for most near 3843 
surface disposal facilities. Performing institutional controls should be supported by 3844 
establishing strong conditions. Each responsible organisation should take the 3845 
appropriate steps to ensure that financial provision is made which will enable the 3846 
appropriate institutional controls and monitoring arrangements to be continued for the 3847 
period deemed necessary following the closure of a disposal facility. The organisation 3848 
which will be responsible for performing or maintaining institutional controls needs to 3849 
have the power, competence and capability to follow the given mandate. 3850 

Finally it has to be re-stated that IHI is a key concern for near-surface 3851 
facilities. Compared to deep geological disposal, near-surface facilities are more 3852 
vulnerable for IHI. However, near-surface facilities are predominantly designed for 3853 
the disposal of radioactive waste with less radioactivity such as very low level waste 3854 
and low level waste. Deep geological disposal, on the other hand, is conceived on the 3855 
principle of containing and isolating the waste, where isolation means keeping the 3856 
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major part of the waste and its associated hazard away from the biosphere, making 3857 
IHI to the waste difficult.  3858 

Nevertheless, the possibility of IHI can never be completely eliminated for 3859 
either type of facility, due to the uncertain evolution of human societies, but protective 3860 
measures can be taken to reduce both its potential and consequences. These protective 3861 
measures are determined as part of the wider process of optimisation, optimisation 3862 
being an integrative process covering all aspects of the development of a disposal 3863 
facility (site characterisation, design, RD&D and safety assessment).  3864 

Some protective measures might be straightforward to apply since they have 3865 
little impact on other aspects of the facility. Some, on the other hand, are less 3866 
straightforward because they impact directly on other factors that are considered in 3867 
the optimisation process (including the overall safety, feasibility and effectiveness). 3868 
The boundary conditions for the optimisation process also need to be taken into 3869 
account, these include, for example, socio-economic factors, including policy 3870 
decisions and societal acceptance issues (see section 7). 3871 

Due weight should be given to each of these interrelated factors so that 3872 
optimisation can proceed and a successful final outcome be obtained that addresses 3873 
the input from all interested parties. 3874 

 3875 

   3876 
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 CONCLUSIONS 10.3877 

Disposal of radioactive waste aims to protect people and the environment from 3878 
the potential hazards of the materials by removing the wastes from the human 3879 
environment.  This approach is considered desirable in comparison to the dispersal of 3880 
the waste in the environment. However, the waste becomes concentrated in one 3881 
location, which poses potential hazards should the waste become disturbed at a future 3882 
date. For radioactive waste, it is generally expected that in preparing safety cases for 3883 
such disposal facilities, the possibility of the wastes being inadvertently disturbed at 3884 
some point in the future and the potential consequences of such an intrusion need to 3885 
be considered. 3886 

The IAEA, ICRP and OECD agree that only inadvertent human actions that 3887 
may impact a disposal facility need to be considered.  This is because today’s society 3888 
cannot be expected to protect future societies from their own intentional and planned 3889 
activities if they are aware of the consequences.  This is valid irrespective of the intent 3890 
of the planned actions, i.e. regardless of whether they are carried out for benevolent or 3891 
malicious reasons. International recommendations and national regulations generally 3892 
state that in the safety case human intrusion scenarios should be considered separately 3893 
to the normal evolution scenarios.  In particular, and especially for geological disposal 3894 
facilities, it may not be required to demonstrate compliance with any dose constraints 3895 
for the human intrusion scenarios.  Rather, the potential consequences arising from 3896 
human intrusion are considered in the context of identifying opportunities to reduce 3897 
the potential for and/or consequences of human intrusion and, where appropriate, for 3898 
opportunities to enhance the robustness of the disposal facility. 3899 

The HIDRA project has developed a general approach for the consideration of 3900 
inadvertent human intrusion in the safety cases for radioactive waste disposal 3901 
facilities, addressing both geological disposal facilities and near-surface disposal 3902 
facilities.  The project specifically addressed differences in the approaches for 3903 
addressing intrusion for the two general classes of disposal. The approach developed 3904 
to consider inadvertent intrusion is intended for application in an iterative manner that 3905 
supports decision-making throughout the lifecycle of a disposal facility. The general 3906 
focus of the approach is to identify and consider the effectiveness of different 3907 
measures that may be adopted to reduce the potential for and/or consequences of 3908 
human intrusion to improve the robustness of the disposal facility. 3909 

Geological disposal, at depths of several hundred metres, is typically selected 3910 
as the preferred route for those wastes that require long-term isolation from the human 3911 
environment, typically higher activity and long-lived wastes (including spent nuclear 3912 
fuel, high-level waste and long-lived intermediate-level wastes).  Disposing of such 3913 
wastes at depth is the most effective means of ensuring that these materials are not 3914 
inadvertently disturbed at some future point.  The choice of a geological disposal 3915 
facility substantially reduces the potential for and/or consequences of intrusion into 3916 
the facility.  3917 

Near-surface disposal, at depths of maybe a few tens of metres, is typically 3918 
selected for low-level wastes.  Some low-level wastes can pose significant hazards 3919 
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should intrusion occur in the first hundreds of years. Generally, waste acceptance 3920 
criteria are applied to determine whether wastes are suitable for near-surface disposal.  3921 
For these wastes, the aim is to remove the materials from the human environment for 3922 
a sufficient length of time until the natural process of radioactive decay has reduced 3923 
the level of radioactivity in the wastes to acceptable levels.  Thus the strategy for 3924 
mitigating the potential hazard of human intrusion into a near-surface facility is to 3925 
implement measures to preclude scenarios or delay the time at which an intrusion 3926 
event could occur for sufficient time to ensure that the consequences of any intrusion 3927 
would be acceptable.  This is achieved by the application of appropriate waste 3928 
acceptance criteria and operational controls and by maintaining institutional controls 3929 
at the near-surface disposal facility after closure. 3930 

The HIDRA project included direct ties to the lifecycle considerations for a 3931 
safety case as discussed in the IAEA PRISM project. The potential for human 3932 
intrusion is one of the considerations that need to be addressed as part of decision-3933 
making and development of the safety case throughout the lifecycle of a disposal 3934 
facility.  This starts with the choice of facility concept, dependent on the waste type 3935 
and the length of time for which the waste needs to be isolated and contained.  Human 3936 
intrusion considerations play a role in the siting of a disposal facility, with locations 3937 
where the waste is less likely to be disturbed being favoured where possible.  For 3938 
geological disposal this will typically mean siting the facility away from potential 3939 
mineral resources that could lead to drilling or mining into the facility.  For near-3940 
surface disposal, remote locations away from populated areas will be favoured to 3941 
reduce the potential for inadvertent intrusion.  Human intrusion considerations may 3942 
also influence the design and operation of a disposal facility, for example the layout, 3943 
choice of engineered barriers and emplacement strategies for certain waste-streams. 3944 

After the depth of disposal, the most effective means for reducing the potential 3945 
for inadvertent human intrusion is to maintain control and knowledge of the facility 3946 
and the potential hazard it contains.  Active controls of the disposal facility are 3947 
assumed to preclude inadvertent intrusion.  Active controls (sometimes referred to as 3948 
institutional control or oversight) mean the facility is managed securely such that any 3949 
access to the site is controlled.  Active controls will be in place during construction, 3950 
operation, sealing and closure of all disposal facilities.  Following closure of the 3951 
facility, especially for near-surface disposal, there is also likely to be a period of 3952 
further active control when access to the site is controlled.  (This may also be 3953 
associated with a period of monitoring of the facility.)  For near-surface disposal 3954 
facilities, the period of post-closure active control may be defined in the disposal 3955 
facility licence or permit and may be linked to the waste acceptance criteria.  For 3956 
geological disposal facilities, regulations generally require demonstration of passive 3957 
safety, i.e. the facility must be demonstrated to be safe without the reliance on any 3958 
ongoing human management or intervention.  However, there can also be a period of 3959 
post-closure institutional control for which credit may be taken in the safety case. 3960 

After active controls have been withdrawn there may be a further period where 3961 
passive controls are still effective.  Passive controls typically include land use 3962 
restrictions and institutional memory and knowledge of the facility and its potential 3963 
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hazard.  Such passive controls can further delay the timing until inadvertent human 3964 
intrusion becomes credible.  Knowledge of the disposal facility is generally expected 3965 
to be maintained through local, national and international records.  The HIDRA 3966 
project considered a number of approaches for extending the time frame where 3967 
knowledge of the facility is maintained. Assumptions regarding the effective duration 3968 
of passive controls is one area where approaches vary in different countries. Suitably 3969 
designed markers at the site may also act to warn future generations of the potential 3970 
hazard.  However there is also a school of thought that believes such markers could 3971 
have the reverse effect of arousing curiosity about the site. 3972 

Safety arguments regarding the discussion of human intrusion events in a 3973 
safety case are likely to focus on the length of time for which any inadvertent human 3974 
intrusion event can be regarded as being extremely unlikely.  Credit can then be taken 3975 
for the radioactive decay of the wastes, reducing their potential hazard, during the 3976 
period of isolation.  Passive controls may also be more effective in precluding certain 3977 
scenarios that would require permitting or other regulatory approvals (e.g., road 3978 
construction or major public works, mine development). The ways in which societal 3979 
control of a disposal facility and the design safety features of the facility operate 3980 
through the period of active control, passive control and eventual loss of memory of 3981 
the hazardous nature of the site are summarised in Table 10.1. 3982 

 3983 

TABLE 10.1. Summary of time frames and different considerations related to 3984 
inadvertent intrusion. 3985 
 Time Frames 

 Active Control Passive Control Loss of Memory 

Societal Control Physical security at 
site 

Knowledge 
management, records, 
land use restrictions, 
site markers 

No knowledge of 
hazardous nature of 
site 

Design safety 

features 

Depth of disposal, 
barriers 

Depth of disposal, 
barriers 

Depth of disposal, 
barriers may be 
degrading 

Implications for 

potential for IHI 

No IHI IHI unlikely – safety 
case can justify 
exclusion of major IHI 
scenarios 

IHI is a possibility, but 
may still be mitigated 
by enduring design 
safety features 

Hazard of facility Disposal inventory Decaying inventory Decay may be 
significant for near-
surface, low-level 
waste facilities 

 3986 
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After presenting safety arguments for the low potential for inadvertent human 3987 
intrusion into a disposal facility, the safety case will nevertheless generally be 3988 
required to give consideration to the possible consequences should human intrusion 3989 
occur. 3990 

It is generally internationally accepted (e.g. IAEA SSG-23 para 6.61) that 3991 
human intrusion should be addressed by considering stylised scenarios.  These 3992 
stylised scenarios should be based on current practices and present day technologies 3993 
and procedures to avoid the need to speculate about possible future human behaviour 3994 
and technology.  Such stylised human intrusion scenarios are therefore not intended to 3995 
convey any statement about the evolution of the site or future societal activities, they 3996 
are merely designed to provide illustrations of potential impacts of human intrusion. 3997 

The HIDRA project has identified the following human intrusion scenarios for 3998 
consideration: 3999 

• For geological disposal facilities: deep drilling, sub-surface mining, 4000 

unconventional (solution rock) mining; 4001 

• For near-surface disposal facilities: drilling, excavation (residence), excavation 4002 

(road). 4003 

For near-surface disposal facilities, quantitative assessments of the 4004 
consequences of human intrusion scenarios may also be used to establish waste 4005 
acceptance criteria (i.e. to determine whether a given waste-stream requires deeper 4006 
disposal), design criteria, operational practices and the necessary time frames for 4007 
institutional controls. 4008 

The use of stylised scenarios also provides a basis for the identification of 4009 
potential measures that could be considered to mitigate the potential for and /or 4010 
consequences associated with the human intrusion scenarios. 4011 

The HIDRA project has identified a framework for considering the benefits of 4012 
potential protective measures to mitigate against the potential impacts of inadvertent 4013 
human intrusion.  The following criteria have been identified for the consideration of 4014 
any measures: 4015 

• Measures must not obviously compromise the safety of the disposal facility 4016 

(i.e. they must not compromise the primary safety targets for the disposal 4017 

facility). 4018 

• Measures must not lead to other undue hazards to people and the environment. 4019 

• Measures have to follow the principle of proportionality regarding benefits, 4020 

efforts and costs, which will be considered as part of the overall optimisation 4021 
of the disposal facility. 4022 

In particular, when considering a potential protective measure against human 4023 
intrusion it should be considered whether it would cause any negative impacts on the 4024 
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normal evolution scenario.  For example, the introduction of metal barriers above the 4025 
wastes in a near-surface disposal facility may reduce the potential for inadvertent 4026 
human intrusion by diverting any excavation tools, however potential disruptions to 4027 
safety functions resulting from expansion or gas generation from the corrosion of the 4028 
metal may need to be considered.  In all cases, the primary focus of the safety case is 4029 
on the normal evolution scenarios and optimisation with regard to human intrusion 4030 
impacts is considered secondary to optimising the safety of the normal evolution of 4031 
the facility. 4032 

In summary, the most effective measures against inadvertent human intrusion 4033 
involve establishing the disposal facility in deep geological formations, establishing 4034 
suitable siting criteria, providing for long-term knowledge preservation regarding the 4035 
hazard at the site and implementing design measures that reduce the potential for 4036 
human intrusion without negatively impacting the normal evolution of the disposal 4037 
facility.  4038 

 4039 
 4040 
  4041 
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ANNEX A. Database on possible protective measures 

Worksheet a) Description of Database of Entries 

1.1 Reduction of the possibility of intrusion Institutional control

1.2 Reduction of the radiological consequences Waste separation, compartmentalisation, encapsulation

2.1 External measures reference on measures outside the disposal system or be applied Restriction of use, development freeze

2.2 Internal measures reference on measures inside the disposal system or be activated Inserting of resistances against tunnelling/mining techniques

3.1 Passive measures reference on measures which need no further actions and maintenance if they are once Labelling and marking

3.2 Active measures reference on measures which need sometimes or continued updates and maintenance Preservation of information and knowledge

4.1 Regulative measures mandatory measures provided by authorities Surveillance (site inspection, satellite-based)

4.2 Constructive measures measures which require a design layout Inserting of a reinforced concrete slab near surface

4.3 Planning measures measures which require a planning realisation regarding implementation and place of installation Usage of difficultly soluble fixtures

4.4 Conceptual measures measures which have to be considered in the disposal concept Placement of the repository (repository depth)

5.1 Delaying Inserting of rubber mats in the emplacement drifts

5.2 Deterring, preventing, restricting Designation as prohibited zone

5.3 Indicating, informing, warning Optical indicators (fluorescent colours, phosphorescent materials)

5.4 Aggravating, hindering, defending Increase of the cask wall thickness

5.5 Controlling, guarding Safeguards

6.1 Depending on the spec. human action measures which are connected to a specific human action
Construction of a borehole top seal, borehole plug made of 

robust material 

6.2 Independent of the spec. human action measures which are not connected to a specific human action Archiving and documentation (local, regional, national, global)

7.1 Borehole drilling Repository dimensions (reduction of spatial expansion)

7.2 Creation of a cavern Usage of difficultly soluble fixtures

7.3 Construction of a mine Inserting of resistances against tunnelling/mining techniques

7.4 Excavation/ Blasting/ Others Inserting of a reinforced concrete slab near surface

7.5 General no reference to a specific basic action Adoption of the issue in the education programme

8.1 High Institutional control

8.2 Medium Labelling and marking

8.3 Low Alteration of the landscape (difficult to develop)

9.1 Great Usage of difficultly soluble fixtures

9.2 Medium Construction of a drift backfilled with robust material/rock

9.3
Little

Colour indicators that react upon contact with a liquid and cause 

e.g. colouring of the fluid, uranine

10.1
Long-term

evaluation of the temporal availability of respective measures (for deep geological disposal e.g. 

from few thousand years to the demonstration period and longer)
Placement of the repository (repository depth)

10.2
Medium-term

evaluation of the temporal availability of respective measures (depending of the disposal facility 

e.g. from loss of the memory to several hunderd years up to a few thounsand years)
Inserting of rubber mats in the emplacement drifts

10.3
Short-term

evaluation of the temporal availability of respective measures (from closure to the loss of memory 

e.g. few hundred years)
Monitoring of the environment

11.1 Existing
assessment of the measure regarding optimisation conflicts (e.g. the meausre might 

compromise the safety of the disposal system)

11.2 Explanation explanation of the reasons in case of an optimisation conflict

Example

reference to a specific basic action

Explanation

Dependence

Basic action

Type

Characteristic measures which can have a respective effect

Measures with focus on a specific objective

Entry (No.) Reference

Objective

Position

Action

If an optimisation conflict exists depends primarily on the criteria 

regarding conflicts, respective national regulations, site 

conditions and disposal concepts.

evaluation of the effectiveness of respective measures

evaluation of the expected effort in conjunction with respective measures

Assessment: 

availability

Optimisation 

conflict

Assessment: 

benefit/ cost

Assessment: 

effort
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Worksheet b-1) Database of Collected Measures (Category C, D and E)  
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Worksheet b-2) Database of Collected Measures (Category A and B) 
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