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1 Glossary 

AM Interim storage for radioactive waste at Studsvik 

Category 1 Liquid waste treated in the hot cell in the ILW Facility, 
maximum activity is 400 TBq/m3 or 400 MBq/ml 

Category 3 Liquid waste treated in the ILW Facility, maximum 
activity is 40 GBq/m3 or 40 kBq/ml 

Category 4 Treated liquid from category 3 and other liquids 
proceeded from the ILW Facility, maximum activity is 
400 MBq/m3 or 400 Bq/ml (whereof a maximum 
activity of 50 kBq/m3 or 0,05 Bq/ml of alpha nuclides) 

Critical group  Most affected group used as a basis for dose 
calculations 

DS284 IAEA draft document Safety Case and Safety 
Assessment for Predisposal Management of 
Radioactive Waste 

Ecolego Player Software from Facilia used as a basis for SAFCALC. 

HQ Hazard Quotient, a value entered by the user or 
retrieved from the database to serve as a comparative 
value. If a calculated release exceeds the HQ-value 
SAFRAN will highlight the release values in red to 
alert the user.  

IAEA International Atomic Energy Agency 

ILW Intermediate Level Waste 

IRSN Institute of Radiation Protection and Nuclear Safety 

NDA Nuclear Decommissioning Authority 

PAI Potentially Affected Inventory 

PIE Postulated Initiating Event 

SADRWMS Safety Assessment Driven Radioactive Waste 
Management Solutions 

SAFCALC SAFRAN Calculation tool, a separate module for 
performing calculations in SAFRAN 

SAFRAN Safety Assessment Framework 

SSM Strålsäkerhetsmyndigheten, Swedish Radiation Safety 
Authority 
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2 Introduction 

The SAFRAN software is a program funded by the International Atomic 
Energy Agency (IAEA), the Swedish Radiation Safety Authority (SSM), 
the British Nuclear Decommissioning Authority (NDA) and the French 
Institute of Radiation Protection and Nuclear Safety (IRSN).  
 
SSM financed a project in 2008 to test the pre-release version of the 
software SAFRAN, developed by Facilia, for one of the waste treatment 
facilities at Studsvik. The project described in this report is part of the 
IAEA project Safety Assessment Driven Radioactive Waste Management 
Solutions, SADRWMS. The test of the SAFRAN software was applied to 
the Intermediate Level Waste Facility, the ILW facility see Figure 1), and 
resulted in a list with 50 proposals of improvements to the SAFRAN 
software [Bejarano & Tiberg, 2008]. 
 
The version 1.0 of the SAFRAN software was released in August 2010 
and an application case was ordered by SSM. As a new project, financed 
by SSM, Studsvik implemented the SAFRAN software to the ILW 
Facility once again to review the improvements of the software and to re-
evaluate it. 
 
The Studsvik Application Case started in August 2010 and ended by the 
end of December the same year. During the work of the re-evaluation of 
the software some minor updates were installed. 
 
The purpose of this report is to describe the working procedure of the 
application case and to evaluate the assessment tools and the calculation 
tools included in the SAFRAN software. As SAFRAN is intended as a 
software implementation of the IAEA draft document Safety Case and 
Safety Assessment for Predisposal Management of Radioactive Waste 
(DS284), a comparison between the method and the software was also 
carried out.  
 
The report is approved for free distribution. 
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3 The ILW Facility at Studsvik, Sweden 

The production in the ILW facility at Studsvik started in September 1987 
with the purpose of treating both solid and liquid ILW. The final product 
is conditioned and packaged radioactive waste adapted to the Swedish 
transport system and final disposal. 
 
The ILW facility is divided in two sections; one for treatment of solid 
waste and one for treatment of liquid waste. These two sections share an 
interim storage for packaged ILW at the facility. Because of regulations 
for physical protection no detailed technical data for the facility can be 
given in this report. 
 

 
Figure 1 
Sketch of the ILW Facility at Studsvik, Sweden. 
 
 
3.1.1 Treatment of solid ILW 

The ILW facility uses a hot cell with a technical capacity of 185 TBq 
Co-60 equivalents for treatment of solid ILW. An 80 liter double lid 
drum is docked/undocked to the hot cell in such a way that no external 
surface contamination is possible during normal operation. [Hallberg & 
Hellsten, 2008]. 
 
The incoming solid waste is inspected regarding documentation before 
being transferred into the hot cell via an air lock. Inside the cell the waste 
is inspected visually, conditioned (e.g. cut, compacted or repacked)  
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and/or treated if necessary, and finally packaged in the 80 liter double lid 
drum. After sealing the double lid drum, it is docked away from the hot 
cell and placed inside a concrete mould with room for either one or five 
double lid drums. 
 
The final packages produced at the solid ILW treatment plant are cubical 
concrete moulds with a total volume of approximately 1.7 m3 containing 
one or five double lid drums. The moulds’ maximum dose rate should not 
exceed 500 mSv/h and they are temporarily stored in the facility’s 
interim storage for packaged ILW. 
 
The double lid drums are positioned in the mould depending on their 
activity. The centre slot is used for the drum with the highest activity in 
order for it to benefit more from the surrounding material that acts as a 
radiological shield. If necessary it is also possible to pack the waste in an 
extra radiological shield for further shielding before it is packaged 
further in the double lid drum. This drum is always places in the centre 
slot.  
 
The moulds are then transported in an external radiation protection shield 
to the interim storage for radioactive waste, AM, at Studsvik. 
 
 
3.1.2 Treatment of liquid ILW 

The Studsvik site produces different categories of liquid waste. Only 
category 1 radioactive liquids, category 3 radioactive liquids, sludge 
resulting from the category 4 treatment and ion exchange mass are 
treated at the ILW facility. For all liquids, except for category 1 liquid, 
the processing and transport of the liquids is done in a closed system. 
 
Category 1 liquid is sent to the ILW Facility from other facilities at the 
Studsvik site where it is produced. It can also be originated in fuel dis-
solutions in the hot cell used for solid waste. The amount of category 1 
liquid treated is estimated to about a maximum of five liters each year. 
The liquid is first neutralised and then moulded in a small metal pot in 
the hot cell. Afterwards the waste is packaged as solid waste. 
 
Liquids from category 3 are stored in four tanks of 12 m3 each in another 
building next to the ILW Facility before being pumped to the processing 
room. Once in the processing room the liquids are pre-treated with 
chemical precipitation (three precipitations for the same batch) followed 
by centrifugation after each treatment. The resulting clear water is sent to 
the category 4 treatment plant and the resulting sludge is sent to two 3 m3 
sludge tanks pending further solidification. 
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Sludge from the category 4 treatment is transported via the site’s culvert 
system to the ILW facility and stored in a tank for dewatering. After 
dewatering the clear water is sent to the category 4 treatment facility and 
the concentrated sludge is sent to the solidification area for final 
treatment. The ion exchange resin follows the same procedure as the 
category 4 sludge but is stored in a separate 10 m3 tank. 
 
The solidification of ILW sludge coming from the pre-treatments 
described above (precipitation and centrifugation or simple decantation) 
is carried out in a separate area by mixing the sludge with a cement 
matrix in a 200 liter drum. Once the solidification process is finished the 
drums are sent to the facility’s interim storage for packaged ILW, where 
also the concrete moulds containing conditioned solid ILW are 
temporarily stored. 
 
The final packages produced at the liquid ILW treatment plant are steel 
trays containing four 200 liter drums, with each tray having a total 
volume of approximately 1.2 m3. The trays are transported to AM in a 
radiological shield. 
 
 
3.1.3 Ventilation 

The ILW Facility has a main ventilation system where outgoing air 
passes through a filter with a particulate matter filtering efficiency of at 
least 99.95 % [Rådeby, 2010]. 
 
In addition, the solid waste treatment hot cell has an additional filter of 
the same efficiency. 
 
 
3.1.4 Operational radiation safety procedures  

The radiological safety procedures at the ILW Facility are governed by 
the ALARA principle, which states that all unnecessary exposure should 
be avoided as far as reasonably possible from a health and economical 
perspective. 
 
The production part of the facility uses a gamma detection system for 
continuous monitoring of the radiological condition. There are also 
radiation protection personnel responsible for monitoring radiological 
work as well as developing safety instructions. 
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Solid waste management in the hot cell is performed remotely from a 
control room shielded by thick leaded glass. During normal operation no 
personnel is allowed inside the hot cell. Internal transportation of waste 
is done by using multiple ports with seals preventing several ports being 
simultaneously open. This further reduces the risk of exposure. 
 
Liquid waste management is operated from a control room where the 
activities are monitored. During normal operation the only relevant dose 
contribution comes from sampling liquids and from the solidification 
process. 
 
The average annual dose to a worker is about 0.5 mSv [Hallberg & 
Hellsten, 2008]. This corresponds roughly to a fifth of the natural 
background radiation dose. 
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4 SAFRAN 

The SAFRAN software was developed to be a user-friendly application 
that incorporates the methodologies developed in Safety Assessment 
Driven Radioactive Waste Management Solutions project (SADRWMS), 
as described in the draft document DS284 [Facilia, 2010]. 
 
Facilia states that the goal of the SAFRAN software is to have the 
following main functionalities: 

 To define facilities for storage and/or processing of 
radioactive waste, including their relevant design features. 

 To define waste streams including all relevant radiological 
and non-radiological properties and their changes through 
the waste management activities. 

 To define relevant requirements from the regulatory 
framework (criteria, endpoints, other requirements). 

 To perform safety assessments for all steps of pre-disposal 
waste management. 

 To perform calculations for quantitative analysis. 

 To report the decision path and to document the safety 
assessment justifications. 

 To track changes in the safety assessment and of review 
comments to facilitate the development and review of the 
safety assessments. 

 To support the use of safety assessment results in various 
areas (e.g. location of facilities, definition of requirements 
for safety functions, operational limits and conditions, 
operational procedures etc.).  

 
 
4.1 Modelling in SAFRAN 

4.1.1 Facilities and areas 

The first step in using SAFRAN is to construct a model of the facilities to 
be simulated. This is done by defining facilities and their rooms in the 
site module, see Figure 2. Each room can then be divided into areas, 
where each area is used to define a waste management activity.  
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Figure 2 
The site module used in the software SAFRAN. Here the user can define 
the facilities, rooms and areas used in the model. 
 
 
In addition the user can also type in data such as descriptions of the 
defined facilities, rooms and areas, lists of physical safety elements (e.g. 
ventilation data), maintenance procedures etc. 
 
Once waste has been added, data such as normal operation release rates 
to air and liquids can be entered as well. These data are later used in the 
normal operation assessment (Section 5.4.1). 
 
 
4.1.2 Waste management activities 

Each defined area can be used to model a waste management activity 
performed there, see Figure 3.  
 
The user can enter reduction factors for volume, mass, activity, etc. as 
well as specify packaging parameters such as volume, mass and surface 
contamination. The packaging parameters do not include features such as 
spatial distribution of waste within the package. 



STUDSVIK NUCLEAR AB N-11/007 Rev. 1 8 
 2011-01-11 
 2011-05-16 Rev. 

 

Figure 3 
Waste management activity data, such as volume and activity reduction 
can be entered for each activity. 
 
 
When waste streams (see Section 4.1.3) are modelled to pass through the 
area these reduction factors and/or packaging parameters are used to 
modify the properties of the corresponding waste, simulating the activity 
being performed on the waste. 
 
It is also possible for the user to add some non-radiological data as well 
as a descriptive text, but this is only used for documentation purposes, 
see Figure 4. 
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Figure 4 
Non-radiological data can be entered to describe the waste further in each 
area. 
 
 
4.1.3 Waste 

Waste components can be defined in two ways. The first is to use the 
waste producer tree. Here the user can add waste components and specify 
nuclide specific activity levels as well as physical and packaging 
parameters of the waste, see Figure 5. 
 



STUDSVIK NUCLEAR AB N-11/007 Rev. 1 10 
 2011-01-11 
 2011-05-16 Rev. 

 

Figure 5 
Nuclide activity and packaging data can be entered for each waste 
component. 
 
 
The other method is to specify waste components directly in the areas 
described above. This is, however, not recommended by Facilia at the 
time of this writing due to possible interference with upcoming features.  
 
By right-clicking on a defined waste component the user can choose 
“Create/modify waste stream diagram”. This is where waste management 
activities from the site module can be applied to the waste. As mentioned 
above, the corresponding defined waste management activity parameters 
are used to modify the waste parameters. These modifications are 
propagated through the sequence of waste management activities and 
thereby simulating the full series of activities performed on it. 
 
Several waste streams can also be added together to form a resulting 
merged waste component. The waste stream diagram provides a 
visualisation of the waste stream, see Figure 6. 
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Figure 6 
Waste stream diagram showing both the processes and the resulting 
waste. This diagram shows the liquid treatment for category 3 at the ILW 
Facility. 
 
 
The applied waste management activities also provide SAFRAN with 
data of which rooms the waste passes through. Once an activity has been 
applied SAFRAN will add the waste component data into the relevant 
tables for the rooms and areas it passes. When defining scenarios where 
certain areas are affected, SAFRAN can supply all possibly affected 
components from these data. The user can then choose the relevant 
components by using checkboxes. 
 
 
4.1.4 Regulatory framework 

In this module the relevant regulatory framework is added. This can for 
example be values on the maximum allowable dose for normal and 
accidental scenarios. The various defined endpoints can be linked to 
these criteria. 
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4.1.5 Safety assessment 

This module contains the necessary tools to perform the safety analysis. 
The user can specify purpose and scope of the assessment, formulate 
scenarios, determine their impact and link it to different endpoints, see 
Figure 7.  
 
Furthermore, this module contains much of the calculation functionality 
of SAFRAN. There are several different types of impacts that can be 
calculated, and the method depends on the model used. For the purpose 
of this application case normal operation as well as accidental release of 
nuclides to air both inside and outside the facility/area were been 
calculated. Additionally the direct external exposure models have been 
tested. 
 
The general way of performing calculations is to formulate scenarios and 
specify their corresponding impact (e.g. what rooms are affected and 
how). The impact is further linked to an endpoint on which the results 
(e.g. dose) are applied. 
 

 
Figure 7 
The safety assessment module in SAFRAN. This is where the user 
defines scenarios and performs the safety assessment. 
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4.1.5.1 Normal operation  

The normal operation calculation functionality uses data of release rates 
to air and liquid specified in the site module as its input data. Performing 
these calculations is therefore relatively straight forward provided such 
data have been entered.  
 
The user can use either built in or manually entered dose coefficients to 
relate the release to a resulting dose. Depending on the specific model 
used, the user can also enter additional data such as exposure time and 
inhalation rate to relate normal operation releases to worker dose.  
 
As there are normally no workers in the associated rooms at the ILW 
Facility only the release to the air outside of the facility has been used in 
this application case. This release is then related to the dose received by a 
member of the critical group. 
 
 
4.1.5.2 Accidental release to air inside and outside of the 

facility 

Based on the room or area under consideration (chosen in the scenario 
formulation) SAFRAN will extract the activity levels of the possible 
waste components present and display them in the table “HQ (release to 
air, inside)” in the “Impacts” tree, see Figure 8. The user can choose the 
relevant waste components from the list and enter the release fraction for 
the nuclides in that waste component (pre-set to 1, i.e. 100 %) into the 
same table, enabling SAFRAN to calculate the released activity. 
 

 
Figure 8 
Impact table Release to air, inside. Here the user can enter release fractions of nuclides 
released in the scenario. 
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This released activity is then automatically transferred to the table “HQ 
(release to air, outside)”. Here the user can enter the filtration efficiency 
of the cleaning filters. The table then displays the amount of activity 
released to the air outside of the facility, see Figure 9. 
 

 
Figure 9 
Impact table Release to air, outside. Here the user can enter filtration 
efficiency and get a resulting external release.  
 
 
In the table in the “assessment case” tree this released activity is 
presented together with dose coefficients used to relate the resulting 
worker/public dose from the release, see Figure 10. SAFRAN has these 
coefficients in its database, and they are automatically retrieved. The user 
can also enter own values. 
 

 
Figure 10 
Assessment case Release to air. The assessment table uses values from 
the previous tables together with dose coefficients to calculate the 
resulting dose. 
 
 
4.1.5.3 Accident leading to increased external exposure 

For this kind of calculation the user can either manually enter the dose 
rate from the chosen waste components or use the SAFRAN Calculation 
tool (SAFCALC) to perform dose rate calculations based on a number of 
different models. For this application case two of these (cube with shield 
as well as disc with shield) were tested. While the user has no access to  
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the underlying model, it is possible to specify the physical parameters 
used in the calculation and therefore to adapt the calculation to the 
relevant waste component, see Figure 11. 
The SAFCALC tool is a separate software based on Facilia developed 
Ecolego Player.  
 
 

 
Figure 11 
SAFCALC parameter input screen. The input options vary with the 
model used.  
 
 
The exposure models used and described in this report are both based on, 
to the authors’ knowledge, generally used theoretical models of simple 
geometrical forms of homogeneously contaminated one-layer packages 
together with an external shield in the form of a slab. 
 
There are currently no models taking into account multi-layered 
materials or not homogeneously distributed waste. 
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5 Studsvik Application Case 

The Studsvik Application Case started in August 2010 by defining the 
objectives and the scope of this project. 
 
The objectives to be accomplished during the Studsvik Application Case 
were: 

 To get familiar with chapter five of IAEA’s document 
DS284 

 To review the SAFRAN software as an implementation of 
the methodology outlined in DS284 

 To apply SAFRAN on the ILW Facility at Studsvik as a 
way to assess its overall functionality, user-friendliness etc. 

 To participate in two international IAEA meetings to 
discuss the software and its development 

 To compare the results from last report and the proposed 
improvements for the software. 

 
The scope of the project was to model the ILW Facility using operational 
quantitative data from the facility. An evaluation of what can be done 
with the software as well as its calculation tools would then facilitate the 
comparison both with the DS284-method and with Studsvik’s own safety 
analysis and calculations. 
 
The evaluation of the calculation tools was to be made by formulating 
scenarios (e.g. potential accidents) and comparing SAFRAN’s results 
with those from Studsvik’s own models. 
 
Studsvik, Facilia and SSM also decided that Studsvik should evaluate the 
user-friendliness and overall function of the complete software. This was 
to be conducted in close cooperation with Facilia, both as an input for the 
development of the software, but also as support for Studsvik.  
 
Studsvik was also invited to participate in two international meetings 
where the software development would be discussed. In these meetings 
members from the IAEA, responsible for the development of the 
software, would also attend. 
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5.1 Access to the software 

Since SAFRAN version 1.0 was launched shortly after the project 
started, the beta version was downloaded and used for getting familiar 
and experimenting with the software. Even if the beta version contained 
most, but not all, of the functionalities of the final version it is important 
to observe that some time was spent to get a general feel for the software 
before the actual modelling were to be performed due to the lack of up-
to-date tutorials and other guiding material. 
 
Facilia released SAFRAN version 1.0 at the end of August 2010. During 
the project Facilia has continued developing the software, partly based on 
input from Studsvik.  
 
5.2 Reference material for calculations 

5.2.1 Dose coefficients 

Studsvik has calculated normal operation dose coefficients to relate the 
facility’s nuclide release rates to the corresponding dose received by the 
most affected members of the public (the so called critical group) 
[Bergström et.al., 2001]. This has been done by accounting for internal 
dose through several different pathways of nuclide intake as well as 
external dose from ground deposition and plume dose. 
 
The nuclide dispersion model is based on a Gaussian plume model with 
several years of measured weather data at the Studsvik site as input 
[Karlsson & Aquilonius, 2001 and Bergström et.al., 2001]. The resulting 
air (plume) concentration and ground deposition is then used as a base 
for the calculation of public dose from different pathways of uptake. 
Amongst other pathways, inhalation dose and external dose are included.  
 
The resulting dose to the public from the release of 1 Bq is then cal-
culated and tabulated as dose coefficients for various nuclides. These 
dose coefficients can then be multiplied with the release rates to give the 
resulting dose from the corresponding release. 
 
For the purpose of this project new accidental release dose coefficients 
were calculated with the normal operation dose coefficients as base. 
Instead of using measured average weather data, conservatism was added 
by assuming such weather conditions that a member of the critical group  
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would get the highest dose. This was done by comparing different classes 
of atmospheric stability and the corresponding dose received by the 
critical group. Only external dose from ground deposition, external 
plume dose and internal inhalation dose was considered.  
 
 
5.2.2 Microshield 

Microshield is a software for radiation shielding and dose rate assess-
ments. It is used by radiation protection personnel at Studsvik for 
preliminary shielding calculations. Microshield is used in this project as a 
comparison to SAFRAN’s calculation tool in external dose rate 
calculations. 
 
 
5.2.3 Previous calculations 

Calculations for dose to critical group during normal operation have been 
done previously for the ILW Facility. For the period 1992-2007 the 
results were on the order of 10-9-10-12 Sv [Hallberg, 2010]. This is used 
as a reference value for comparison with the normal operation 
calculations performed in the application case.  
 
 
5.3 Modelling of the facility 

Before the modelling began it was decided by Studsvik, Facilia and SSM 
that Studsvik should keep the model relevant and relatively simple. 
Studsvik modelled the areas within the ILW Facility where actual waste 
management was performed. Consequently some areas, e.g. rooms where 
waste is just transported through, were omitted in the model. It was 
estimated that the rooms which were modelled in the program contained 
at least 98 % of the activity in the facility [Rådeby, 2010].  
 
The air in the ILW Facility is ventilated with particle filters with an 
efficiency of at least 99.95% for particulate matter [Rådeby, 2010]. This 
value was used in the model. 
 
The following chapters show a short description of the rooms modelled, 
their most important characteristics/features for calculation purposes and 
the activities performed in them. 
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5.3.1 Cell for solid waste processing 

The hot cell has a filter for particulate matter. As with the facility’s main 
ventilation filtration, the efficiency was set to 99.95 % in the cal-
culations. This value was used for all released nuclides, i.e. no 
consideration was taken to the physical properties of the nuclides that 
were considered to be released. 
 
In SAFRAN, the associated waste activity was set as a repackaging into 
80 liter packages. No volume or activity reduction was modelled in this 
room. While volume reduction is sometimes performed (e.g. cutting or 
compaction) this is disregarded from since the specified incoming waste 
volume is based on the resulting double lid drum volumes.  
 
 
5.3.2 Liquid waste processing room 

The amount of sludge resulting from each process iteration of category 3 
liquid was assumed to correspond to 5 % of the incoming volume. It was 
further assumed to contain 98 % of the activity. 
 
In SAFRAN this was modelled as a waste management activity with two 
outgoing waste components; one for the cleaned liquid and one for the 
sludge. The outgoing components had the proper volume and activity 
reduction factors.  
 
The room has no own filtration apart from the filter in the main 
ventilation. 
 
 
5.3.3 Sludge tank room 

While there are two 3 m3 tanks in this room, the room was modelled to 
have just one waste package of 6 m3. 
 
The room has no own filtration apart from the filter in the main ventilation. 
 
 
5.3.4 Solidification room 

The solidification room solidifies and packages sludge and ion exchange 
resin into 200 liter drums. In this simple model no consideration was 
taken to the increase in total volume due to the inclusion of cement. The 
reason for this was to get a more general approach of the process in the  
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facility and to handle it easier in SAFRAN since the amount of cement in 
the mixture varies with the physical as well as radiological properties of 
the waste. Otherwise the room would have to be modelled with several 
different waste activities. Furthermore, the varied amount of waste 
packages produced depending on the incoming waste would also have 
required the implementation of a function in SAFRAN that allows for 
limiting the amount of waste packages stored in an area due to physical 
limitations.  
 
The room has no own filtration apart from the filter in the main 
ventilation. 
 
 
5.3.5 Ion exchange resin tank room 

While the tank has a volume of 10 m3, it has been modelled as just one 
waste package of 1.77 m3 corresponding to the volume of ion exchange 
resin to be solidified for every batch, see Appendix A. This was done to 
avoid confusion since activity values were input as concentrations and 
the total activity is calculated from the waste package volume. 
 
The room has no own filtration apart from the filter in the main 
ventilation. 
 
 
5.3.6 Temporary storage room for packaged waste 

Two types of packages are stored in this room. The packages for solid 
waste consist of concrete moulds with either one or five internal slots for 
80 liter drums. Since SAFRAN does not have a feature to include such 
spatial distribution of waste in packages, the function of five slots in a 
concrete mould could not be modelled accurately. Instead the associated 
waste management activity in this room was taken as a repackaging into 
a new container of 5 x 80 liter volume with a homogeneous waste 
distribution. 
 
Solidified liquid waste drums are repackaged into trays where four 
200 liter drums are placed in a quadratic pattern. The associated waste 
stream was set to repackaging into new package of 4x200 liter volume. 
This disregards the volume of the actual tray. 
 
The room has no own filtration apart from that for the whole facility. 
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5.4 Waste modelling 

The amount of waste and the corresponding activity was modelled using 
a conservative but realistic case. It should be noted that the ILW Facility 
has a highly variable waste throughput depending on the incoming waste 
and on-going activities at the Studsvik site. 
 
SVAFO provided Studsvik with measurement data on previously pro-
cessed waste and an estimate of the amounts, volumes, etc. that was 
reasonable in every simulated case. The data was based on waste with 
activity levels above average in order to add some conservatism to the 
calculations [Rådeby, 2010]. 
 
These waste batches were modelled in SAFRAN with the relevant 
sequence of waste management activities applied to them. While the 
waste was modelled on only one batch, in SAFRAN the same batch will 
in the default state be simultaneously present in all rooms it passes. The 
reason for this behaviour is that when performing calculations it is easier 
to manage the waste location of interest by using checkboxes to select 
the preferred location, rather than actually having to change the model 
depending on which process step is being analysed. One additional 
advantage to this approach is that one single batch can be used to model 
the waste throughput, as if it was a continuous throughput where each 
process step is done on a virtual new batch once the previous batch goes 
to the next process stage. This approach simulates the facility working at 
full capacity. The downside, however, is that variability in waste 
properties is not taken into consideration. As there is no time dimension 
in waste management in SAFRAN such variability would have to be 
based on different non-simultaneous waste streams, which would be too 
time consuming to implement for the purpose of this application case. 
 
 
5.4.1 Solid waste 

The solid waste is based on one full concrete mould with five internal 
80 liter double lid drums. The five slot mould was used since this is the 
mould used for the majority of solid waste. Measurement data on their 
contained activities as well as their surface dose rates were provided by 
SVAFO [Rådeby, 2010].  
 
The five double lid drums were simulated in SAFRAN as separate waste 
streams going through the waste management step before converging 
into the same stream when they are packaged in the concrete mould. In  
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addition, an extra half full mould based on the same activity con-
centration was introduced as an existing waste package in the temporary 
storage room. This was based on an estimate of the number of moulds 
present in the room at the same time [Rådeby, 2010]. 
 
The spatial distribution of the double lid drums in the concrete mould is 
of importance to the process. The mould serves as a radiation protection 
shield and the radiation from the middle drum will be attenuated more 
than the outer drums, while the drums in every corner provide a different 
radiation depending on the waste it contains. The hazard for a worker in 
case of an accident will also vary depending on which side of the mould 
he or she is facing.  
 
Waste is treated with this spatial distribution in mind, where the most 
active drum can have a significantly larger activity than the others since 
it will benefit more from the attenuation in the concrete mould due to its 
centre location. If the activity in the waste in the middle drum gives 
higher dose rates than allowed, it is possible to put the waste in an extra 
radiological shield to reduce the dose rate.  
 
While the mould has separate slots for the waste drums, SAFRAN does 
not take into account spatial distribution of waste. Instead the moulds 
were modelled as 5x80 liter packages with homogenously distributed 
waste. 
 
 
5.4.2 Liquid waste 

The liquid waste is divided into three streams; liquid waste, sludge and 
ion exchange resin. 
 
The liquid waste volume and activity is based on measurement data on a 
full 8 m3 category 3 liquid waste tank that was provided by SVAFO 
[Rådeby, 2010]. 
 
The liquid waste will produce sludge as it goes through the cleaning 
process. The amount of resulting sludge from 8 m3 of liquid waste was, 
however, deemed insufficient as continued waste processing steps are not 
carried out until a more sizeable quantity of sludge has been collected. 
Therefore an initial volume of 3.88 m3 of sludge was added to the tank to 
bring the total amount to 5 m3. The activity of this waste was based on 
measurements on the sludge tank provided by SVAFO [Rådeby, 2010]. 
 
The amount of ion exchange resin and its concentration was also 
provided by SVAFO [Rådeby, 2010]. 
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5.4.3 Activity 

Values for the total activity for both solid and liquid waste were given by 
SVAFO, see Appendix A. The activity levels used are examples from 
waste previously treated in the facility, but with an above average 
activity level to add conservatism to the calculations. 
 
 
5.5 Scenario formulation and calculation 

Studsvik decided, together with SSM and Facilia, to test SAFRAN’s 
calculation tools by formulating scenarios and using the built-in 
calculation tool to calculate the effects. These would then be compared to 
the results obtained in the Safety Case for the ILW facility and 
Studsvik’s own methods. 
 
A number of scenarios were formulated and implemented in SAFRAN. 
Below follows a list and description of the scenarios. 
 
 
5.5.1 Normal operation 

5.5.1.1 Scenario description 

The yearly normal operation dose impact to the critical group from the 
facility was calculated. 
 
 
5.5.1.2 Assumptions 

The waste throughput of the facility is variable depending on the on-
going activities at Studsvik. In these calculations it will be assumed that 
eight times the solid waste and three times the liquid waste streams 
modelled pass through the facility per year.  
 
To calculate the air contamination levels in the different rooms, an 
estimate of the room air release fraction of 5 per mille of the activity for 
the solid waste in the hot cell, and 0.01 per mille from the liquid waste 
tanks were assumed. The temporary storage area is considered non-
contaminated. These values were calculated by comparing the normal 
operation assessment release dose with those calculated in the Safety 
Case for the facility. Since there are different nuclides and different 
waste forms (and different release mechanisms) these estimates have a 
large degree of uncertainty.  
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Both the filtration in the hot cell, and the main ventilation filtration, were 
assumed to function at 99.95 % efficiency each. 
 
As there are normally no workers in the waste management areas during 
operation internal inhalation dose was omitted. 
 
The different rooms were modelled as separate normal operation 
scenarios. 
 
 
5.5.1.3 Calculations 

The estimated normal operation release rates for each area were entered 
in the corresponding tables in SAFRAN’s site module. 
 
Both SAFRAN’s database coefficients as well as Studsvik’s own dose 
coefficients were used. 
 
Since there are no calculated normal operation dose coefficients for the 
ILW Facility, the values corresponding to a generic building with an 
exhaust height of 20 m located at the Studsvik site were used. 
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5.5.1.4 Results 

Table 1 
Results obtained from the normal operation assessment using SAFRAN’s database dose 
coefficient values and Studsvik’s site specific dose coefficients. 

 

Scenario Nuclide Release rate 
(Bq/y) 

DCFair,norm 
Studsvik 
(Sv/Bq) 

DCFair,norm 
SAFRAN 
(Sv/Bq) 

Dose rate 
Studsvik 

(Sv/y) 

Dose rate 
SAFRAN 

(Sv/y) 

  Am-241 8.48E-002 5.76E-015 2.50E-011 4.88E-016 2.12E-012 

Co-60 4.68E+000 6.46E-017 1.30E-011 3.02E-016 6.08E-011 

Cs-134 6.48E+001 3.09E-016 3.11E-012 2.00E-014 2.02E-010 

Cs-137 3.78E+002 1.92E-015 5.07E-012 7.26E-013 1.92E-009 

Mn-54 8.10E-002 3.84E-018 7.61E-013 3.11E-019 6.16E-014 

Cm-242 5.22E-003 3.53E-016 2.88E-012 1.84E-018 1.50E-014 

Cm-244 4.14E-001 3.42E-015 1.55E-011 1.42E-015 6.42E-012 
Normal 
operation - 
Ion-exchange 
tank 

Pu-238 5.04E-001 6.58E-015 2.66E-011 3.32E-015 1.34E-011 

  

Pu-239 7.95E-002 7.18E-015 2.92E-011 5.71E-016 2.32E-012 

Ru-106 2.97E+000 1.05E-017 5.70E-013 3.12E-017 1.69E-012 

U-234 1.44E-003 5.75E-013 4.44E-011 8.28E-016 6.39E-014 

U-235 1.08E-003 5.75E-013 8.87E-012 6.21E-016 9.58E-015 

U-238 9.90E-004 5.75E-013 4.75E-011 5.69E-016 4.70E-014 

Total       7.54E-013 2.20E-009 
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Scenario Nuclide Release rate 
(Bq/y) 

DCFair,norm 
Studsvik 
(Sv/Bq) 

DCFair,norm 
SAFRAN 
(Sv/Bq) 

Dose rate 
Studsvik 
(Sv/y) 

Dose rate 
SAFRAN 
(Sv/y) 

  Am-241 1.77E+001 5.76E-015 2.50E-011 1.02E-013 4.43E-010 

Co-60 5.22E+001 6.46E-017 1.30E-011 3.37E-015 6.79E-010 

Cs-134 1.12E+003 3.09E-016 3.11E-012 3.47E-013 3.49E-009 

Cs-137 2.76E+003 1.92E-015 5.07E-012 5.30E-012 1.40E-008 

Mn-54 1.45E+000 3.84E-018 7.61E-013 5.58E-018 1.10E-012 

Zn-65 8.64E-001 1.34E-017 5.07E-013 1.16E-017 4.38E-013 

Normal 
operation - 
Liquid waste 
processing 
room 

Ce-144 5.73E+002 4.18E-018 2.95E-013 2.40E-015 1.69E-010 

  Eu-154 9.30E+001 4.92E-017 1.01E-011 4.58E-015 9.39E-010 

Eu-155 5.19E+001 1.41E-018 3.17E-013 7.32E-017 1.65E-011 

Nb-95 1.49E+000 7.43E-017 8.24E-014 1.11E-016 1.23E-013 

Ru-106 2.33E+002 1.05E-017 5.70E-013 2.44E-015 1.33E-010 

Sb-125 2.22E+001 6.42E-018 1.30E-012 1.43E-016 2.89E-011 

Total       5.76E-012 1.99E-008 
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Scenario Nuclide Release rate 
(Bq/y) 

DCFair,norm 
Studsvik 
(Sv/Bq) 

DCFair,norm 
SAFRAN 
(Sv/Bq) 

Dose rate 
Studsvik 
(Sv/y) 

Dose rate 
SAFRAN 
(Sv/y) 

  Am-241 2.40E+001 5.76E-015 2.50E-011 1.38E-013 6.00E-010 

Co-60 1.01E+002 6.46E-017 1.30E-011 6.52E-015 1.31E-009 

Cs-134 1.24E+003 3.09E-016 3.11E-012 3.83E-013 3.86E-009 

Cs-137 3.80E+003 1.92E-015 5.07E-012 7.30E-012 1.93E-008 

Mn-54 2.69E+000 3.84E-018 7.61E-013 1.03E-017 2.05E-012 

Zn-65 8.64E-001 1.34E-017 5.07E-013 1.16E-017 4.38E-013 

Ag-110m 3.14E-001 1.10E-017 2.00E-012 3.45E-018 6.28E-013 

Ce-144 7.61E+002 4.18E-018 2.95E-013 3.18E-015 2.24E-010 

Cm-242 1.53E+000 3.53E-016 2.88E-012 5.40E-016 4.41E-012 
Normal 
operation - 
Sludge tank Cm-244 3.15E+001 3.42E-015 1.55E-011 1.08E-013 4.88E-010 

  

Eu-154 1.24E+002 4.92E-017 1.01E-011 6.10E-015 1.25E-009 

Eu-155 6.54E+001 1.41E-018 3.17E-013 9.22E-017 2.07E-011 

Nb-95 1.49E+000 7.43E-017 8.24E-014 1.11E-016 1.23E-013 

Pu-238 2.49E+001 6.58E-015 2.66E-011 1.64E-013 6.62E-010 

Pu-239 5.97E+000 7.18E-015 2.92E-011 4.29E-014 1.74E-010 

Ru-106 3.69E+002 1.05E-017 5.70E-013 3.87E-015 2.10E-010 

Sb-125 2.71E+001 6.42E-018 1.30E-012 1.74E-016 3.52E-011 

Total       8.15E-012 2.81E-008 
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Scenario Nuclide Release rate 
(Bq/y) 

DCFair,norm 
Studsvik 
(Sv/Bq) 

DCFair,norm 
SAFRAN 
(Sv/Bq) 

Dose rate 
Studsvik 
(Sv/y) 

Dose rate 
SAFRAN 
(Sv/y) 

  Co-60 1.81E+005 6.46E-017 1.30E-011 1.17E-011 2.35E-006 

Cs-137 2.80E+001 1.92E-015 5.07E-012 5.38E-014 1.42E-010 

Mn-54 2.31E+002 3.84E-018 7.61E-013 8.87E-016 1.76E-010 
Normal 
operation - 
Solid waste 
hot cell 

Cs-134 1.28E+001 3.09E-016 3.11E-012 3.96E-015 3.98E-011 

  

Zn-65 6.33E+000 1.34E-017 5.07E-013 8.48E-017 3.21E-012 

Total       1.18E-011 2.35E-006 

  Am-241 3.14E-001 5.76E-015 2.50E-011 1.81E-015 7.84E-012 

Co-60 1.01E+002 6.46E-017 1.30E-011 6.55E-015 1.32E-009 

Cs-134 1.24E+003 3.09E-016 3.11E-012 3.82E-013 3.85E-009 

Cs-137 3.80E+003 1.92E-015 5.07E-012 7.29E-012 1.92E-008 

Mn-54 2.69E+000 3.84E-018 7.61E-013 1.03E-017 2.04E-012 

Zn-65 8.64E-001 1.34E-017 5.07E-013 1.16E-017 4.38E-013 

Ce-144 7.61E+002 4.18E-018 2.95E-013 3.18E-015 2.24E-010 

Cm-242 1.53E+000 3.53E-016 2.88E-012 5.40E-016 4.41E-012 

Normal 
operation - 
Solidification 
room 

Cm-244 3.15E+001 3.42E-015 1.55E-011 1.08E-013 4.88E-010 

  Eu-154 1.24E+002 4.92E-017 1.01E-011 6.12E-015 1.26E-009 

Eu-155 6.54E+001 1.41E-018 3.17E-013 9.22E-017 2.07E-011 

Nb-95 1.49E+000 7.43E-017 8.24E-014 1.11E-016 1.23E-013 

Pu-238 2.49E+001 6.58E-015 2.66E-011 1.64E-013 6.62E-010 

Pu-239 5.97E+000 7.18E-015 2.92E-011 4.29E-014 1.74E-010 

Ru-106 3.69E+002 1.05E-017 5.70E-013 3.87E-015 2.10E-010 

Sb-125 2.70E+001 6.42E-018 1.30E-012 1.73E-016 3.51E-011 

Total       8.01E-012 2.75E-008 

Total         3.44E-011 2.43E-006 
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Table 1 shows the results using both SAFRAN’s database values as well 
as Studsvik’s site specific dose coefficients. The results are dose rates of 
2 430 nSv/y and 0.0344 nSv/y for the two calculations, respectively. The 
release rates used are not measured values, but assumed values based on 
the author’s estimates of waste throughput and release fractions. They 
should not be considered as representative values for the actual release.  
 
The release from each area and nuclide was well below the screening 
release, i.e. the HQ value was below 1. 
 
While no calculations were done for inhalation dose, it was observed 
from a quick comparison of a few values that SAFRAN’s database 
coefficients for inhalation dose are of a similar order of magnitude as 
those of Studsvik. With estimates on the time and concentration workers 
are exposed to, SAFRAN would have yielded a similar result as those 
calculations Studsvik would have done. 
 
 
5.5.2 Fire in the solid waste management cell 

5.5.2.1 Scenario description 

A fire erupts in the cell due to incoming waste containing explosive 
material. The resulting fire burns at 1 000 C and lasts for one hour. 
 
 
5.5.2.2 Assumptions 

The fire is considered to start while batch 4155 is being processed, see 
Appendix A. The specific batch (as well as the vast majority of the 
incoming waste) contains scrap metal, which would neither explode nor 
burn. The initiating event itself is therefore a very unlikely event. It is, 
however, here assumed that the waste includes something explosive and 
flammable. It is furthermore assumed that no automatic fire suppression 
systems are active. 
 
The waste in the batch considered contains Co-60, Zn-65, Cs-134 and 
Cs-137. The Co-60 is a neutron activation product in the steel, and is 
likely to be bound to the material. A fire of 1 000 C is unlikely to cause 
a release of such bound nuclides. The same assumption is made for 
Zn-65. It should, however, be noted that in the case of Zn-65 the extent 
to which it is bound is dependent on the specific waste and consequently 
whether the Zn-65 contamination is in metallic or oxide form. The 
assumption here is that it is in an oxide form, which is likely in the case 
of waste coming from the vicinity of a reactor. The metallic form is more 
likely if the Zn comes from e.g. surface paint containing Zn. 
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The caesium isotopes are, however, considered to be loosely bound 
surface contamination. This activity will be fully released during the fire. 
 
It should be noted that these release fractions are mere assumptions of 
processes that are dependent on the specific waste and its chemical 
characteristics. Those used here are based on discussions with Studsvik 
employees with experience in waste treatment [Lindberg, 2010]. 
 
The filter in the hot cell is considered out of operation due to damage 
from the explosion. The filter in the main ventilation is functioning with 
a filtration efficiency of 99.95 %. In this scenario only dose to the public 
is considered. 
 
In this and the following calculations both SAFRAN’s and Studsvik’s 
accidental scenario dose coefficients are used and compared. The 
differences in the values are likely due to different assumptions made in 
their derivation. This includes factors such as distance to the critical 
group, weather conditions, etc. 
 
 
5.5.2.3 Calculations 

The relevant data was entered into the previously described impact 
tables. 
 
 
5.5.2.4 Results 

Table 2 shows the results using both SAFRAN’s database values as well 
as Studsvik’s site specific dose coefficient. 
 
Table 2 
Results obtained from the scenario “Fire in the hot cell” using 
SAFRAN’s database dose coefficient values and Studsvik’s site specific 
dose coefficients. 
 

Scenario Nuclide Release 
outside  

(Bq) 

DCFair,acc 
Studsvik 
(Sv/Bq) 

DCFair,acc 
SAFRAN 
(Sv/Bq) 

Dose 
Studsvik 

(Sv) 

Dose 
SAFRAN 

(Sv) 

  Co-60 0 7.56E-014 6.81E-013 0 0 

Cs-134 6.40E+005 1.90E-014 4.27E-013 1.21E-008 2.73E-007 

Fire in the 
cell 

Cs-137 1.40E+006 4.72E-014 2.71E-013 6.60E-008 3.79E-007 

  Zn-65 0 2.43E-015 1.04E-013 0 0 

Total       7.82E-008 6.53E-007 
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The results are doses of 0.65 Sv and 0.078 Sv for the two calculations, 
respectively.  
 
For several nuclides the HQ value was above 1. 
 
 
5.5.3 Fire in the whole ILW Facility 

5.5.3.1 Scenario description 

A fire engulfs the whole ILW Facility as a result of external causes such 
as lightning.  
 
As in the previous case the fire will be considered to burn at 1 000 C 
and to last for 1 hour. Again only doses to the public were considered. 
 
 
5.5.3.2 Assumptions 

To test how SAFRAN handles specific locations of waste, the liquid 
waste was considered to be in their respective tank for sludge and ion-
exchange resin. The solid waste was considered to be in the temporary 
storage room. 
 
The location of the solid waste introduces an unrealistic conservatism in 
the calculation, as it is difficult to assume that such a fire would have any 
major impact on waste packaged in drums that is further packaged into 
sealed concrete moulds. However, in order to have a larger quantity of 
activity to use in the calculation, this was disregarded from. 
 
Metallic nuclides in the solid waste were considered to be bound while 
non-metallic nuclides were released. For the liquid waste all nuclides 
were considered released. 
 
No filtration is taken into account as the filters were considered to be 
destroyed in the fire. It is also assumed that no automatic fire suppression 
systems are active. 
 
 
5.5.3.3 Calculations 

The calculations followed the same procedure as the previous scenario. 
The only difference was, as mentioned, that every waste stream is present 
in all rooms wherein it undergoes a waste management activity. Since the 
waste was considered to be at a specific location in this scenario the 
checkboxes for the other locations have to be unchecked in SAFRAN’s 
“HQ (release to air, inside)” table. 
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5.5.3.4 Results 

Table 3 
Results obtained from the scenario “Fire in the whole ILW Facility” using SAFRAN’s 
database dose coefficient values and Studsvik’s site specific dose coefficients. 

 

Scenario Nuclide Release 
outside  

(Bq) 

DCFair,acc 
Studsvik 
(Sv/Bq) 

DCFair,acc 
SAFRAN 
(Sv/Bq) 

Dose Studsvik  
 

(Sv) 

Dose SAFRAN  
 

(Sv) 

  Co-60 3.59E+09 7.56E-014 6.81E-013 2.72E-004 2.45E-003 

Cs-134 1.38E+10 1.90E-014 4.27E-013 2.63E-004 5.92E-003 

Cs-137 9.85E+010 4.72E-014 2.71E-013 4.64E-003 2.67E-002 

Zn-65 2.26E+004 2.43E-015 1.04E-013 5.49E-011 2.35E-009 

Mn-54 8.80E+007 4.32E-015 1.29E-013 3.80E-007 1.14E-005 

Te-132 5.91E+002 3.10E-016 1.16E-014 1.83E-013 6.86E-012 

Ag-110m 2.09E+07 1.18E-014 6.21E-013 2.48E-007 1.30E-005 

Am-241 4.28E+08 5.46E-012 2.79E-011 2.34E-003 1.19E-002 

Ce-144 1.25E+10 3.09E-015 3.74E-013 3.87E-005 4.68E-003 

Cm-242 1.02E+08 3.35E-013 3.22E-012 3.43E-005 3.30E-004 

Cm-244 2.12E+09 3.24E-012 1.78E-011 6.90E-003 3.79E-002 
ILW fire 

Eu-154 2.09E+09 5.84E-014 3.44E-013 1.22E-004 7.20E-004 
  

Eu-155 9.00E+08 1.43E-015 3.46E-014 1.29E-006 3.12E-005 

Pu-238 1.69E+09 6.30E-012 3.07E-011 1.07E-002 5.20E-002 

Pu-239 4.03E+08 6.88E-012 3.34E-011 2.77E-003 1.35E-002 

Ru-106 9.28E+09 3.72E-015 4.97E-013 3.45E-005 4.61E-003 

Sb-125 3.29E+08 7.06E-015 1.34E-013 2.33E-006 4.42E-005 

Nb-95 3.89E+004 5.64E-016 3.65E-014 2.19E-011 1.42E-009 

U-234 9.60E+004 5.34E-013 2.93E-012 5.13E-008 2.81E-007 

U-235 7.20E+004 4.98E-013 2.62E-012 3.59E-008 1.89E-007 

U-238 6.60E+004 4.56E-013 2.65E-012 3.01E-008 1.75E-007 

Total       2.81E-002 1.61E-001 

 
 
Table 3 shows the results using both SAFRAN’s database values as well 
as Studsvik’s site specific dose coefficient. 
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SAFRAN’s database values give a dose to the public of 161 mSv while 
Studsvik’s own site specific coefficients give 28.1 mSv. 
 
For several nuclides the HQ value was above 1. 
 
 
5.5.4 Filter failure 

5.5.4.1 Scenario description 

The filtration system breaks down causing contaminated air to be 
released to the outside unfiltered. 
 
 
5.5.4.2 Assumptions 

In this scenario both filters are considered non-functional. 
 
While the main filtration could conceivably break down due to e.g. 
physical damage to the roof, it is very unlikely that such an occurrence 
would go unnoticed. It is furthermore unlikely that both systems would 
be affected at the same time. 
 
To calculate the air contamination levels an estimate of air release 
fraction of 5 per mille for the solid waste in the hot cell, and 
0.01 per mille from the liquid waste tanks was used. The temporary 
storage area is considered non-contaminated. 
 
 
5.5.4.3 Calculations 

The calculation method is the same as in the previous case. 
 
For solid waste it was assumed that batch 4143 (see Appendix A.1) 
currently is being processed in the cell, while the liquid waste will be 
considered to be present in the tanks as well as in the following steps. 
 
 
5.5.4.4 Results 

The results from using both methods are shown in Table 4 below. 
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Table 4 
Results obtained from the scenario “Filter failure” using SAFRAN’s database dose 
coefficient values and Studsvik’s site specific dose coefficients. 

 

Scenario Nuclide Release outside 
 

(Bq) 

DCFair,acc 
Studsvik 
(Sv/Bq) 

DCFair,acc 
SAFRAN  
(Sv/Bq) 

Dose Studsvik  
 

(Sv) 

Dose 
SAFRAN 

(Sv) 

  Co-60 8.65E+010 7.56E-014 6.81E-013 6.54E-003 5.89E-002

Cs-137 5.56E+007 4.72E-014 2.71E-013 2.62E-006 1.51E-005

Mn-54 1.16E+008 4.32E-015 1.29E-013 4.99E-007 1.49E-005

Cs-134 1.74E+007 1.90E-014 4.27E-013 3.29E-007 7.41E-006

Am-241 3.22E+005 5.46E-012 2.79E-011 1.76E-006 8.97E-006

Ce-144 1.01E+007 3.09E-015 3.74E-013 3.14E-008 3.79E-006

Eu-154 1.66E+006 5.84E-014 3.44E-013 9.69E-008 5.70E-007

Eu-155 8.72E+005 1.43E-015 3.46E-014 1.25E-009 3.02E-008

Nb-95 1.98E+004 5.64E-016 3.65E-014 1.12E-011 7.24E-010

Ru-106 4.96E+006 3.72E-015 4.97E-013 1.84E-008 2.46E-006

Filter failure Sb-125 3.62E+005 7.06E-015 1.34E-013 2.56E-009 4.85E-008

  Zn-65 1.15E+004 2.43E-015 1.04E-013 2.80E-011 1.20E-009

Ag-110m 4.18E+003 1.18E-014 6.21E-013 4.95E-011 2.60E-009

Cm-242 2.05E+004 3.35E-013 3.22E-012 6.85E-009 6.59E-008

Cm-244 4.26E+005 3.24E-012 1.78E-011 1.38E-006 7.57E-006

Pu-238 3.39E+005 6.30E-012 3.07E-011 2.13E-006 1.04E-005

Pu-239 8.07E+004 6.88E-012 3.34E-011 5.55E-007 2.69E-006

U-234 1.92E+001 5.34E-013 2.93E-012 1.03E-011 5.63E-011

U-235 1.44E+001 4.98E-013 2.62E-012 7.17E-012 3.77E-011

U-238 1.32E+001 4.56E-013 2.65E-012 6.02E-012 3.50E-011

Total       6.55E-003 5.90E-002

 
 
SAFRAN’s database values give a dose to the public of 59 mSv while 
Studsvik’s own site specific coefficients give 6.55 mSv. 
 
For several nuclides the HQ value was above 1. 
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5.5.5 Filter failure in the main ventilation 

5.5.5.1 Scenario description 

The filtration in the main ventilation breaks down and releases air from 
the facility unfiltered. 
 
 
5.5.5.2 Assumptions 

To calculate the released contamination the same values were used as in 
the previous scenario.  
 
The filter in the hot cell was considered functional in this scenario. 
 
The postulated initiating events (PIE) are the same as in the previous 
case. 
 
 
5.5.5.3 Calculations 

The calculation method is the same as in the previous case. 
 
For solid waste it was assumed that batch 4143 (see Appendix A.1) is 
currently being processed in the cell, while the liquid waste was 
considered to be present in the tanks as well as in the following steps. 
 
A minor problem was discovered while performing these calculations. 
The table “HQ (release to air inside)” is waste component specific while 
“HQ (release to air outside)” is nuclide specific. Since this scenario used 
different filtration efficiencies for different waste components this lead to 
a problem since the filtration efficiency represents an input to the nuclide 
specific table. A workaround was done by modifying the airborne release 
fraction to incorporate the filtration efficiency. This problem has been 
reported to Facilia. 
 
 
5.5.5.4 Results 

The results of the two methods are shown in Table 5. 
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Table 5 
Results obtained from the scenario “Filter failure in the main ventilation” using 
SAFRAN’s database dose coefficient values and Studsvik’s site specific dose 
coefficients. 

 

Scenario Nuclide Release outside 
 

(Bq) 

DCFair,acc 
Studsvik 
(Sv/Bq) 

DCFair,acc 
SAFRAN  
(Sv/Bq) 

Dose Studsvik 
 

(Sv) 

Dose 
SAFRAN 

(Sv) 

  Co-60 4.47E+007 7.56E-014 6.81E-013 3.38E-006 3.04E-005 

Cs-137 5.56E+007 4.72E-014 2.71E-013 2.62E-006 1.51E-005 

Mn-54 9.47E+004 4.32E-015 1.29E-013 4.09E-010 1.22E-008 

Cs-134 1.74E+007 1.90E-014 4.27E-013 3.29E-007 7.41E-006 

Am-241 3.22E+005 5.46E-012 2.79E-011 1.76E-006 8.97E-006 

Ce-144 1.01E+007 3.09E-015 3.74E-013 3.14E-008 3.79E-006 

Eu-154 1.66E+006 5.84E-014 3.44E-013 9.69E-008 5.70E-007 

Eu-155 8.72E+005 1.43E-015 3.46E-014 1.25E-009 3.02E-008 

Nb-95 1.98E+004 5.64E-016 3.65E-014 1.12E-011 7.24E-010 

Ru-106 4.96E+006 3.72E-015 4.97E-013 1.84E-008 2.46E-006 

Ventilation 
filter failure 

Sb-125 3.62E+005 7.06E-015 1.34E-013 2.56E-009 4.85E-008 

  Zn-65 1.15E+004 2.43E-015 1.04E-013 2.80E-011 1.20E-009 

Ag-110m 4.18E+003 1.18E-014 6.21E-013 4.95E-011 2.60E-009 

Cm-242 2.05E+004 3.35E-013 3.22E-012 6.85E-009 6.59E-008 

Cm-244 4.26E+005 3.24E-012 1.78E-011 1.38E-006 7.57E-006 

Pu-238 3.39E+005 6.30E-012 3.07E-011 2.13E-006 1.04E-005 

Pu-239 8.07E+004 6.88E-012 3.34E-011 5.55E-007 2.69E-006 

U-234 1.92E+001 5.34E-013 2.93E-012 1.03E-011 5.63E-011 

U-235 1.44E+001 4.98E-013 2.62E-012 7.17E-012 3.77E-011 

U-238 1.32E+001 4.56E-013 2.65E-012 6.02E-012 3.50E-011 

Total       1.23E-005 8.95E-005 

 
 
SAFRAN’s database values gave a dose to the public of 89.5 Sv while 
Studsvik’s own site specific coefficients gave 12.3 Sv.  
 
For several nuclides the HQ value was above 1. 
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5.5.6 Sludge tank rupture 

5.5.6.1 Scenario description 

The sludge tank ruptures resulting leakage of the contents onto the floor. 
A worker has to enter the tank room for cleaning the room for 0.5 hour. 
 
 
5.5.6.2 Assumptions 

The rupture was assumed to occur at the bottom of one of the tanks, 
causing sludge to spill out. The PIEs involved neglected maintenance in 
conjunction with heavy load, and a physical damaging event, such as 
deliberate sabotage. There were predefined PIE types in the database for 
this scenario.  
 
The sludge tank room has a floor area of about 12 m2. Since it is easier 
from a calculation point of view to use circular sources, such a floor area 
would correspond to a circular floor of radius about 1.95 m. If it is 
assumed that all the sludge in one full tank of 3 m3 spills onto the floor, 
this would correspond to a circular sludge slab of about 0.25 m in 
thickness on the floor. The room has a protective door step allowing for a 
fluid volume of 3.1 m3 to leak out without causing an overflow. 
 
It was assumed that a worker had to perform initial work for about half 
an hour. As there is no rigorous full body dose calculation tool in 
SAFRAN the dose rate at one meter above the centre of the slab was 
instead calculated and compared using SAFRAN’s SAFCALC model 
and a calculation in the Microshield software.  
 
 
5.5.6.3 Calculations 

Using SAFCALC’s ”disc with shield” model, the dose rate at one meter 
distance was calculated with an activity for 3 m3 of sludge and a shield 
thickness of 0 m (since there is no shielding material in this case). 
 
 
5.5.6.4 Results 

SAFCALC calculated a dose rate of 2.9 mSv/h at 1 m above the centre of 
the room, while Microshield gave a dose rate of about 0.6 mSv/h.  
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5.5.7 Mould drop 

5.5.7.1 Scenario description 

A full concrete mould is dropped from a height of about 2 m. A worker 
has to perform initial cleaning and repair work during 0.5 hour. 
 
 
5.5.7.2 Assumptions 

It was assumed that the drop would not break the mould. Experience 
from drop tests of similar packages shows this to be realistic. 
 
It was also assumed that a worker must perform some sort of cleaning 
and reparative work at about one meters distance from the mould. For 
simplicity, the calculations were performed and compared for receiving a 
dose at a point one meter away from the mould. In order to calculate a 
full body dose an integration of several such points would have to be 
made, as well as taking in to consideration the protective radiation safety 
gear the worker is wearing. 
 
 
5.5.7.3 Calculations 

SAFRAN has a model for calculating dose rates from shielded cubical 
sources. This model however, does not take into consideration the 
internal distribution of the waste. In order to take this into consideration 
the calculation was performed by using the shielded drum model and 
separately calculating results from each double lid drum. When 
calculating the dose rate from the outer positions the centre slot was 
modelled as part of the shielding concrete since only one layer could be 
calculated simultaneously. The one meter dose rates were then added to 
give the total result. 
 
Build-up in the source is neglected since it is not fully implemented in 
SAFCALC at the time of writing. 
 
Results were compared to those of a similar calculation made in 
Microshield. In addition a reference calculation is made in Microshield 
taking into account build-up. 
 
 
5.5.7.4 Results 

SAFRAN gave a result of approximately 33 mSv/h while Microshield 
gave a result of 12 mSv/h. 
 
When build-up was included in Microshield the result was 74.5 mSv/h. 
This should be compared to the calculated value of 83 mSv/h registered 
as the actual 1 m dose rate derived from the measured surface dose rate.  



STUDSVIK NUCLEAR AB N-11/007 Rev. 1 39 
 2011-01-11 
 2011-05-16 Rev. 

 

6 Implementation of DS284 in SAFRAN 

SAFRAN was found in general to be a good application of the 
methodology as it is described in the draft document DS284. 
 
It is our conclusion that SAFRAN is able to either directly implement or 
at least be a useful tool in applying the steps as outlined in the document. 
There are, however, a few points where additional improvements could 
be implemented for further agreement with the DS284. 
 
 
6.1 Calculations 

An important part of DS284 concerns development, implementation and 
use of calculation models for the assessment of operational safety as well 
as accidental scenario impacts [IAEA, 2010]. The document stresses the 
use of different models as well as the usage of different degrees of con-
servatism. SAFRAN has, in its current version, a lack of options when it 
comes to using different models. Furthermore, the currently implemented 
models have consequently given results that are conservative as 
compared to Studsvik’s own site specific models and/or measurements. 
This is, of course, a consequence of the fact that such impacts are site and 
waste form specific and that, in turn, what is deemed conservative in one 
case might be perfectly reasonable in another. Our conclusion is however 
that for our specific facility the built in model results are not really useful 
due to this. A possible partial remedy already exists as there are 
additional calculation tools for example for calculating more site specific 
dose factors for nuclide release based on the site specific data such as 
meteorological factors. These models have not yet been validated. 
 
A possible improvement would be, in the case of dose coefficients, to 
add an option in the form of a drop down menu where the user could 
choose from different preset facility conditions. Then more relevant dose 
coefficients could be used without the need to perform a full site specific 
analysis. By implementing such an option the user could assess the result 
from scenarios where different sets of coefficients of varying con-
servatism are used and thereafter decide whether a more rigorous 
analysis is required. 
 
There is also mentioned in DS284 that assessment should be conducted 
on non-human biota such as plants and animals. No such models are 
currently implemented in SAFRAN, which only focuses on human 
impacts. Implementing this would require new site specific models that 
take into account the biota situation as well as soil characteristics etc. 
 
Waste form is also a property to improve in the SAFRAN software. In 
the current version there are not many options for describing the physical 
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and geometrical properties of the waste packages. As the physical 
properties are relevant to the radiological consequences in an accidental 
scenario this would be valuable to implement. For example, the cal-
culation tools implemented for external dose calculations use relatively 
simple models where waste packages are described with simple 
geometries and homogeneous contamination. This can be a major 
misrepresentation of the actual waste packages where waste is placed 
optimally in order to minimize the external radiation levels. 
 
There is also a lack of uncertainty analysis in the current implementation. 
 
We do, however, have an understanding of the way the calculation 
models have been implemented. What we, from a user’s point of view, 
might find desirable is also from our own engineering viewpoint not easy 
to implement. There are, after all, endless possibilities in design of 
facilities and waste packages that a relatively simple and free to use 
software cannot be expected to be able to handle. 
 
 
6.2 Development and justification of scenarios 

This important part of the DS284-document is already well implemented 
in SAFRAN. As scenarios will necessarily be specific to the procedures 
and conditions of the modelled plant, SAFRAN offers help in providing a 
list of potential initiating events (PIEs) in different categories that the 
user can employ as a starting point for assessing relevant scenarios. 
However, as they are currently implemented in the software, the lists 
could use some definitions to clarify and differentiate between the 
different PIEs. Also, by going through these lists SAFRAN requires a 
justification in the case the user decides that the PIE is irrelevant in the 
safety assessment. This agrees well with the DS284 document which 
stresses the need for justifications that can later be re-evaluated. 
 
In DS284, the accidental scenarios are subcategorized into anticipated 
operational occurrences (events that can be expected to happen once 
during the facility lifetime) and design basis accidents (unlikely and 
unexpected events that still have been taken into consideration in the 
design of the facility and should not release activity beyond acceptable 
amounts). In SAFRAN there is no such subcategorization. This does not, 
however, impact the essential analysis since the difference between the 
categories relies in the assumptions that are made.  
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7 Comparison with the previous Studsvik Test 
Case  

During 2008 Studsvik performed the Studsvik Test Case to evaluate the 
pre-release version of SAFRAN available at that time. The project gave 
as a result a list of 50 proposals for improvement of the software from a 
user’s point of view. These included minor bug fixes, bigger func-
tionality issues as well as improvements in the documentation [Bejarano 
& Tiberg, 2008]. 
 
Many of these proposals from the earlier version are hard to compare to 
today’s version since SAFRAN has gone through many changes during 
the two years that have passed.  
 
It is obvious from the findings in this report that there have been far less 
issues encountered in the current project than in the 2008 test case. This 
indicates that the developer, Facilia, has listened to the concerns and 
suggestions of the many international users involved during the 
following development. 
 
There are, however, a few items from the list that still are not implemented. 
 
These items include: 

 Comments on the documentation, both the internal help 
menus as well as supplied tutorials. In the current project 
these same points have been raised, as there are no up to 
date tutorials for the current version.  

 Confusion with project file location and “save as”-
functionality. In the current projects these same points have 
been raised, but to a lesser extent as the problem and 
confusion do not seem to be as large as they were in the 
previous case.  

 There was previously no undo functionality. Such a 
function has now been implemented, but to what extent is 
somewhat uncertain. It does not work, for example, on 
renaming, but does work when adding for example an area. 

 
Of these the internal help and tutorials issue is deemed the most 
important to continue to work on, especially now when SAFRAN 1.0 is 
open for free use. 
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8 Results, findings and discussion 

8.1 SAFRAN general 

We have found that SAFRAN can be a good and helpful tool for carrying 
out safety assessment. It is important though that the user understands its 
limitations. 
 
Provided that the user models a facility with somewhat static conditions 
(e.g. waste characteristics) and has already performed initial safety 
calculations (e.g. calculated site specific dose coefficients) SAFRAN can 
be a good tool both for visualisation and as a means to perform safety 
assessments.  
 
The situation is a bit more complex when it comes to highly dynamic 
facilities where waste characteristics vary and the subsequent waste 
management activities depend on them. It should, however, be noted that 
this is not a problem exclusive to SAFRAN, as any safety assessment 
will face the same problem. 
 
Our conclusion is that at the current stage it is unlikely that SAFRAN can 
be used as the only tool in performing safety assessment, but that it can 
be a helpful tool in the process. It is, however, important that knowledge 
about the facility modelled is good in order to evaluate the trustworthy-
ness of the results given by SAFRAN before they are further used. 
 
 
8.2 SAFRAN user friendliness 

8.2.1 Tutorials and help 

When the project started there was some confusion on how to begin the 
modelling process. As there were no up-to-date tutorials or help file 
available, we instead had to rely on the old tutorials and on the test case 
files from other similar projects. This confusion did not, however, last 
very long, and quite soon the structure and functions of SAFRAN felt 
more organised and logical. As much of the work is similar and even 
repetitive, self-learning works well. Yet the need for documentation to 
start using the program is recognized. 
 
With up-to-date tutorials much of the initial confusion can certainly be 
avoided, and with a functional help menu or similar option the continuing 
work is likely to progress smoother. This is especially important when 
considering the wide range of facilities and activities intended user is 
likely to model.
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Clear tutorials and information should therefore be written.  
 
SAFRAN should also include information on how to report bugs and 
suggested improvements. This is currently done on SAFRAN’s website 
using the Bugzilla system. 
 
Having some computer experience is recommended when working with 
software such as SAFRAN. Having the patience and the will to learn a 
new and complex software is very helpful. 
 
 
8.2.2 Abbreviations 

We also found it somewhat difficult that there were a few important 
abbreviations that were not explained in the software. It would have been 
helpful to either have them explained or the terms non-abbreviated. This 
was reported to Facilia, and some of it has already been alleviated. 
 
 
8.2.3 Saving 

Saving the project file was another function that caused some initial 
confusion. SAFRAN creates folders accompanying the project file, and 
moves the file into that folder. Previously, the ‘save as’ function also 
removed the original file, which is not consistent with the way such a 
function normally works. This was subsequently fixed by Facilia. 
 
Such behaviour can cause some problems, especially in the case of 
several people working on the same project on different computers. 
 
 
8.2.4 Other minor inconveniences 

Several other minor inconveniences have been found during the project. 
This includes findings such as drop-box-texts not being adjusted to the 
screen size to unite errors in tables. 
 
Such items have been reported as improvements to Facilia. 
 
 



STUDSVIK NUCLEAR AB N-11/007 Rev. 1 44 
 2011-01-11 
 2011-05-16 Rev. 

 

8.3 SAFRAN modelling 

8.3.1 Static vs. dynamic situations 

SAFRAN has good basic functionality when it comes to modelling 
facilities and their applied waste management activities. In this project 
we were able to model most of the facility as it functions in reality. This 
is, however, based on a static waste situation where the same kind of 
waste is processed continuously. As it has been mentioned earlier, with 
varying waste characteristics and with waste management activities 
depending on them, the modelling becomes more difficult. This was for 
example found when modelling the solidification area in the current 
application case, where in reality a variable amount of cement is added 
for solidification depending on the specific waste characteristics. 
 
In the IAEA draft document, DS284, it is stated that you should be able 
to take into consideration “the effects of variation in input materials”. 
This is, however, not a requirement for more conservative models such 
as the one in the current project. We do, however, recommend some kind 
of improvement in this matter even though this problem probably has no 
simple quick fix. 
 
 
8.3.2 Geometrical packaging information 

Currently there is no way to model waste packages further being 
packaged into larger units, as in the case of the 80 liter double lid drums 
being packaged into five slot concrete moulds. Such situations are 
common in real facilities and being able to model them would be 
positive.  
 
Therefore we recommend more advanced package information being 
implemented. 
 
 
8.3.3 Visualisation and overview 

There were some initial problems with getting a good overview of the 
different waste components present in certain areas. This due to the way 
such components were presented using names for the corresponding 
processes as well as the name of the activity’s output waste components. 
This proved to be one of the major sources of errors done in calculations 
in this application case. 
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This has been reported to Facilia and some work has already been done 
to alleviate it. At the time of writing SAFRAN specifies whether the 
waste component corresponds to an ingoing or outgoing component into 
a certain process. This can for example be used for filtering information 
in tables to increase the overview. In discussions with Facilia additional 
measures, such as colour coding of components depending on their 
inclusion status in scenario formulations, have been proposed. 
 
Waste diagrams also presented similar problems, but these too have been 
corrected by Facilia. In this case icons were given to the “bubbles” in the 
diagram specifying whether it represents a process or waste component.  
 
 
8.4 SAFRAN calculations 

8.4.1 Calculations results 

A main goal of the project was to perform safety assessment calculations 
using SAFRAN’s calculation tools and to compare them to Studsvik’s 
own models, similar to those used in the safety case assessment for the 
ILW facility. 
 
In the scenarios calculated during the project SAFRAN’s results have 
consequently been larger. For normal operation assessment SAFRAN’s 
results were 70 000 times larger than those of Studsvik’s own 
calculations.  
 
The reason for this is a difference in database dose coefficient (for 
release to air). SAFRAN’s values are likely based on facilities situated 
much closer to the critical group under consideration. The Studsvik site, 
however, is situated far from population centres and close to the ocean, 
which means that a far smaller dose to the public is received than in the 
case of a facility surrounded by housing. 
 
This means that the default database coefficients are less suitable in the 
present normal operation safety assessment. One remedy would be to 
include different sets of coefficients based on different kinds of facilities. 
With a proper description of the assumptions done for each set the user 
could select coefficients more suitable for the specific facility. 
 
As long as there is only one set it is still good that they are conservative 
and less likely to give erroneous values on the low side. 
 



STUDSVIK NUCLEAR AB N-11/007 Rev. 1 46 
 2011-01-11 
 2011-05-16 Rev. 

 

For accidental scenarios the difference was comparatively smaller, about 
one order of magnitude. As in the case of normal operation dose coef-
ficients there are differences in values due to site specific factors. The 
difference is, however, much smaller due to the similar assumptions 
made about weather conditions, i.e. that such conditions as to maximize 
the dose to the critical group are used.  
 
We do, however, recommend the users of the SAFRAN software to use 
their own dose coefficients in both assessment types if available. 
 
SAFRAN does also provide functionality to calculate dose coefficients 
provided the user has the necessary weather data. This was, however, not 
tested in this application case. 
 
Inhalation dose coefficients are of the same order of magnitude as 
Studsvik’s used coefficients. These are based on biological data and 
assumptions and do not vary much.   
 
SAFRAN also has screening values that are used as comparison values in 
scenario calculations. These are intended to be used as a limit to warn the 
user that the release is high enough to warrant closer investigation. 
 
In the scenarios calculated here the HQ value was well below 1 in the 
normal operation calculations, while it was above 1 for several nuclides 
in the accidental scenarios.  
 
For normal operation calculations this was expected from previous 
calculation results. For accidental scenarios the result was also expected, 
since the release from accidents should require extra attention.   
 
 
8.4.2 Models 

During the project only two of the provided SAFCALC-models were 
used. In the sludge tank rupture case a simple geometry was used which 
is relatively easy to calculate theoretically. In the mould drop scenario, 
however, a complex geometry was assumed, and this proved harder to 
implement.  
 
At the time of writing, the SAFCALC models only have the ability to 
take into account one material, in this case concrete. The real physical 
moulds also include steel (from the drum walls) and air (inside the 
drums) and then additional concrete. Omission of this fact, including the 
order the materials are passed by the radiation, has a large impact due to 
the physical effect of varying attenuation and build-up. 
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The calculated SAFCALC results were a few times larger than those of 
similar Microshield models.  
 
Since build-up was neglected in the calculations they are incomparable 
with the calculated value found as the registered one meter dose rate. It 
is, however, noteworthy that the same model in the Microshield cal-
culation taking into account build-up came close to this value. This 
shows the importance of taking it into account. 
 
At the time of writing, the model for release to liquids has not yet been 
implemented. 
 
 
8.4.3 Multiple scenario impacts  

For each scenario the user selects an impact type. The selection then adds 
relevant tables for the specific model. In some cases it would be prefer-
able to be able to include more than one type of impact for a scenario. An 
example could be a scenario of nuclide release where both worker 
inhalation as well as public dose is calculated simultaneously. 
 
 
8.4.4 Filtration is nuclide specific rather than waste 

component specific 

When calculating releases to air outside the facility, data is entered into 
two tables, see Figures 8 and 9. The first deals with release of nuclides 
from each waste component to the room air, while the second deals with 
releases to the outside of the facility. Filtration efficiency is input in the 
latter table. This means that currently problems arise when waste 
components from areas with different filtration efficiencies have 
simultaneous releases. This could be solved by making the latter table 
waste component specific too. 
 
A workaround is to take filtration efficiency into account already when 
entering airborne release fractions from the waste components, even 
though this is physically incorrect. 
 
 
8.5 SAFRAN development 

During the project communications have been excellent with Facilia, 
providing Studsvik with support as well as giving Facilia input and 
suggestions on both minor and major issues. 
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8.6 SAFRAN’s implementation of DS284 

SAFRAN is in general a good application of the methodology as it is 
described in the draft document DS284. It is our conclusion that 
SAFRAN is able to either directly implement or at least be a useful tool 
in applying the steps as outlines in the document. There are, however, a 
few points were additional improvements could be implemented for 
further agreement with the points in DS284. 
 
This includes more and improved models with different degrees of 
conservatism, as well as dose models for biota. 
 
 
8.6.1 Scenario screening  

As suggested in DS284, SAFRAN offers help in scenario screening by 
providing lists of scenarios for the user to go through as a step in the 
scenario development process.  
 
The list is helpful, but could use some improvements for further clarity 
and differentiation between the different suggested scenarios. 
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9 Conclusions 

SAFRAN is good software to use as an aid in performing safety 
assessment for waste management facilities. It helps both in performing 
calculations as well as in visualising the waste streams in the facility. The 
software functions closely as an implementation of the DS284-document, 
but with some elements of the methodology not implemented. 
 
Modelling is done with relative ease after getting used to the software. 
To ease the learning process, however, tutorials and detailed help files 
should accompany the software. This is currently not the case. 
 
Normal operation calculation results using database values have been 
overly conservative to the point that further investigation would be 
required for safety reasons if the results were to be taken too seriously. 
The degree of conservatism can, however, be modified by the user or by 
inclusion of more options in the calculations.  
 
Accident assessment calculations have been conducted with varying 
results. Scenarios with nuclide release to air gave somewhat conservative 
values compared to Studsvik’s results, but only about one order of 
magnitude.  
 
Some limitations in the other calculations done in SAFRAN, such as 
external dose calculations, have also been found. Here too, improvements 
could be done. 
 
The final conclusion is that SAFRAN contain many useful tools for per-
forming safety assessment. Some of these tools work well either directly 
or with some user input, while others are still lacking in usefulness. 
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Activity in solid and liquid waste used in the calculations 

Solid waste 
 
 
 
 
 
 
 
 

Mould 

 Total activity Nuclide Activity 
 

Batch 4143 
 

1.76E+13 
Co-60 4.53E+10 
Mn-54 2.20E+10 

 
 
 

Batch 4155 

 
 
 

8.61E+10 

Co-60 2.76E+08 
Cs-134 3.22E+08 
Cs-137 3.06E+08 
Zn-65 4.81E+08 

Batch 4156 1.02E+11 Co-60 1.29E+08 
 

Batch 4154 
 

1.08E+10 
Co-60 3.19E+07 
Zn-65 1.17E+07 

Batch 4153 5.60E+11 Co-60 1.70E+09 
 
 

Liquid waste 
 Volume 

(m3) 
Total activity 
gamma 

Total activity 
alfa 

Nuclide Activity 

 
 
 
 
 
Sludge tank 1 

 
 
 
 
 
0.824 

 
 
 
 
 
8.27E+10 

 
 
 
 
 
2.86E+09 

Co-60 1.02E+09 
Cs-134 1.78E+10 
Eu-154 1.25E+09 
Ru-106 5.30E+09 
Cs-137 4.92E+10 
Ce-144 7.57E+09 
Eu-155 5.68E+08 
Am-241 2.72E+08 
Pu-238 1.05E+09 
Cm-242 1.02E+08 
Cm-244 1.44E+09 

 
 
 
 
 
Sludge tank 2 

 
 
 
 
 
0.824 

 
 
 
 
 
8.27E+10 

 
 
 
 
 
2.86E+09 

Co-60 1.02E+09 
Cs-134 1.78E+10 
Eu-154 1.25E+09 
Ru-106 5.30E+09 
Cs-137 4.92E+10 
Ce-144 7.57E+09 
Eu-155 5.68E+08 
Am-241 2.72E+08 
Pu-238 1.05E+09 
Cm-242 1.02E+08 
Cm-244 1.44E+09 

 
 
 
 

 
 
 
 

 
 
 
 

 
 
 
 

Mn-54 1.08E+06 
Co-60 6.24E+07 
Cs-134 8.64E+08 
Ru-106 3.96E+07 
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Ion exchange 
resin 

 
 
0.353 

 
 
6.01E+09 

 
 
1.45E+07 

Cs-137 5.04E+09 
Am-241 1.13E+06 
Pu-238 6.72E+06 
Pu-239 1.06E+06 
Cm-242 6.96E+04 
Cm-244 5.52E+06 
U-234 1.92E+04 
U-235 1.56E+04 
U-238 1.32E+04 

 
 
 
 
 
Liquid waste 
tank 1 

 
 
 
 
 
 
8 

 
 
 
 
 
 
3.29E+11 

 
 
 
 
 
 
1.16E+10 

Mn-54 9.68E+07 
Co-60 3.48E+09 
Zn-65 5.76E+07 
Nb-95 9.92W+07 
Ru-106 1.55E+10 
Sb-125 1.48E+09 
Cs-134 7.49E+10 
Cs-137 1.84E+11 
Ce-144 3.82E+10 
Eu-152 1.66E+08 
Eu-154 6.20E+09 
Eu-155 3.46E+09 
Am-241 1.18E+09 

 
 
Liquid waste 
tank 2 

 
 
 
3 

 
 
 
7.68E+07 

 
 
 
1.59E+07 

Co-60 2.57E+06 
Sb-125 8.24E+06 
Cs-134 5.38E+06 
Cs-137 1.69E+07 
Ce-144 3.38E+07 
Eu-154 5.98E+06 
Eu-155 4.00E+06 

 
 
 
 
 
Solidification 

 
 
 
 
 
0.824 

 
 
 
 
 
8.27E+10 

 
 
 
 
 
2.86E+09 

Co-60 1.02E+09 
Cs-134 1.78E+10 
Eu-154 1.25E+09 
Ru-106 5.30E+09 
Cs-137 4.92E+10 
Ce-144 7.57E+09 
Eu-155 5.68E+08 
Am-241 2.72E+08 
Pu-238 1.05E+09 
Cm-242 1.02E+08 
Cm-244 1.44E+09 

 
 


