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Abstract 

OSIRIS is a general purpose software tool which has been developed for performing 
studies of material usage, economics and environmental impacts associated with the nuclear 
fuel cycle.  It is particularly suited to the analysis of complex multiple recycling scenarios 
featuring combinations of both existing and new reactor systems. 

 
A discrete event model is used to represent the movement of material batches around the 

fuel cycle due to the operations and timings of process plants.  Nuclear materials are 
represented by state vectors, which undergo compositional changes due to radioactive decay 
and irradiation.  A library of generic plant types is provided, which are declared and 
configured in order to represent specific plants.  Reactors, front-end and back-end process 
plants, buffers, stores and material sources can be modelled.  Fuel cycle scenarios are then 
constructed by defining the material flow paths between the plants. The plant parameters and 
flow paths can be altered dynamically over the course of a scenario in order to represent 
changes in recycling strategies and retirement and replacement of process plants. Discounted 
electricity costs can be determined by assigning unit costs to all capital investments, processes 
and raw materials.  Radiotoxicity levels of waste streams can also be evaluated. 

 
The software was developed in C++ using objected oriented analysis and design 

methods.  The use of abstraction and inheritance have enabled an open-ended fuel cycle 
modelling environment to be established, into which new reactor or plant models can readily 
be integrated.  An overview of the object model, numerical modelling assumptions and the 
design and implementation of the software is presented. 
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Objectives and Applications of OSIRIS 

Existing nuclear power generation programmes are almost exclusively based upon the 
usage of uranium-based fuel in thermal reactors.  There is currently a renewed interest in the 
development of advanced reactor systems and fuel cycles to improve the utilisation of 
materials and to facilitate the recycling of spent fuel products in order to reduce the 
radiological inventories of waste streams and limit the potential environmental impact. 

 
The utilisation of existing and future stocks of separated plutonium as mixed oxide 

(MOX) fuel in thermal reactors or future fast reactor concepts is the subject of considerable 
research and development activity.  Many existing LWR designs are capable of using 
plutonium fuel to a limited extent.  New reactor concepts which can be flexibly switched 
between plutonium burning and breeding configurations will allow the legacy plutonium from 
current spent fuel reprocessing to be reused.  They will also provide a safeguard against rising 
uranium prices if breeding becomes necessary.  Partitioning and transmutation is also actively 
being studied by several countries worldwide.  This involves the separation during 
reprocessing of actindes and long-lived fission products which are significant contributors to 
the long term radiotoxicity of the high level waste stream.  The separated nuclides are then 
reintroduced into either power reactors or dedicated transmutation facilities, where they can 
be fissioned in a fast neutron flux and converted into short-lived fission products. 

 
The requirement for a general purpose model of the fuel cycle arose from these studies of 

advanced reactor and fuel cycle concepts and was identified as being complementary to 
detailed core concept design activities.  Potential future reactor systems must be considered in 
the context of the complete fuel cycle, and also possibly their integration into existing cycles.   

 
As the range of reactor concepts currently under investigation is broad and varied, whilst 

often being at an early stage of development, simple yet general purpose methods of creating 
reactor representations are required.  Often, the only sources of available data are obtained 
from preliminary or scoping core design studies.  Indeed, detailed core design studies and 
system-wide studies are closely linked and it is often desirable to perform them in an iterative 
manner. 

 
The analysis of these issues is often termed Scenario Studies.  A general purpose tool for 

performing these studies will allow arbitrary systems of reactors and fuel cycle facilities to be 
modelled, and will allow material throughputs and inventories to be assessed.  Economic and 
environmental issues are also crucial and must be considered as part of a full assessment. 

 
Preliminary scenario studies have often been based around theoretical equilibrium 

scenarios which although useful, can sometimes hide the following important points: 
 

• The capacity of a nuclear generating programme is not arbitrarily scaleable as it is 
composed of an integer number of reactors. 

• The batch refuelling system adopted by most conventional reactor types means that 
material flows in and out of reactor systems is strictly a discrete and not a continuous 
process. 

• Individual reactors have finite operational lifetimes, and there are discontinuities in 
fuel loading requirements and spent fuel arisings at the start and end of life 
respectively. 

• The dynamic transition from present fuel cycles to advanced holistic or 
multirecycling scenarios is an important issue, and requires optimisation within 
multiple constraints. 
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OSIRIS is a general purpose scenario studies tool, developed by NNC Limited, with 
funding from BNFL, designed to address these requirements.  It is implemented in C++ using 
object-oriented analysis and design techniques.  A secondary objective behind the 
development of OSIRIS was to create a range of general purpose classes for potential reuse in 
other related modelling situations.  To achieve this aim, a high degree of abstraction was 
employed. 

 
OSIRIS has been used for a variety of studies [1,2], including investigations of 

plutonium management, partitioning and transmutation strategies, and scoping studies to 
direct detailed reactor system development activities. 

 
This paper examines the features and structure of OSIRIS, provides an outline of some of 

the key models, and a brief overview of the underlying object model. 

Description and Modelling Assumptions 

Representation of the nuclear fuel cycle as a discrete event network 

At the most general level, a system for the generation of electricity using nuclear power 
consists of a number of nuclear reactors together with a range of support plants.  Support 
plants can be broadly divided into front-end and back-end.  Front-end plants are concerned 
with the manufacture of new nuclear fuel, and back-end plants with the treatment of irradiated 
fuel.  Storage facilities such as short-term buffer stores and long term repositories can also be 
considered as plants.  Associated with the generation of electricity is a flow of materials 
around the system, from one plant to another.  The movement of this material, and its 
evolution due to radioactive decay and irradiation forms the basis of the operation of OSIRIS. 

 
OSIRIS employs a discrete event representation of the fuel cycle.  An event is defined as 

an occurrence at a plant or reactor at a particular time.  When an event occurs at a particular 
plant, this may trigger an event at a connected plant or the movement of a material along a 
connection.  Most conventional reactor systems have a batch refuelling system.  The reactor 
will operate at power for a period or cycle, and will then typically shut down for a period 
whilst a fraction of the fuel elements constituting the core are removed and replaced by fresh 
elements.  The loading and unloading of fuel batches into individual reactors are thus key 
events which trigger other events upstream and downstream respectively. 

 
An OSIRIS model is constructed by the end-user in essentially three stages.  Models of 

the required reactor types are constructed using one of two generic reactor models, which are 
described later in this paper.  OSIRIS plants are then declared to represent all physical and 
logical stages within the fuel cycle, including process plants, stores, buffers and reactor parks.  
Finally, connections between plants are defined which act as material flowpaths and request 
channels. A completed model has then essentially the form of a directed graph in which the 
plants are nodes and the connections are edges. 

System modelling concepts 

Several basic concepts are employed within OSIRIS and these are outlined in this 
section. 

 
A material is a column-vector quantity, which is defined as a set of numbers 

representing the masses of each of a base set of nuclides.  The total mass of a material is the 
sum of these numbers.  This base set of nuclides is specified once in each model and all 
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nuclides of interest should be included within this base set if they are to be tracked in a model.  
A material vector is hence the fundamental data within the OSIRIS system, with : 
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Individual material vectors in a model implicitly undergo radioactive decay at all points 

where they may reside for a finite time. 
 
A plant is the generic term for a facility which performs timed operations on materials.  

Instances of plants can be declared and interconnected to represent any arbitrary fuel cycle 
system.  The following properties and operations are common to all plants, regardless of their 
individual characteristics and role in the fuel cycle. 

 
• A number of inputs which act as connection points to upstream plants 
• A number of outputs which act as connection points to downstream plants 
• A buffer associated with each input and output 
• A process which characterises the operation of the plant 
• An internal working inventory of material 

 
Each particular plant type has a number of inputs and outputs, some of which are 

mandatory and some are optional, depending on the detail of the particular plant.  The 
elements of a plant object can be represented as shown in Figure 1. 
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Figure 1 - OSIRIS generalised plant structure 

 
A particular plant type can have multiple instances declared, each with individual 

parameters.  For example, two reprocessing plants could be declared, with one configured to 
reprocess spent PWR fuel, and the second to reprocess and partition fast reactor fuel. 
 

A connection is a link between an output of one plant and an input of a second plant.  
Material movement occurs away from the output of the first plant to the input of the second.  
Requests for materials can also be passed along a connection, in the opposite direction.  The 
structure of a connection is shown in Figure 2. 
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Figure 2 - Schematic representation of an OSIRIS connection 

 
Connection integrity checking is automatically performed to prevent the user from 

declaring nonsensical model logic.  Connections can be dynamically rerouted during the 
evolution of a scenario to model, for example, changes in recycling strategies. 

 
A request is an instruction from a downstream plant to an upstream plant to provide, if 

possible, a specified output at some future time. Plants which perform an operation on 
demand, such as fabrication plants, generally require a finite time to complete the operation.  
It is hence the responsibility of the requesting plant to place the request soon enough for the 
requested plant to deliver its product at the correct time. 

OSIRIS Plant Types 

The generalised definition of an OSIRIS plant given in the previous section is extended 
in this section to describe the main plant types currently available to the OSIRIS user.  
Multiple named instances of any of the following plant types can be declared within a model, 
each with individualised parameters. 

 
A reactor park is a plant which manages a collection of individual reactor units of the 

same type.  It handles the start-up, decommissioning and fuel load/unload of each reactor, and 
can add new reactors to the park either at predetermined times, or to follow a local or global 
generating capacity profile.  The park has a user defined number of inputs and outputs, which 
can be used to request different fuel types from different fabrication plants, and route the 
spent fuel according to type.  An association between the park input/outputs, and the core 
regions of the constituent reactors is established by the user.  The internal structure of the 
reactor park object is shown in Figure 3. 
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Figure 3 - Internal structure of Reactor Park plant type 
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A reactor park acts as an electricity generator and is able to contribute to a discounted 

cost balance assessment if an economic model is declared by the user. 
 
OSIRIS includes two fabrication plant types, which are both derived from an abstract 

fabrication base class.  The first is specially configured to manufacture UO2 fuel, and the 
second is a generalised fabrication plant which can be configured to blend material from 
arbitrary source streams within the system. 

 
 A UO2 Fabrication plant manufactures enriched UO2 fuel and encapsulates the 

individual roles of conversion,  enrichment and fabrication stages.  It has one input and three 
outputs, all of which are mandatory.  The single input must be connected to a source of 
natural uranium.  The three outputs produce finished fuel, enrichment tails, and process losses 
respectively.  Requests passed to the plant consist of a fuel mass, and a required 235U 
enrichment.  The plant has an associated fabrication time, which is the time taken from receipt 
of a request for fuel, to delivery of the manufactured fuel.  It also has a loss factor, which is 
defined as the fraction of material entering the plant which is lost during the enrichment and 
fabrication processes. 

 
A generalised fabrication plant combines material from up to three sources and 

produces manufactured fuel.  The sources are defined as carrier, primary and secondary 
materials, and are associated with inputs 1 to 3 respectively.  There are two outputs which 
provide the finished fuel and the process losses.  A typical use for this plant would be the 
production of mixed oxide PuO2/UO2 fuel, in which case a uranium source would provide the 
carrier material, and a plutonium source, the primary fuel material.  A minor actinide content 
could be introduced into the fuel by connection of a suitable source to the secondary material 
input.  The plant could also be configured to produce other fuel types such as minor actinide 
target assemblies, or depleted uranium breeder assemblies.  Requests passed to the plant 
consist of a fuel mass, and required fractions of the primary and secondary materials.  The 
plant has an associated fabrication time, which is the time taken from receipt of a request for 
fuel, to delivery of the manufactured fuel.  It also has a loss factor, which is defined as the 
fraction of material entering the plant which is lost during the fabrication process. 

 
A reprocessing plant receives material in the form of spent fuel, which it reprocesses and 

then partitions the products into one or more output streams.  The plant has one mandatory 
input, which is connected to a spent fuel source, and multiple outputs, to which partitioned 
streams of individual or groups of nuclides can be directed.  A partitioning loss factor can be 
specified which gives the fraction of partitioned nuclides which are lost to the waste stream.  
A reprocessing plant can operate on a batch or an on-demand basis, with a user defined 
duration for each reprocessing operation. 

 
A store is a plant type with multiple inputs and outputs which accumulates received 

material and passes material requested by a downstream plant.  The internal inventory of a 
store is represented by a single material vector, and as such the individual material receipt 
history is not preserved.  The default initial inventory of a store is zero.  An initial material 
inventory at the beginning of a scenario can be specified.  For example, a store containing a 
large initial inventory of natural uranium will be required in many scenario models. 

 
A buffer is similar to a store, but has a fixed residence time, after which time any 

material receipts are unconditionally discharged.  A buffer is useful for implementing a fixed 
delay into a model to represent, for example, cooling of spent fuel before reprocessing. 

 
A material source provides a means for the arbitrary addition of new material into a 

model from outside the system boundary in accordance with a user-specified time dependant 
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profile.  An example of its use is the introduction into a model of the discharged fuel from a 
reactor system not explicitly modelled. 

Reactor Type Representations 

A key component of any fuel cycle logistics system is the ability to determine fresh fuel 
requirements for a particular reactor type, and also to determine the composition of the 
irradiated fuel discharged from the reactor. 

 
Firstly, the specification of a fresh fuel batch to be loaded into the reactor at the 

beginning of each new cycle must be determined.  This fuel must be ordered from an 
appropriate fabrication plant with enough time for the fuel to be manufactured before it is 
required.  The composition of the batch which is ordered must be determined such that there 
is sufficient reactivity for powered operation up to the end of the next cycle.  Secondly, the 
composition change due to irradiation of the fuel whilst in the reactor core, up to and 
including its eventual discharge, must be determined. 

 
Two different generic reactor models are provided in OSIRIS for creating representations 

of different reactor systems.  The first uses an empirical system-matrix formulation, in which 
a spectrum of pre-calculated reactor performance calculations are used to derive the 
relationship between state vectors representing fuel entering and leaving the reactor. The 
second is based upon a one-group burnup and criticality calculation, and is typically suitable 
for fast neutron systems. 

Transform matrix representation of reactor types 

In the simplest specific case of UO2 fuel, there is one degree-of-freedom associated with 
fabricating the correct fuel composition, namely the relative proportions of 235U and 238U 
within the fresh fuel batch.  This can be readily provided simply by enriching natural uranium 
to the required level for a particular target fuel burnup.  In the general case, as typified by 
PuO2/UO2 mixed oxide fuel (MOX) for use within a thermal reactor, there are multiple 
degrees-of-freedom, as the isotopic composition of the plutonium available to fabricate the 
MOX can vary [3].  Indeed it is found to change substantially during typical dynamic 
scenarios analysed over multiple reactor generations. 

 
In order to provide a flexible and general purpose method of allowing reactor  types to be 

modelled a simple transform matrix model is provided to allow the enrichment of fresh fuel 
and the composition of spent fuel to be determined during a scenario calculation. 

 
Consider two sources of material with compositions represented by the unit vectors f1 

and f2 respectively.  It is then necessary to determine the masses of the sources which when 
mixed together, will provide the correct reactivity to achieve a target burnup within a 
particular reactor type.  Any allowable composition which can be loaded into the reactor can 
be considered to lie on a surface S.  For unit source vectors f1 and f2, there is then a feed 
vector F , which lies on surface S and can be expressed as a linear combination of f1 and f2, 

  
 F=m1 f1 + m2 f2 ( 1 ) 

 
with the constraint that the sum of the masses of the sources m1 and m2 is equal to the total 
mass of the batch to be loaded. 

 
This is depicted in Figure 4 as an N-dimensional vector space (3 dimensions shown for 

clarity) where N is the number of nuclides in the base set. 
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Figure 4 - State vector of feed fuel composition and burnup equivalence surface 

 
The assumption is made within OSIRIS that, for any particular burnup,  the surface S can 

be approximated over a small region as S.e = k, where k is a constant, and e is a vector of 
nuclide equivalence coefficients. 

 
Having determined the feed vector F describing a batch of fresh fuel for loading into the 

reactor, is necessary to determine the discharge vector F' .  Again considering the vector 
space as defined above, the process of irradiating F to obtain F' can be considered as a 
transform within this vector space which maps every F within a region of allowable initial 
compositions onto a corresponding F' as shown in Figure 5. 
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Figure 5 - Fuel composition change over lifetime as a mapping within nuclide vector 
space 

 
It has been demonstrated that for many reactor types and fuel cycles, this mapping can be 

approximated by the affine transformation 
 
 F = T F' ( 2 ) 
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In this case, the elements of the matrix T are interpreted as follows, 
 

Tii is the net rate at which nuclide i is depleted due to fission , capture, decay etc 
Tij [i�j] is the net rate at which nuclide j is converted into nuclide i 

 
It is not usually possible to derive the elements of T directly from physical principles.  

However, if a database of F and F' pairs is available, then a candidate matrix T can be 
statistically determined using multi-variable linear regression. 

One-Group representation of reactor types 

OSIRIS also allows a reactor type to be declared based around a simple one group 
physics model for determining feed and discharge fuel compositions.  The model determines 
the relative proportions of materials from up to three feed sources necessary to fabricate a 
fresh batch of fuel.  The composition of the batch is determined to ensure that the k-effective 
of the core at the end of the burnup cycle following the loading of the batch is unity. 

 
The total k-effective of the core at any instant in the cycle is given by 
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where 
 
Nnuc = Number of nuclides 
íi  = Mean number of neutrons per fission for nuclide i 
Ni  = Number density of nuclide i 
ói,f  = One Group fission cross section of nuclide i 
ói,c  = One Group capture cross section of nuclide i 
Ónf  = Total macroscopic cross section for core non-fuel materials 
DB2 = Total core leakage (Product of diffusion constant D, and square of  

buckling B) 
 
The fuel composition after a period of irradiation is calculated using a burnup equation, 
 

 ( )MBDM Φ+=
dt

d
 ( 4 ) 

 
where 
 
M = material vector 

Φ = Neutron flux 
D = decay matrix, defined by 

Dii = -λi , the decay constant of nuclide i 
Dij = -λj if nuclide j is the decay daughter product of 

nuclide i otherwise 0 
B = burnup matrix, defined by 

Bii = - ( σi,f + σi,c ) 
Bij = σj,c  if nuclide i is the capture product of nuclide j 
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otherwise 0 
 
The burnup equation (4) is solved for M at time t, to give  
 

 ( ) ( ) ( )0MM BD tt Φ+= e  ( 5 ) 
 
where the matrix exponential is evaluated using a series expansion.  If the neutron 

spectrum, and hence the one-group cross-sections can be assumed to be constant over a 
burnup cycle, and a constant value for the mid-cycle flux can be assumed, then the matrix 
exponential need only be evaluated once per reactor type, thus dramatically decreasing run-
time. 

Economic Assessment 

The economic model implemented within OSIRIS uses an investment appraisal method 
to calculate a unit electricity generating cost [4].  Investment appraisal requires the 
examination of all costs over the lifetime of a scenario and requires these costs to be 
discounted to a base date.  This is a standard method which is applied when considering the 
relative merits of investing in a particular type of power station.  It is also particularly 
appropriate for comparing alternate fuel-cycles with alternate back-end and recycling 
strategies.  OSIRIS allows the following costs to be assigned within a model : 

 
• Reactor first-of-a-kind, capital and decommissioning costs 
• Fuel cycle front and back end costs 
• Process plant capital and decommissioning costs 
• Reactor operation and maintenance costs 
• Raw material costs 
 
Multiple economic models can be simultaneously defined within any given scenario 

calculation, to allow varying assumptions about unit costs, escalation rates, discount rates and 
apportioning of costs to be investigated.  Within OSIRIS, all constituent reactors and process 
plants are individually specified and represented, and all process operations are modelled as 
discrete events which occur at particular times and with particular durations.  This approach 
lends itself readily to economic assessment, as a model defined by a user implicitly generates 
timings and quantities of materials undergoing process operations.  OSIRIS allows any cost to 
be declared as either discrete or extended.  Extended costs are specified by the use of a spend 
profile, which is essentially a histogram defining the fraction of the total cost incurred at a 
series of time offsets relative to the reference date at which the cost is incurred. 

 
In a once-through UO2 cycle, fuel cycle processes can clearly be identified as front-end 

or back-end.  However, in a generalised multi-recycling system, a back-end process 
associated with one cycle can equally be considered as a front-end process for a subsequent 
recycle.  In an integrated fuel cycle, the mean unit cost over all reactor systems is therefore 
determined by dividing the sum of all discounted cost components by the discounted total of 
all generated electricity. 

Environmental Impacts 

Any nuclear generation programme has an environmental impact due to waste materials 
arising from both front and back end fuel cycle operations.  The key impact is clearly due to 
the spent fuel discharged from reactors, whether through direct disposal to a geological 
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repository, or via reprocessing with separation and subsequent vitrification of high level 
waste.  There are also operational releases to the environment from each stage in the fuel 
cycle.  OSIRIS allows the assessment of both potential radiotoxicities of long-lived nuclides 
in waste streams and operational releases from fuel cycle stages and reactors. 

 
The potential radiotoxicity of a material is a weighted sum of the toxic ingredients of all 

the elements contained in the spent fuel and is a measure of the harmful potential of that 
material in terms of the dose that would be received by all the members of a group of people 
who had incorporated the material. 

 
The activity of each inhaled or ingested nuclide is multiplied by a dose factor expressed 

in Sieverts per Becquerel (Sv/Bq) to obtain a human dose (in Sv).  Dose factors take into 
account the metabolism of radionuclides in the organism once inhaled or ingested, the type 
and energy level of the emitted radiation, and the radiosensitivity of tissues, etc.  A dose 
factor table is provided by the International Commission on Radiological Protection (ICRP).  
The values assigned for actinides are generally several orders of magnitude greater than for 
fission products. 

 
The potential radiotoxicity of a material store in OSIRIS is therefore evaluated as a 

function of time as follows: 
 

 
∑=

i
ii FdtAtR ).()(
 ( 6 )  

where: 
 
R(t) = radiotoxicity at time t [Sv] 
Ai(t) = activity of isotope i at time t [Bq] 
Fdi  = inhalation or ingestion dose factor for isotope i [Sv/Bq] 
 
The radiotoxicity of stores can be determined for long timescales following the end of 

the operational period of a nuclear generating scenario.  This is necessary as some of the 
actinides and fission products present in spent fuel have half-lifes of tens or hundreds of 
thousands of years. 

 
The radiological releases from operating plants in a model are estimated using a basic 

unit radiological impact (URI) approach.  The operational radiological releases due to each 
plant type in OSIRIS is assumed to be proportional to its throughput, integrated over the 
duration of the scenario.  Unit radiological impacts due to  mining and milling operations and 
wastes, conversion, enrichment operations and tails, fabrications, reactor operations and 
reprocessing can be declared and evaluated. 

The OSIRIS Object Model 

OSIRIS is implemented in C++ and was developed using object-oriented analysis and 
design methods.  The main structure of the OSIRIS object model is shown in Figure 6 using 
standard object-modelling conventions.  Some of the key classes within the object model are 
also briefly defined. 
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Figure 6 - The OSIRIS object model 

 
Plant is an abstract base class from which all plant classes are derived.  It provides the 

basic logic for establishing material flowpaths and request routing.  The detailed operations of 
a plant-type concern the transformation and timings of material within the plant.  These are 
declared as pure virtual functions as part of the interface to plant, and are then implemented 
by the derived plant classes.  The discrete event engine can then polymorphically address all 
the declared plants within a scenario. 

 
Material and Transform are derived from a standard matrix-type provided by an external 

matrix class library.  A Material is a column vector defined against a user-defined base set of 
nuclides, which supports standard matrix algebra operations, and also additional methods 
such as decay operators.  A transform is a square matrix for performing linear operations on 
materials.  Together, these classes form the basic data types within OSIRIS. 

 
Input_Parser is a class which manages the creation and referencing of all model objects 

with OSIRIS, by parsing the user’s model files.  Instances of Input_Parser can be recursively 
nested to support the nesting of model and sub-models by the user.  Data_block is an abstract 
container for any structured data type, other than plant definitions, which can declared and 
referenced within a model. 

 
Reactor is an abstract base class representation of a generalised multi-region batch 

refuelled reactor scheme.  Virtual methods for generating fresh fuel requests and determining 
composition evolution are part of the interface to Reactor, to be implemented within derived 
reactor classes.  New or more detailed reactor models can therefore readily be integrated 
within future versions of OSIRIS if necessary. 

Implementation and Usage of OSIRIS 

An OSIRIS model is declared by the user via a flexible text-based model definition 
language.  The language allows simple scalar variables, vectors, matrices and time-dependent 
quantities known as ‘profiles’ to be declared. An OSIRIS model is built up  from a series of 
data blocks, which define plants, reactor types, materials and other model data objects.  
Comments can be freely included in a model using standard C++-style conventions. 
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A typical OSIRIS model file can consist of a large number of definitions of plants, 
reactor types, materials and other model data objects.  Many of these data blocks are self-
contained, and may recur in multiple models.  To promote the segregation of OSIRIS models 
into quality-assured, reusable components, it is therefore possible to create sub-models and 
include these in an overall model.  Parameters may be passed to a sub-model, to allow the 
data therein to be customised by the main model if required.  Each model and sub-model has 
its own variables namespace, and so all variables are local to the file in which they are 
defined. 

 
OSIRIS is written in standard C++ and versions for MS-Windows and Solaris platforms 

have been created.  Run-times depend upon the number of declared plants, the size of the 
nuclide set and the duration of the simulation in years.  A typical model will take around 15 
minutes to execute on a current 2GHz PC. 

 
A simple graphical user interface for the Win32 platform is provided with OSIRIS to 

facilitate the creation and execution of models, and the post-processing of results, and to 
provide an access to online HTML documentation.  All numerical results can be 
automatically plotted using MS-Excel, and material flow-path diagrams can be automatically 
plotted to check the logic of a user’s model. 

An example application of OSIRIS 

This section outlines a typical example of a problem which can be studied using OSIRIS.  
A two-tier system of conventional PWRs together with Gas Cooled Fast Reactors (GCFR) is 
simulated.  Plutonium arising from spent PWR UO2 fuel is recovered and undergoes a single 
recycling as MOX in PWRs.  Spent PWR MOX is recycled and the recovered plutonium then 
undergoes multiple recycles through GCFRs.  At each reprocessing stage, the minor actinides 
americium, curium and neptunium are partitioned from the high level waste stream.  Np is 
then recycled homogenously with the GCFR fuel, and Cm/Am are fabricated into inert matrix 
targets for irradiation at specific locations with the GCFR cores.  Plutonium streams from 
legacy reactors are also introduced into the model.  The model structure is shown 
diagrammatically in Figure 7. 
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Figure 7 - PWR/GCFR mixed reactor scheme with Pu/MA recycling and legacy 
reactor material feeds 
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This model can be used to investigate the dynamic transition to the proposed recycling 

scheme, within constraints imposed by electricity demand, material utilisation, and retirement 
of legacy generating capacity.  It can also be used to investigate the effectiveness of the 
GCFRs as minor actinide transmutation systems, and the subsequent reduction in the 
radiotoxicity of high level waste streams. 

Conclusion 

OSIRIS is an integrated software tool for modelling the logistics, economics and 
environmental impact of the nuclear fuel cycle.  The program provides a flexible and open-
end environment for allowing models of reactors, fuel types and recycling schemes to be 
established by the user.  An overview of the functionality of OSIRIS together with the design 
and implementation of the software has been presented in this paper. 
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