
   

THE CONSTRUCTION AND OPERATION OF 
GEOLOGICAL DISPOSAL FACILITIES FOR 
HIGH-LEVEL RADIOACTIVE WASTE AND SPENT FUEL 
CHALLENGES AND OPPORTUNITIES

A key challenge over the next decade for some national programmes and an important learning 
opportunity for many others will be the construction and operation of the first deep geological 

repositories for High Level Waste (HLW) and Spent Fuel (SF). As the orientation of work on disposal 
shifts from mainly research, development and demonstration to industrial implementation, waste 
management agencies, regulators, governments and stakeholder organizations will have important 
roles to play.

Geological disposal is developed in stages

Going from RD&D to a nuclear licensed industrial facility

Managing a complex licensing regime

Geological disposal refers to the emplacement of solid radio-
active waste in a facility constructed at several hundred me-
ters’ depth in a geological formation that is carefully selected 
for its characteristics favouring long term passive safety. A 
geological repository is developed in stages, each stage typi-
cally requiring a decision also involving a regulatory authori-
zation. After identifying a site, the next important stage con-
cerns the attainment of a general license to proceed towards 
construction and operation of the repository. A few waste 

management agencies – notably in Finland, France and Swe-
den – are in the process of applying for a general license, a 
location for the repository having been selected already. The 
task of granting the general license is typically attributed to 
the government department in charge of nuclear safety upon 
the favourable advice by the technical safety authority and 
once it is satisfied that all the legal procedures have been fol-
lowed at the local and regional levels. The license application 
will also draw important scrutiny from society at large.

There is relevant experience in licensing and constructing dis-
posal facilities for low- and intermediate-level waste to draw 
on in some countries.  However, implementation of geologi-
cal repositories for high-level waste and/or spent fuel entails 
important additional considerations for several reasons: the 
waste is highly radioactive and heat emitting; the repository 
will be at depth of several hundred meters and will have a 
footprint of a few square kilometers; excavation, construc-
tion, operation and closure of the repository need to be car-

ried out in such a way that passive safety features will stay in 
place for millennia to come. At the same time the workers will 
need to be protected also from conventional risks, such as fire 
and flooding hazard. The realization of the project will involve 
large teams of highly skilled specialists, in the hundreds, and 
additional interface with regulators and society. Concurrent 
with these, is the continued integration of an R&D plan so 
that new techniques and procedure may be applied if devel-
oped at a later stage. 

Multiple authorities may be involved in such an important proj-
ect in order to provide various types of regulatory oversight 
including spatial planning, mining safety, environmental pro-
tection, radiological safety, etc. This may also imply multi-level 

concurrent regulatory processes. Identification of a lead regula-
tory authority to take charge of overall coordination is useful 
and it is usually done by decree or legislation. Legislation may 
also set the milestones for implementing the process.

For additional information please consult our web site: http://www.oecd-nea.org/rwm/rwmc.html
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Each major licensing decision will require the review of a safety 
case provided by the implementer.  The safety case consists of a 
set of technical documents that has to address all phases of the 
facility lifetime, including the post-closure phase. For a license 
to be granted, a credible solution should exist in principle for all 
stages of the repository project, even if the initial repository plan 
and lay-out are modified during the project lifetime. 

The lead regulatory organization will prepare itself for the licens-
ing process, e.g., by allocating increased financial and human 
resources, by interacting early on with the government and the 
implementer and by funding specific research. One objective is to 
manage the review process in a way that is technically complete 
and will allow the definition of appropriate technical conditions 

that the implementer will need to fulfill and that will be submitted 
to inspection. The licensing process will take into account items 
such as operational safety, provisions for short-term retrievability, 
and long-term post-closure safety. Different options concerning, 
e. g., the lay-out of the disposal facility, number of ventilation 
shafts, vertical or horizontal emplacement of canisters, etc. will 
be compared and evaluated with a view to check the feasibility 
of the various options and assure that potential impacts and risks 
to workers, people and the environment are as low as reason-
ably practicable. Eventually, the licensing stipulations should also 
allow for sufficient flexibility in operation so that new technical 
provisions may be adopted later, if the concurrent R&D plan de-
velops new and more appropriate techniques or procedures.  All 
this is seen as a part of a process of “optimization”. 

licensing of the first geological repositories for high-level radioactive waste and/or spent fuel is only a few years away.  
preparing for the initial general license requires shifting the operation mode of the waste agencies from being research oriented 
to being industrially oriented. demonstration of operational reliability and short- and long-term safety will couple with the 
need to manage larger teams and larger budgets under a strict quality assurance programme. preparing for reviewing the 
license application will require that regulators build additional staff and competencies. both regulators and implementers will 
face important public scrutiny. , there is a mutual interest internationally in sharing lessons and understanding commonalities 
and differences.  at term, this will increase the general level of expertise and maturity in the field of radioactive waste 
management.

Preparing for an operational period of 100 years and more 

Constructing now, with millennia of performance in mind

Opportunities at the regional and international level 

To prepare for future operation of the repository, the imple-
menter will be asked to show that the operational procedures 
are sufficiently tested and reliable, and that the materials prop-
erties chosen for the waste packages are reproducible with a 
high level of reliability. Additional challenges in obtaining a 
license for repository operation include managing concurrent 
construction of new galleries as existing galleries continue 

operation or are filled and closed;  establishing sufficient con-
fidence that the methods for closing the individual disposal 
units comply with the safety objectives; addressing the issue 
of ageing of materials during an operational period of roughly 
100 years; and implementing a safety culture that will include 
records preservation and knowledge management, amongst 
other requirements.    

There is considerable experience in civil and mining engineering 
that can be applied for constructing a deep geological repository.  
A specific challenge is to protect the integrity of the favorable 
safety features of the rock formation. Disturbances to the host 
rock will be minimized through specific excavation techniques, so 
that the sealing of the galleries and shafts will be most effective. 

Special grouts will be used for lining underground excavations. 
Clearly-defined technical specifications and an effective quality 
management plan are important licensing requirements. A moni-
toring plan supported by proper documentation of construction 
and operational progress is another tool that will be provisionally 
defined at the time of the general license. 

Siting, construction and operation of a repository can be a 
favorable outcome for all involved stakeholders or a win-win 
project for the region where the repository is located and for 
the nation at large. Provisions not to impair local well being 
and opportunities will be created to improve quality of life du-
rably. The economic activity in the whole region will develop 
from incoming staff and construction workers, a large number 
of visitors and increased tax revenues. The new a highly skilled 

resident workforce will contribute to maintain or increase the 
educational level of the community and will stimulate the local 
service economy. Involvement of the stakeholders at the lo-
cal level will increase understanding of the local interests and 
will create new cooperation structures. The experience from the 
first implementations of geological repositories for high-level 
radioactive waste will help other national programmes move 
forward in a more efficient manner. 
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The licensing process takes many factors into account 


