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1. Iniroduction

This paper describes the main recent and on-going
developments to the MONK package and outlinas the
proposed develocpment programme for the next five
years. This programme comprises a mixture of the con-
tinuation and further evolution of some current activities,
a selection of well-understood new activities and more
gengral broad directions to be filled out by specific activi-
ties as we move forward.

The Monte Cario code MONK is a well-established
criticality tool with a proven track record of application
covering the whole of the nuclear fuel cycle. The de-
velopment of MONK is performed and managed within
NCD (Nuclear Codes Development), a collaborafive
arrangement between Serco Assurance (as part of its
ANSWERS Software Service} and British Nuclear Group
Sellafield Ltd { BNGSL).

The MONK package comprises rict only the Monte
Carlo code itself but also nuclear data libraries, valida-
tion data, documentation, geornetry model visualisation
tools, productivity tools of various kinds and user sup-
port services. In ideniifying the development direction
for the package, input is ebiained not only from the two
collaborating partners but also from others customers
of the ANSWERS Software Service. Indesd such input

is actively sought such that a programme is defined that

meeis industry application needs. The development
programme &lsc seeks to maintain a balance between
short-term and longer-term requirements and small and
larger devefopments. Anexample of how this is managed
is the system of Long- Term Technical Requirements that
has been established by NCD to ensure more substantial
and longer-term developments are sufficiently well rep-
resenied in the programme.

The current production version of MONK is version
84, issued in September 2006. MONK varsion 84 was
& major upgrada fo the MONK code, incorporating the
new BINGO continuous energy nuciear data fibrary and
colfision processing package.

2. Recent and On-going Developmenis

The recentand current developments cover a range
of areas of activity and are presented below under the
following seven headings: Physics Maodelling, Geometry
Modelling, Source Convergernice, Nuclear Data, Valida-
tion, Supporting Tools and Customer Services.

2.1 Physics Modelling

For many vears, MONK has used a module called
DICE for its nuclear collision processing, together with
DICE format nuclear data libraries. These libraries derive
their data from various sources { UKNDL, JEF2.2, ENDF/
B-VI, JENDL3.2) and store the nuclide cross-seciions on
a fixed hyperfine energy grid of 13, 183 groups. This col-
lision package is also available in the ANSWERS general
transport code MCBEND1.

The new collision processing package in MONK is cailed
BINGO2, and together with its nuclear data library provides
cross sections tabulatedat optimal energy points foreach nu-
clide; improved variable temperature freatment; enhanced
thermal scattering modeliing, better representation of ENDF
cotrelated energy/angle laws, and more detafledrepresenta- -
tion of the off-peak parts of the fission spectrum. In practice
eachnuclide hasits own data file, and the dafa is storedinthe
most efficient manner to best represent the energydepend-
ency of the cross-sections for that nuclide.

These capabilities give MONK the tools to model
complex systems with a greater degree of realism than
with the DICE package.

in addftion, there was a need to update the collision
processing package in line with modern programiming
technigues, and the development of the BINGO package
has enabled us to do this.

2.2 Geometry Modelling
2.2.1 Fractal Geomeiry

The MONK geometry modelling package comprises
two complementary components. Fractal Geometry{ FG),
employing conventional ‘ray fracing’ algorithms through
defined geometrical bodies, and Hole Geometry (HG},
using the powerful and versatile Woodcotk Tracking.

MONEK has a particularly rich set of ray tracing options,
with a large selection of body shapes and a number of
combination options linked to applicafion requirements.
New developments available in version 84 include: the
Window Parf, the Overfap Part, enhanced rotation op-
tions, and relative body origins.

A MONK geomeiry modelis constructed as a ggomeiry
hierarchy, with small components being combined fc form
farger iterns, and these larger items being themselves
combined, and so on. At present, the hierarchical relation-
ship demands that the outer shape of a combined set of
fterns itself matches ane of the MONK body shapes. For
the Window Part this restriction is remaoved, providing yet
more flexibility of construction for the MONK modsller.

The Overlap Part provides the freedom of a combina-

torial geometry input, but the order of input defines the
hierarchy and thus a degree of input checking.
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The rotation options allow bodies to be rotated about
their centre, their body origin, or some arbitrary point in
space — for example the centre of a transport flask when
modelling the fins on ifs surface.

The relative body origins allow sections of the modea!
within a partto be linked, so that moving one of the bod-
ies will move all the components related to it, saving the
effort of recalculating all the origins.

2.2.2 Hole Geomeitry

The Woodcock tracking algorithm in MONK is a pow-
arful adjunct to the conventional body modeifing provided
by Fractal Geometry. Implementedvia the Hole Geometry
package, Woodcock tracking brings significant additional
modelling power to the user, as well as providing corivern-
ient short-cuts fo common modelling situations.

The Hole Geometry package continues to grow as
additional hole types are added in response to industrial
needs. Recent developmenis have been new hole types
to modsi both the arrangement of pebbles in a Pebbie
Bed Modutar Reactor { PBMR} and its fuel pebble struc-
ture, Thisisa complax problem, given the quasi-randorm
nature of the fuel distribution but is well maltched to the
Woodcock algorithm. This method has enabled MONK
fo be used to validate deterministic methods of PBMR
fuel design and burnup.

Other developments include: the User Hole fo provide
the user with a method of specifving the geometrical
definition for a new hale type using simple mathematical
functions; the Bent-Pins Hole to model the deformation
or loss of pins due o dropping or other forces on a fuel
element; the PIPES hole to model easily complex ar-
rangements of pipes and their joints; the Random-Rods
Hole to model the arrangement of eylindrical rods in a
container — this is now being used to verity modelling
assumptions made prior to the avaflability of this cption
{see Figure Tand Table 1). Table 1 shows the resuits from
modelling a system of rods in four different ways: explicitly
using an FG CLUSTER PART; using the new RANDROD
hole; using the typical smeared model. For this system,
the resuits show good agreement between the explicit
model and the BANDROD hole, whereas the smeared
madel shows a significant difference. The run times are
also significant, with the RANDROD hole running in haff
the fime of the explicit modef and requiring much less
user effort to set up.

A capability has been developed that enables CAD
generated tetrahedral mash geometries fo be imported
into MONK and freated as a hole ggometry. Comparison
of such models with explicitly modelled input has so far
shown excellent agreemeant.

A further development has been the ability fo use
named holes and named materials in hofes rather than ihe
cid numbering scheme. This is the same as is avaitable in
the Fractal Geomeiry package and now enables users o
specify all their geometry using named componenis, thus
simplifying data banking of sections or all of a model.

Fig.1 VISTA image of the new Random Rods hole

Table 1 Results using the Random Rods hole

MONK Model K-effective s CPU(s)

CLUSTER PART 0.8407 0.0010 : 10266
AANDROD HOLE 0.8401 0.0010 4949
SMEARED Model 1.4380 0.0010 148

2.3 Source Convergence

MONK employs its own Superhistory Powering
method for managing the convergence of the fission
source, forcing samples through & number of fissions
before considering its use in a subsequent stage. This
has proved its refiability and robustness i a number of
difficult applications, but stifl requires the user to esfimaie
the number of settling stages (discarded generations)
priar to starting the calculation.

Thera is now in version 8A of MONK an Automatic
Settling option that monitors the progress of the calcu-
fation and determines when the source has converged.
Tests on a nhumber of poorly converging systems3 have
proved encouraging.

2.4 Muclear Data

The develcpment of the BINGO nuclear data library
provides a significant benefit to the user in terms of in-
creased accuracy of the resuits. This is due to the better
reprasentation of the data stored in the BINGO library. At
presentwe enly have a library based on JEFZ2.2 evaluated
data, but there are plans fo produce separate BINGO.
libraries based on JEFF3.1 and ENDF/B-VIl data in the
near future.

MONK will continue to be able to access the DICE
nuclear data libraries, and those issued with MONK ver-
sion 8A are based onthe UKNDL, JEF2.2, ENDF/B-Viand
JENDL3.2 evaluated data. These librarigs have matching
contents and contain over 160 isotopes.

To simplify the user input for all these libraries the
input for material compositions has been made inde-
pendent of the library used — a database maps the users
material compaositions onto the selected library, thus a
simple menu selection from the MONK LaunchPad user
environment ( see Section 2.6) will enable the same cal-
culation tc be run with a different nucilear daia library.
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2.5 Validation

Validation remains an fssue at the heart of criticality
code usage. Comparison with experimental results is
the only method of checking that new methods and new
nuclear data ffbraries can accurately model complex geo-
mefrical structures comprising a range of materials.

MONK aiready has a well-developed validation data-
basag that supports its use in practical applications, Many
tundreds of experimental configuration descriptions
have been faken from the handbook of the International
Criticality Safely Benchmark Evaluation Project (1CS-
BEP4) and quality-assured MONK models produced.
These models are then computed using the range of
nuclear data libraries curreritly available and the results
reported via extensions to the MONK User Manual.

This validation database has new avaluations added
fo it annually, with requests from the user community
being used to determine what experiments to siudy. In
addition we have in place a programme to validate the
BINGO library at elevated temperatures.

2.6 Supporting Tools

The Monte Carlo code itselfis clearly the main compo-
nent of the MONK package, howsaver additional tools are
provided and routinely used. These tools cover geometry
model visualisation and verification (VISAGE, VISTA and
Visual Workshop) and calculation parameter controd and
job submission {LaunchPad and CODEMQRE}.

VISAGE and VISTA have been used for many years
to display MONK model geometries, and while support
will continue, we are no lorigar actively deveioping
these products. All development effort is now targeted
at Visual Workshop (the current working title), which
combines the functionality of all the above tools intc
a single package. Thus Visual Workshop provides
real-time interactive model generation and intuitive
manipulation In both 2D and 3D using the same tracking
package that is used in MONK - hence the user sess
what MONK will irack through. The user interface has
been made simple to use and this intuitive interface
makes it easy for the first time user, as well as the
expert, to generate and manipulate the images. Zoom-
ing, rotating, ghosting and other image controls are
achievad with great simplicity through simple mouse
movement and can be learned in minutes. This is a
mafjor enhancement over the VISTA method of typing
in model coordinates.

The package also includes the LaunchPad job stib-
mission capabiiity, and a Case Viewer, the latter to enable
a userto view or adit all the input and cutput files associ-
ated with a project.

The development of a CAD tetrahedral-mesh input
capability for MONK has resulted in the need for the
graphics package tc render the modsl MONK will be
tracking through. Hence Visual Workshop willinclude the
capability to display such input data.

An example of a Visual Workshop image is given in
Figure 2. This image shows a transport flask with the
external structure ‘ghosted’ so the inside of the flask
can be seen, and two cutaways to show more clearly the
elements within the flask. This Is generated in real-time
using the tracking routines built into MONK and can be
easily manipulated by the user to view the detail of the
model,

Fig.2 Bxample image of a transport flask

The CODEMORE package has been produced to au-
fomatically distribute a parameterised suite of calculations
across a network of cormnputers. This development has been
useful for scoping calculations, where many thousands of
calculations have been performed by making hest useg ofa
large network, with the powar of the individual nodes and
their loading being used to control job execution.

2.7 Customer Services

The ANSWERS Software Service has now been in
existence for over twenty years, with the service starting
in 1984 and MONK being incorporated in 1987, During
that time, the service has continued to evolve and develop
to meet the expectations of its customers as their needs
have changed and new requiremsnts emsrge.

The service includes:

The use of the internet for the distribution of software
and documentation, including the development of a
password-protected customer area;

A commercial siandard software licensing system,
for increased flexibility and ease of use;

A commercial help-desk system, to enhance the
tracking and reporting of customer enguiries, and fo
make available customer and code-specific historical
data fo help-desk stalf to improve the delivery of the
service at the point of delivery;

Support for PC Windows, Linux, and various Unix
workstations, 84-bit machines and grid computing
systems.

The business world and nuclear community continues
to change at g rapid rate, and the ANSWERS Software
Service recognises that it will need fo maintain close
contacts with alf concernad fo provide codes and services
that match the needs and expectations of industry.

3. Future Plans

3.1 Formulation of the Development Pro-
gramme

The development programme for MONK s formed from
a number of inputs. As collaborators in the development,

SercoAssurance and BNGSL both contribute requirements.
The development requirernents are also derived from dis-
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cussions with its customers, both via the hotfine or at the
annual ANSWERS Seminar heldin the UK. Theseinputs are
coupled with foresight regarding emerging generic needs
orissues. BNGSL'sinput is focused on mesting the present
and future needs of its myriad industrial aciivities, both in
the UK and elsewhere. From these inputs, a programme is
discussed, reviewed, agreed andthenimplemented. Inad-
dition, soma flexibilityis retainedin the programme to cope
with urgent issues that need to be accommodated.

The Long-Term Technical Requiremenis(LTTRs). were
setup to encourage members of the partner organisations
ic propose and champion longer-term ideas concerning
the direction of development. Thiswas to ensure thatlarge
developments or significant outcomes were not neglected
because they couid not be developed quickly. Examples of
projects that originated in the LTTRs include CODEMORE,
Visual Workshop and the Grid Computing developments.

3.2 Development Plans

The development of MONKIs based upon a short ferm
development plan and a five-year development plan.
included in these plans are:

The integration of a Monte-Carlo based perturbation
code (MAXS) to simplify the study of small or large
changes to the systam,

The integration of a Method of Characteristics solution
{CACTUS-3D8) for MONK;

Further evolution of the Fractal Geometry modaslling
capabilitias, to reflect the changing industry needs
{e.g. new fuel designs, waste optimisation);

+  Additional Hole Geomslries to support emerging
problems or to verify modelling assumptions;

Extensions to the vafidation database, including el-
evated temperatiure validation;

Additional BINGO nuclear data libraries based on
alternative evaluations;

«  Extensions fo the input processor for MONK to enable
greater input control through parameters, looping,
formulae, if...endif, and embedded files;

On-going improvements to the established sup-
porting tools and the development of new tools, in
particular improved graphical representation of go-
ometry models and oufput, improved input capability,
enhanced use of grid/netwerked computer systems
and enhanced geomefry input from CAD fifes;
On-going study of genetic algorithms and grid-com-
puting mathods for goal-seeking with MONK;
Further extension and refinement to the ANSWERS
Software Service itself.

Uncertainty analysis remains animportant consideration
for ctiticality assessment and sensitivity methods have a

potentially important role to play. MONK contalns an option

that enabies the code to calculate the first-order sensitiv-
ity of k-effective to uncertaintics in cross-section values.
These uncertainties can be for particular energy ranges,
specific reactions, for specific nuciides in one or more
materials. Material density sensitivities can be obtained by
considering the whole energy range for each reaction and
nuclide in a material, This option has already been used
to goed effect fo investigate the sensitivily of calculated
MONK resuit to uncertainties in the cross-sections of rela-
iively unusual nuclides {i.e. ones not commonly featuredin
significant quantities in validation experiments).

The MAX capabilitywillexterid this sensifivity capability by us-
ing Monte-Carlomethodsto calculate the changein k-effective
for perturbations to any quantity within the MONK model,

Nuclear data will also remain at the forefront of the de-
velopment programme. Within the UK, JEF2.2 has been
adopted by a number of organisationsas a ‘'standard’ source
of daia for many applications {including criticafity}. However
as developments in nuclear data are progressed, itis the in-
teniion that MONKwill provide new capabilities as and when
appropriate. The JEFF3 iibrary is being assessed within the
collaborating countries and MONK is being used as part of
this activity. Libraries will be made avallable for MONK to
evaluate the effect of these new evaluations. Howover, it is
recognised that potential safety case update impilcations will
determine major changes to something as fundamental as
the standard MONK nuclear data fibrary. Hence decisions
on the adoption of additional standard libraries will be taken
in consuitation with those stakehoiders most affectad.

4. Conclusion

This paperhas summarised the currentstatus of the MONK
code, recent and on-going developments, and planned de-
velopments for the future. MONK confinues to be focused on
meeting the current and future needs of ifs custorners, and
the programme is assembled from such stakeholder inpuf.
In addition, we look for new requiremenis emerging over the
coming yearsthatdo niotyetfeatureinthe programme, anditis
intendedthat sufficient fiexibility will be retainedin the planning
andimplementation processes that newiternscanbe agreed
and accommodated as appropriate.
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