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Introduction 

In June 2021, the Government of Finland granted, following the Nuclear Energy Act [1], Finland’s first 
nuclear decommissioning licence to VTT Technical Research Centre of Finland Ltd for decommission-
ing the FiR 1 TRIGA Mark II research reactor, which was operated in Espoo in 1962–2015 (see Figure 
1). In addition, VTT applied and was granted in 2019 a decommissioning licence for the old radioactive 
materials research laboratory called OK3, from the Finnish Nuclear and Radiation Safety Authority 
STUK, following the Radiation Act [2].  

 

Figure 1. Reactor operator just about to shut down FiR 1 for the last time on 30 June 2015. At the end of the same year, the 
core was made permanently subcritical by removing a sufficient number of fuel elements. 

In the paper, we will review VTT’s experiences and lessons learned concerning (i) the licensing pro-
cesses; (ii) collection of historical data on the facilities; (iii) computational and experimental activity char-
acterization, which provides an essential basis for waste management planning and cost estimation; (iv) 
waste management, including the fulfilment of specific waste acceptance criteria and final disposal con-
siderations and (v) reflections of VTT’s and authorities’ experiences to Finnish nuclear legislation and 
regulations. Finally, we take a broader view to the Finnish way forward with the national radioactive 
waste management framework. 

Overview of the Finnish regulatory framework for use of nuclear energy and radiation 

In Finland, two Government ministries (Ministry of Economic Affairs and the Employment, MEAE, and 
Ministry of Social Affairs and Health, MSAH) carry a shared responsibility on nuclear and radiation re-
lated matters (see Figure 2). The roles are defined in the Radiation Act, while nuclear energy matters 
are specifically regulated by the Nuclear Energy Act. STUK (Radiation and Nuclear Regulatory Author-
ity) operates under the performance guidance of MSAH and is responsible for the technical supervision 
of both nuclear and other radiation activities. MEAE is the supreme authority for nuclear energy matters 
and has a direct supervisory role concerning societal and political aspects of the use of nuclear energy. 
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Figure 2. Illustration of the Finnish regulatory framework for use of nuclear energy and radiation. 

In the following, we summarize the main steps towards fulfilling the prerequisites for the two licences 
(nuclear licence for FiR 1 and radiation safety licence for OK3). The main prerequisite is that the safety 
of operations as well as the personnel and financial capacity of the applicant shall be proven to be 
sufficient. In particular, the methods available to the applicant for the decommissioning of the nuclear 
facility as well as other nuclear waste management shall be adequate and appropriate (quoting the 
Nuclear Energy Act). The Radiation Act sets very similar requirements for the applicant as the Nuclear 
Energy Act. E.g., the waste inventory of the laboratory was estimated during the licensing process. 
 
Licensing of FiR 1 for decommissioning 

Before applying the decommissioning licence for FiR 1 in 2017, VTT carried out an Environmental Im-
pact Assessment (EIA), as well as detailed dismantling planning. In the first phase, a relatively broad 
range of underlying questions had to be answered, related to specific issues of decommissioning a 
TRIGA type reactor. For instance, Finnish NPP’s do not contain irradiated graphite, aluminium and some 
research materials that FiR 1 will yield into the Finnish nuclear waste management system. Therefore, 
VTT conducted a literature survey to collect information on the chemical behaviour of irradiated alumin-
ium and graphite under expected final repository conditions, international practices concerning the man-
agement and final disposal of irradiated aluminium and graphite, and experimental techniques for de-
termining the chemical form (organic or inorganic) of the 14C released from graphite waste. This study 
is represented by one of the grey boxes in Figure 3. In general, this and the many other studies shown 
in the lowest layer of the figure were completed in the EIA phase or soon thereafter, providing the fun-
damental basis for the second grey layer. This represents more technical design documentation re-
quired for composing the preliminary decommissioning plan and for updating all other facility documen-
tation for the decommissioning phase (“Supporting documents to STUK”, as required in the Nuclear 
Energy Decree [3] and marked in blue). STUK reviewed the technical and administrative documentation 
and gave their safety assessment on decommissioning in April 2019 (and updated it in April 2021). In 
parallel, MEAE was reviewing the actual application and its appendices (orange; a public set of docu-
mentation available at the web pages of MEAE [4]), making sure that VTT’s plans and contractual ar-
rangements are mature enough for the decommissioning and nuclear waste management to take place 
in a reliable manner until the very end.  

The review time of VTT’s application for FiR 1 decommissioning was relatively long, about four years. 
The main reason is that VTT’s nuclear waste management solutions are based on commercial contracts, 
which were not yet in place upon the submission of the licence application. An essential complement of 
the original application was VTT’s letter to MEAE in spring 2020. In the letter, VTT reported that a com-
prehensive contract on decommissioning services had been signed in March 2020 between VTT and 
Fortum Power and Heat Oy (Fortum), covering dismantling of FiR 1 and all necessary nuclear waste 
management services. We describe the contract in more detail in Section “Contracting”. The contract 
eliminates the long-standing uncertainties, which were mitigated by VTT by pursuing alternative waste 
management solutions in parallel (e.g., preparing for interim storage for SNF at a Finnish NPP in case 
USA would not have been able to receive it in the near future). A consolidated schedule, taking also into 
account the removal of the spent fuel at the end of 2020, is presented in Figure 4. 
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Figure 3. The structure of VTT’s licence application, following the Nuclear Energy Decree. The actual public application 
and its appendices (titles shortened) are illustrated in orange. The more detailed technical documentation was reviewed by 
STUK and is illustrated in blue. In the Environmental Impact Assessment phase and during the following preliminary plan-
ning phase, preceding the application, VTT and contractors carried out several studies illustrated in grey.  

Licensing of OK3 for decommissioning 

Licensing of the OK3 radioactive materials research laboratory for decommissioning was done under 
newly renewed Radiation Act [2], which implemented the EU BSS council directive. The paperwork was 
more straightforward, compared to nuclear licensing. Nevertheless, it took roughly 10 months to get the 
new license allowing the decommissioning of the facility, which started officially in December 2019. 
Materials research is continuing in new premises (VTT Centre for Nuclear Safety). 

Main documents required to be available in order to receive the licence were: 

− Management system for the radiation related activities including training requirements for differ-
ent positions in the decommissioning project. 

− Quality assurance program to ensure safe working conditions and preventing the dispersion of 
contamination. 

− Plan for deviations and radiation emergencies. 
− Description of security arrangements of the radiation sources. 

Also, a Safety Assessment of the work was made within time limit given by the enforcement of the new 
Radiation Act. The Safety Assessment covered the personnel and public dose estimates for plausible 
radiation accidents. It was estimated that the most probable accident would be fire due to old electrical 
installations. In accordance with the safety assessment the occupational radiation dose from the de-
commissioning activities of the radioactive laboratory will be below 6 mSv per year. The Safety Assess-
ment shall be updated every three years. E.g., waste inventory of the laboratory was estimated during 
the licensing process.  

Generally the assessments done are considered reasonable. The main benefit of the licensing process 
is its back-up for a good safety culture, openness and increased safety awareness. First emergency drill 
was held and several safety observations in radiation work have been reported.  
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Figure 4. Schedule for FiR 1 decommissioning after shipping of the spent fuel and terminating interim storage preparations 
for the fuel as obsolete. Green bars represent tasks that are mostly covered by the service contract for decommissioning.  

Contracting 

Essential for the FiR 1 decommissioning project, and for fulfilling the prerequisites for the decommis-
sioning licence, is the comprehensive contract on decommissioning services, signed in March 2020 
between VTT and Fortum. The contract covers the dismantling of FiR 1 and all necessary nuclear waste 
management services as well as the radioactive waste management for OK3 decommissioning. An 
industrial partner taking responsibility of the waste management is absolutely necessary for a research 
organization like VTT, who does not have own nuclear waste management facilities. Presently, there is 
also no national option for such mid-scale nuclear and radioactive waste stream (tens or hundreds of m3) 
in Finland, only for small radioactive waste streams from industry, medicine and research. 

Because of the complex scope, the service contract was concluded using a negotiated procedure, ac-
cording to the Act on Public Procurement and Concession Contracts, as VTT is considered as a public 
procurement unit. In the first phase of the negotiated procedure, tenderers give preliminary (completely 
non-binding) tenders, on the basis of which the procurement unit (buyer) and the tenderers undergo 
negotiations in order to specify the scope, schedule, contract terms, pricing models etc. accurately 
enough so that the buyer can publish a high-quality final call for tenders. In our case, the procedure was 
particularly useful for specifying an accurate division of responsibilities, use of VTT’s staff and the facil-
ity’s existing equipment, limiting the scope concerning the clearance of the site as well as defining nu-
clear liability issues and the transfer of waste management obligation between licensees.  

The whole negotiated procedure took about 11 months and included five rounds of negotiations, indi-
vidually between VTT and each of the tenderers. Prior to this formal procedure, VTT has undergone 
more informal discussions on industrial support for decommissioning waste management already during 
the operation of FiR 1, but the formal procedure and a competitive setting proved to be invaluable in 
reaching agreement in all matters, even the most challenging ones, within a finite timeframe. 

In general, 2020 was a year of important contracts, since also the spent nuclear fuel (SNF) transport 
and transfer contracts were concluded in fall 2020. Some of the projects’ contracts have been concluded 
using direct procurement, because of limited availability of service providers in the market (e.g. for tech-
nical or ownership related reasons) or for security reasons. We have also used a normal public (open 
or restricted) procedures in selecting the EIA and dismantling planning consultants in 2013 and 2016. 

Today all planning work and most of the communication takes place in the digital world. Therefore, 
thousands of paper documents have been scanned to digital format, mainly pdf. More than five hundred 
of these have been listed in the FiR 1 dismantling document system, which has been shared with the 
planning and execution phase contractors. 
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Overview of waste characterization strategy 

We present here in more detail our approach to activity characterization, since it provides the basis for 
waste management planning and cost estimation and has been the most valuable single set of input 
data for several purposes. Updating the activity inventories regularly during reactor operation is espe-
cially important with research reactors, since their operating history typically contains different applica-
tions and modifications to the reactor structures. Data on e.g. operating hours in each configuration and 
activating impurities in the reactor structures can easily be lost, if future decommissioning is not taken 
into account early enough. Figure 5 illustrates the progress of characterization process throughout a 
decommissioning project phases.  

 

Figure 5: Progress of characterization throughout the project phases.  

VTT’s waste management is based on nuclide vectors and the scaling matrix approach. Material-wise 
nuclide vectors will be applied during the dismantling as presented in Figure 6. Characterization work in 
2015–2020 has focused on validating the calculated results by collecting samples from different mate-
rials. An important limiting factor has been that since the spent fuel was still in the reactor core in 2015–
2020, samples could be drilled only from the low active outer areas of the reactor, to avoid damaging 
the tank or core structures (Figure 7). 

 

Figure 6: Waste classification using nuclide vectors 

Activity calculations and formation of nuclide vectors 

In the preliminary phase, VTT conducted activity calculations using a model that combined several 
MCNP neutron flux models representing different reactor operation phases to ORIGEN-S point-kinetic 
calculations to take into account the operation hours in each configuration. Since this model assumes 
that the target is mathematically homogeneous, the ORIGEN-S calculations were repeated for all the 
reactor main components and structures separately [5]. These results were used in the preliminary 
waste estimates and dismantling plan.  
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Figure 7: Left: Drilling directions towards the activated parts of the FiR 1 biological shield concrete (red lines 1, 2 and 3). 
Right: Drilling the specimens from the biological shield. 

VTT-Fortum contract in 2020 has enabled setting Loviisa NPP waste acceptance criteria as boundary 
conditions to waste management planning. Therefore, forming the validated nuclide vector has been set 
to follow ISO 21238:2007 standard [6] and special challenges related to especially waste final disposal 
can be discussed directly with the final repository facility owner.  

Choosing the final waste management option and forming the nuclide vector always contain some as-
sumptions between scientific precision and practical feasibility. Some practical questions have been e.g.  

− Activity in structures is so low that the amount of difficult-to-measure (DTM, or hard-to-measure) 
nuclides in the vector cannot by validated by sampling. In these cases performing DTM meas-
urements is not sensible. The characterization is performed by measuring the material compo-
sition from samples, performing the activity calculations using the measured composition and 
finally forming the nuclide vector by gamma spectrometric measurements using scaling factors.  

− The FiR 1 reactor contains several different types of steel, but the quantities are so low that it is 
not feasible to try to form nuclide vectors separately for each one. The best approach has been 
to form only one vector using conservative assumptions and checking with the waste acceptor 
that the list contains all the relevant nuclides.  

− Relevant key nuclides have been identified as 60Co, 137Cs and 152Eu. In addition the  the FiR 1 
epithermal neutron beam facility for cancer patient treatments using the boron neutron capture 
therapy (BNCT)  contains  Fluental neutron moderator and lithium enriched plastics, activated 
practically only through activation reaction 6Li (n,α) 3H. In the lack of gamma activity, they don’t 
have a suitable key nuclide and have to be characterized using only sample measurements and 
averaging the results to larger waste masses. Calculations are still utilized to choose suitable 
sampling locations, maintaining conservatism. Some structures contain also hazardous waste 
(lead, cadmium etc.) not allowed in Loviisa final disposal repository. Fortunately, these contain 
mainly short-lived nuclides, so they can be eventually free-released via aging in interim storage.  

− How to measure the nuclides as a result of contamination from reactor operation (isotope pro-
duction and activation analysis)? Current approach is to measure only gamma active nuclides 
and supplement the data with historical records of reactor operation. 

− Since some of the material are inaccessible before dismantling commences, the approach has 
been that VTT will form preliminary calculated nuclide vectors with conservative assumptions 
and these will be further refined and validated by Fortum during dismantling still keeping the 
same material-wise distribution.  

It has been estimated that altogether VTT will need 15 nuclide vectors. It is a relatively large number, 
but illustrates the special challenges in research reactor with various material and structural modifica-
tions throughout the facility operating history.  
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Experimental characterization and development of methods 

Radiochemical method developments for DTM radionuclides have been a collaborative effort between 
modelling and experimental studies. The modelling results have provided material wise lists of DTMs 
with conservative activity concentration. This information has been the basis for radiochemical method 
developments as both DTM’s and interfering gamma emitters could be accounted for i.e. the effort could 
be efficiently targeted on the most relevant radionuclides. DTM radionuclide analyses are long pro-
cesses as the radionuclides first need to be quantitatively extracted from solid matrix. For example, 
solubility of concrete [7] and graphite [8] are a major challenge in their analysis. Secondly, the DTM of 
interest requires complete separation from interfering radionuclides. For example, complete purification 
of 63Ni from 60Co is required for accurate analysis [9]. The DTM analyses can also suffer from radionu-
clide volatility, quenching in liquid scintillation counting etc. Therefore, method validation is required and 
in many cases it can be carried out using reference materials. However, there are no commercially 
available reference materials for DTM analyses in decommissioning waste and therefore validation via 
intercomparison exercises has been carried out for steel [10] and concrete [11] organized in Nordic 
nuclear safety research community. In total 8 laboratories have participated, 3 from Finland, 1 from 
Sweden, 1 from Denmark, 2 from Norway and 1 from France. Current intercomparison exercise focuses 
on DTM analysis in spent ion exchange resin. The exercises have highlighted the importance of collab-
oration and information exchange between laboratories.      

Applications of inventory data in planning 

Along with validating the nuclide vectors, characterization work in 2015–2020 has also included applying 
the results in especially radiation safety planning and waste final disposal safety assessment. VTT-
Fortum agreement has also been essential to set the boundary conditions for this planning. Practical 
questions include e.g.  

− Intermediate waste storage in the research reactor facility area (a couple of months at a maxi-
mum) is a challenge, since the reactor is located in a university campus area and all radiation 
dose to public must be prevented. Building an MCNP virtual model of the reactor building has 
enabled estimating direct doses through the building walls. [12] The current plan is also to use 
dismantled free-released heavy structures from the reactor to provide extra shielding. This is 
illustrated in Figure 8. 

− Choosing the waste packages is compromise between several factors. E.g. the packages have 
to provide enough shielding, but reactor hall crane and doorways set limitations to package size 
and weight. Logistics and requirements in both public road transportation and final repository 
site also need to be taken into account. This is illustrated in Figure 9.  

− Special material and certain long-lived nuclides have to be taken into account in the safety 
assessment of final disposal (which barriers are needed, do the packages have to provide a 
barrier in waste final disposal).   

− Validating all the methods used in waste classification and sufficient environmental safety pro-
cedures.  

 

Figure 8: Direct radiation doses to the public have estimating using an MCNP model of the building. Some of dismantled heavy 
structures of the reactor will be utilized as extra shielding close to the building outer walls.   
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Figure 9: Package planning has included studying options taking into account sufficient shielding, logistics and safety of final 
disposal; illustrated here for the radial graphite reflector of the core [13].  

Progress in decommissioning and decontamination of the OK3 laboratory  

Practical arrangements of the laboratory decommissioning have required development of working pro-
cedures and processes. Even structural changes of the buildings have been made to enable routes for 
material flow for interim storage and free release. Decontamination methods and methodology for esti-
mating the free release of material have been developed, including also methods to estimate difficult to 
measure radionuclides. During the decommissioning project, VTT has established partnerships with 
contractors familiar with working in radiologically controlled area. Lots of development is foreseen still 
as the project continues e.g. to dismantle contaminated concrete structures and controlled area 
wastewater and ventilation systems. 

Clean up of the radioactive laboratory is now in good progress and experience on decontamination and 
conditioning practices exist. Some materials, e.g. decontaminated lead tiles, will be reused in VTT’s new 
Centre for Nuclear Safety. Major part of the waste will be free-released and approximately 60 pieces of 
200 L drums of material will be disposed as radioactive waste. 

 

Figure 10. Left: Rotating table for 200 L drums and gamma spectrometry for activity measurements. Right: Medium active 
waste drums in the bunker. 
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Figure 11: Waste handling in the OK3 laboratories. 

The waste route for waste to be released is following: 

− Preliminary screening is done with portable contamination monitor or dose rate meter. In case 
of suspected alpha-contamination, an alpha sensitive meter with good sensitivity has to be used;  

− Decontamination with industrial washing machine with filtration system; 
− Transfer to release measurement; 
− Free release measurement in 200 L drum using gamma spectroscopy or scanning with portable 

alpha- and beta sensitive meter. 

Free released material, including hazardous waste, is handed over to recycling companies. The waste 
to be interim stored is packed into 200 L drums and gamma spectrometric measurement will be done. 
The interim storage is divided into less and more active packages. Drums with surface dose rates with 
about 0.5−1 mSv/h or more will be stored in specially sheltered bunker. 

Wiping and mechanical means, like cutting and grinding are used for decontamination, but, especially 
efficient means for decontamination is the industrial washing machine (Figure 12). The drawback of the 
usage of washing machine is, naturally, that activity is transferred into the circulating water, about 500 L, 
and the water has to be changed regularly. The release of water from the delay tanks into the sewer 
turned out to be a bottleneck. An ion selective filtering device was installed to filter 137Cs and 60Co from 
the waste water in order to fulfil the strict release limits. The filtering efficiency for 137Cs and 60Co with 
the NURES resin [14] being used is by our experience about 99 % and 80 %, respectively. This enables 
the release of tens of tons of material, while the remaining ion exchange resin has a volume of two litres. 
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Figure 12. Left: Industrial washing machine used for decontamination of washable items. Right: Filtering columns for highly 
selective ion exchange resin. 

Shipping of FiR 1 spent fuel for re-use in the United States 

In January 2021, the U.S. Geological Survey (USGS) in Denver, Colorado, received all the irradiated 
fuel from FiR 1. The USGS will use the nuclear fuel from the FiR 1 research reactor in its own reactor 
of the same type. The fuel, originally purchased by Finland in the 1960s and 1970s, has a remarkable 
remaining utility value after the permanent shutdown of the FiR 1 reactor. The USGS needed additional 
fuel to continue operating its reactor, but the production of suitable fuel available on the market has 
been suspended for several years and thus it was of mutual benefit for both parties. At the end of oper-
ation, the United States will take care of the fuel. 

The contract for the supply of used fuel was concluded in November 2020, and VTT arranged for the 
safe international transport of the fuel from Espoo, Finland to the USGS with support from Edlow Inter-
national Company. The transport of fuel by road and sea was supervised by the Finnish Radiation and 
Nuclear Safety Authority (STUK) and USA regulatory and safety authorities. 

Arranging for cooperative international spent fuel management abroad is an exception permitted by the 
Nuclear Energy Act. Before sending the fuel abroad, Finland received a report from the USA authorities 
on their commitment to the management of the fuel batch. When the USGS ceases to use its reactor, it 
will deliver the spent fuel to Idaho National Laboratory, where several countries have previously sent 
similar batches of nuclear fuel from research reactors for final handling and disposal. 

Lessons learned  

The licensing phase of the project has tested both VTT’s capability to fulfil the requirements and liabili-
ties, but also the Finnish nuclear legislation, regulations and authorities’ guidelines. Exchange of expe-
riences between VTT and authorities has led to improvements in the new Nuclear Energy Act and the 
YVL guides issued by the Radiation and Nuclear Safety Authority STUK. Different waste streams are 
now better taken into account in the national waste management activities, especially via improvements 
in license conditions of the NPP waste facilities. The lessons learned during the decommissioning of 
FiR 1 can be applied to the preparations for the decommissioning of nuclear power reactors. 
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Looking backward, it is easy to see that having binding contracts for waste management in place already 
at the moment of the shutdown decision would have simplified planning and licensing for decommis-
sioning, saving time and expenses. In Finland, operators are currently obliged to arrange their own 
waste management. This approach is incomplete in the sense that it might leave out minor waste 
streams from research institutes (like VTT), universities, hospitals, and industry. However, a task force 
led by MEAE has elaborated recommendations for further development of the national radioactive waste 
management [15], which has led to improvements for instance in the license conditions of the NPP 
facilities, allowing more flexible acceptance of waste streams from other operators.  

Open communication and transparency are important success factors in project work in general, and 
this applies also to nuclear projects with the exception that there are obvious limitations for full transpar-
ency due to security reasons. For VTT, the Government (represented by MEAE) is a key stakeholder, 
and we pay high attention to keeping MEAE well informed about the project through regular progress 
meetings. This dialogue concerns especially licensing requirements but also funding (see below). In 
parallel, effective technical communication with other stakeholders (waste acceptor, the regulator, dis-
mantling contractor etc.) is also important to set the boundary conditions for activity characterization. If 
the waste end-point is known, e.g. documentation and data management should be developed compat-
ible with the waste acceptor organization. 

Early and comprehensive computational characterization of radionuclide inventories has been highly 
valuable for all later planning. We strongly encourage decommissioning operators to invest sufficiently 
to that important phase early on. Also, we have seen that the demand for characterization remains high 
over a long time, to which VTT has responded with continued competence building in both activation 
modelling and measurements. Reflecting to new build projects, collecting inactive reference materials 
of the reactor structures is very essential so that activation calculations can be performed with reliable 
input data. Validating the calculated estimates with measurements also require systematic development 
of the measurement methods. International intercalibration exercises are an example of valuable 
method development. This also provides an opportunity to systematically document the best methods. 

In the early preparations for decommissioning, VTT had underestimated the detail required for design 
and planning work to meet all regulatory requirements, and consequently the time and budget of the 
project. Due to this, and due to the reasons detailed above, VTT faced a funding gap for decommission-
ing and applied in 2018 from the Government for additional funds to be paid into the Nuclear Waste 
Management Fund. Presently the Fund holds about 19 million euro earmarked for remaining FiR 1 de-
commissioning and nuclear waste management, which is considered sufficient, all main plans and con-
tracts being now in place. 

Summary and outlook 

The FiR 1 research reactor and the OK3 laboratory have been key nuclear energy training and research 
facilities for three generations, and now they serve as a pilot also in the decommissioning phase.  

It is obvious that there is significant potential to optimize the economy of decommissioning of standard 
type nuclear facilities, like TRIGA research reactors or common types of NPP’s, by using a specialized 
decommissioning organization, which can multiply the knowhow, or the product. Still, as a research 
organization with a single nuclear facility, VTT has decided to build own relevant competence and cap-
italize on the accumulating experiences. To this end, VTT has launched a decommissioning business 
ecosystem dECOmm to develop new services to the international decommissioning market together 
with several Finnish companies [16]. 

The dECOmm ecosystem’s research project supports companies’ own projects and includes building 
information models (BIM), virtual and augmented reality, radiation transport and dose modelling, artificial 
intelligence, human factors, operating and licensing framework as well as innovation ecosystems and 
ecosystemic business. Conversely, experiences from the company projects will be exploited as valuable 
input for research. FiR 1, while being a nuclear facility, can provide a small-scale, easy-to-access test 
bed for the developed technologies. By involving a spectrum of companies with different backgrounds, 
all partners learn about the specifics of the nuclear domain, like regulations and quality requirements. 
Important in decommissioning is to understand where and when requirements can be relaxed.  
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