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Introduction 
 
In the Netherlands substantial R&D-efforts were and still are being spent to the issue of long- 
li ved nuclear waste, which is a critical issue of nuclear energy. Within this scope different 
concepts to minimise the nuclear waste issues are being considered. One promising concept 
appears to be the Accelerator Driven System (ADS) as it has been proposed by C. Rubbia of 
CERN. Apart from the obvious advantages in terms of low waste production and 
transmutation capacity, this concept also enhances prospects with regard to nuclear safety and 
eff icient long-term use of energy resources.  
 
Collaboration has been sought with other international teams working on ADS. The bilateral 
collaboration agreement in the field of "I nnovative Systems for the Back-end of the Fuel 
Cycle" between CEA and NRG as signed in 1998 has substantiated such co-operation. This 
co-operation covers the technical fields of nuclear data, reactor physics, and innovative fuels. 
 
Within the Netherlands co-operation with the institutes (NRG, KVI, NIKHEF, IRI)  is 
fostered (originally labelled the CLEAN-co-operation). Each of these Dutch institutes is 
introduced below together with a summary of their activities, both national as well as 
international, related to the ADS concept. Contributions to international ADS and P&T  
projects are also presented. They directly arise from current activities, and available 
competence.  
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NRG  
Nuclear Research and Consultancy Group  
P.O. Box 25,  
1755 ZG Petten  
The Netherlands 
 
contact persons: 
Actinide and fission product  recycling 
 R.P.C. Schram (department Fuel, Actinides and Isotopes)  
Tel.  +31-22456-4362,  Fax   +31-22456-8608 
e-mail : schram@nrg-nl.com  
 
Accelerator Driven Systems 
A. J. Koning  (department Fuel, Actinides and Isotopes)  
Tel.  +31-22456- 4051,  Fax   +31-22456- 8490 
e-mail: koning@nrg-nl.com 
 
Computational Fluid Dynamics 
V.Wichers (department Plant Performance & Technology) 
Tel. +31-224-56-4656, Fax  +31-224-56-3490 
e-mail: wichers@nrg-nl.com 
 
Who are we?  
 
NRG, an ECN-KEMA company, was established in 1998 through the merger of ECN’s and 
KEMA’s business activities in the nuclear fields. NRG provides expertise and services in 
support of the safe, ecologically sound and eff icient use of nuclear installations and develops 
and applies spin-off technology for the non-nuclear markets. In addition NRG participates in 
technology development programs for advanced nuclear power reactor designs. 
NRG is divided in six product groups: 
Materials, Monitoring & I nspection 
Fuels, Actinides and Isotopes 
Risk Management & Decision Analysis 
Radiation & Environment 
Irradiation Services  
Plant Performance and Technology 
The product groups offer services for energy utilities, government organisations and various 
branches of industry. 
 
The activities described in this paper are being performed in the product groups Fuels, 
Actinides and Isotopes (FAI), Plant Performance and Technology (PPT), Materials, 
Monitoring& I nspection (MMI), and Irradiation Services (IS). NRG has a wide experience in 
the irradiation and Post Irradiation Examination (PIE) of nuclear fuels, and related nuclear 
and thermal calculations for such experiments. Further nuclear research is performed on 
several levels, ranging from basic nuclear data and transport modelling to full -core 
optimisation and core calculations using 3-D steady-state and transient analysis codes. The 
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product group IS operates the High-Flux-Reactor HFR-Petten and the Hot Cell Laboratories, 
where respectively the irradiation and PIE are performed. 
A major research programme within NRG is the RAS programme (Recycling van Actiniden 
en Spli jtingsproducten, a Dutch acronym) to investigate partitioning and transmutation of 
actinides and long-lived fission products. 
NRG also plays a key role in the Thorium project and in the various EFTTRA experiments. 
 
What are we doing regarding  the accelerator option? 
  
NRG is primarily interested in Accelerator-based reactor systems from the point of view of 
waste  reduction, and as a consequence ADS project are often interrelated with P&T projects. 
 
NRG has main R&D programmes on  
a) - Recycling of Actinides and Fission Products (RAS) 
This activity of NRG mainly is focussed on the recycling of Actinides and fission products 
under the project acronym RAS. The ADS is being studied as waste management option 
rather than as electric power supplier. 
b) - The development of nuclear data files for activation and intermediate energy neutron and 
proton-induced cross sections. There is a close international collaboration with NEA/IAEA 
and institutes working on nuclear data for intermediate energies. NRG cooperates with KVI of 
Groningen University (AGOR facilit y) for measurements of proton-induced reactions .  
 
NRG was involved in two earlier EU studies, one on Thorium and one on Accelerators, in the 
NEA exchange programme on Partitioning and Transmutation, and in the CRP of IAEA on 
Accelerator-based systems.  
 
An overview of some primary aspects of our ADS/P&T activities are presented below. The 
present and forthcoming activities related to ADS and P&T are: 
 
·  Evaluation of  P&T (RAS), including ADS as option for waste transmutation 
·  Fuel and targets irradiation experiments, including 

·  Tc, I, Am irradiations 
·  Th fuel irradiations 

·  Nuclear models and nuclear data files in the energy range up to  200 MeV 
·  Reactorphysics studies, including  

·  code development 
·  Monte Carlo calculations with burnup 

·  Thermal-hydraulics analysis 
·  System analyses and safety 
·  Target design evaluation 

·  Material Science: 
·  Window steel irradiations  
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Fuel and Targets 
 
Transmutation of I, Tc, and Americium 
 
In order to be able to transmute americium, plutonium and fission products (e.g. I and Tc) in 
an eff icient manner, detailed knowledge on the impact of irradiation on the behaviour of these 
elements or inert matrices containing these elements is required. Table 1 gives an overview of 
the irradiation experiments in the HFR studying this topic. Part of the irradiation programme 
of NRG is being performed in close cooperation with the EFTTRA group. EFTTRA, which is 
the acronym for Experimental Feasibility of Targets for TRAnsmutation, is a European 
project in which CEA, NRG, EdF, FZK, JRC-ITU, and JRC-IAM collaborate. The OTTO 
project is performed in cooperation with JAERI and PSI. 
The fission product iodine has been irradiated in the form of CeI3, NaI and PbI2 contained in 
stainless steel tubes. The irradiation of CeI3 and NaI was very successful and detailed PIE has 
been performed. The irradiation of PbI2 was less successful due to strong chemical interaction 
between the stainless steel container and the PbI2. Metallic technetium rods have been 
irradiated very successfully to a rod average transmutation of 18% and a local peak value of 
35%. No change in the microstructure and an insignificant swelli ng of the rod were observed. 
 In order to be able to transmute plutonium and americium eff iciently, inert matrices 
are required in order to dilute the actinide and serve as a host material. The inert matrices 
should fulfil many constraints, such as: high melting point, high thermal conductivity, low 
swelli ng, low neutron cross section, no formation of long-lived radiotoxic isotopes, etc. 
Various materials are presently under investigation, such as MgAl2O4, (Zr,Y)O2 and 
Y3Al5O12. ThO2, which has a good behaviour under irradiation,  is also suggested as an inert 
matrix, although some long-lived actinides are formed during irradiation. 
 From the research that has been performed up till now it can be concluded that: 
The fission products I and Tc can be transmuted without significant material problems, but 
their neutron absorption cross sections are rather low. 
The actinides Am and Pu can be transmuted, but several topics are still under investigation. 
These topics are: 
 i) which inert matrix should be used,  
ii) how should the actinides be dispersed in the inert matrix  (particles or homogeneous 
solutions),  
ii i) which fuel-rod design should be used. 
These topics were subject of the new EFTTRA proposal in the 5th Framework Programme of 
the EU, but this was rejected. 
 
Table 1  ADS related transmutation irradiation experiments in the HFR 
Name Description Status 
T1 technetium and iodine Completed 
T2 Technetium Completed 
  neutron damage in inert matrices Completed 
T2bis neutron damage in inert matrices Completed 
T3 neutron damage in inert matrices Completed 
 inert matrix fuel using enriched UO2 Completed  
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T4 americium in spinel Completed 
T4bis americium in spinel Completed 
T4ter central fuel temperature of spinel/UO2 Completed 
OTTO inert matrices containing plutonium PIE ongoing 
T5 americium in inert matrices Proposal  
Thorium ThO2 based fuel Irradiation ongoing 
 
 
 
Th fuel irraditions 
 
The use of thorium offers challinging options for nuclear waste reduction, both at the back 
end and at the front end of the fuel cycle.  In the past 4th Framework Programme of the EU 
the Thorium fuel cycle has been studying aiming at waste reduction. In the 5th Framework 
Programme a new project has started to supply key data for application of the Th-cycle in 
PWRs, FRs and ADS, related to Pu/TRU burning and reduction of the li fetime of nuclear 
waste. To achieve this, the irradiation behaviour of Th/Pu fuel at high burnup and for relevant 
neutronic conditions will be examined. The very high Pu/TRU consumption in Th/Pu fuel wil l 
be validated by full core calculations. Essential nuclear data for the Th cycle will be 
determined experimentally in another EU project. 
In this project NRG collaborates with BNFL(GB), CEA (F), FZJ(D), JRC-IAM, JRC-ITU, 
KWO(D). 
In the context of NRGs interest in reducing the waste problem with help of ADS, NRG takes 
also part in the IAEA-CRP on "Use of Th-based Fuel cycle in accelerator Driven Systems to 
incinerate Pu and to reduce Long-term Waste Toxicities".  With the 3D Monte Carlo code 
MCNP dif ferent benchmark samples have been calculated and intercompared. 
 
 
Nuclear data evaluation and validation 
 
At NRG, considerable effort is devoted to the provision of nuclear data that are specific to 
ADS. 
The detailed engineering design of an ADS will r equire that the performance of the spallation 
target and all the problems related to the existence of high-energy particles can be predicted 
with suff icient accuracy. Some of the important quantities to assess are: 
 
·  intensity and spatial distribution of the spallation neutron flux outside the target, 
·  radiation damage and gas production in target, window and structural materials, 
·  radiotoxicity, activity and corrosion problems inside the target, 
·  required shielding to neutrons with much higher energies than in conventional reactors. 
 
Provision of ADS related data is mainly done by means of theoretical development and 
computational implementation of nuclear models. For ADS, cross sections for the important 
materials need to be known for ALL possible reaction channels. This total amount of required 
information is so large that experiments alone can never cover the nuclear data needs. To fil l 
this gap, the nuclear data must be simulated computationally, with the help of theoretical 
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nuclear reaction models benchmarked against experimental data. The models can then be used 
in areas where no measurements exist. At NRG, novel optical models, pre-equili brium, 
fission, direct and statistical models have been developed and implemented to give an 
enhanced description of nuclear reactions for nucleon energies up to 200 MeV. A particular 
improvement concerns the description of intermediate energy fission yields for actinides and 
sub-actinides. The results are used to generate nuclear data libraries up to 200 MeV, which 
can be used in combination with intranuclear cascade models that are better for the 
description above 200 MeV. Apart from this ongoing model and software development, NRG 
has already created 150 MeV data libraries for Fe, Ni and Pb (for JEFF) and for Cu (for 
ENDF/B-VI) using the Los Alamos code GNASH.  
 
NRG takes part in the European 5th framework project HINDAS (High and Intermediate 
energy Nuclear Data for Accelerator-driven System). Within this project, NRG is constructing 
a new nuclear model code, TALYS, that will r esult in improved nuclear data libraries for 
ADS-relevant materials, for energies between the unresolved resonance range and several 
hundreds of MeV. 
 
Reactor Physics studies 
The neutronics behaviour of an ADS is an important subject to be studied in the development 
phase. Detailed ADS design studies call for an accurate 3D geometry model. 
Preferably, these studies should therefore be performed with Monte Carlo codes. 
At NRG substantial effort was put into the use of the Monte Carlo code MCNP (and the 
special high-energy version MCNPX) for ADS applications. 
This work has a close connection with the nuclear data evaluation activity. 
Basic data libraries for high-energy ADS applications are converted at NRG 
for use in MCNP, so that the most recent and accurate data are used in the ADS neutronics 
analyses. This processing activity is a very specialistic job, which is performed with 
many years of experience. 
Extensively validated software is used, which leads to high-quality nuclear data libraries 
which are used for all Monte Carlo radiation transport analyses. 
 
The code MCNP in its standard shape can only be used for static calculations. 
However, the time-dependent behaviour of an ADS requires full 3D burnup analyses. 
In order to make these analyses possible the NRG OCTOPUS code system was extended 
to include the possibility of performing 3D burnup analyses with MCNP and 
a burnup code (ORIGEN or FISPACT). 
 
The version of MCNP which is used at NRG was substantially extended with important 
modifications for ADS applications. A useful addition for ADS analyses is the possibil ity to 
generate 3D reaction rates in a calculation. This allows the calculation of power distributions 
and flux distributions in a 3D Monte Carlo calculation. Thus, the insight in the neutronics 
behaviour of an ADS and its role as transmutator may be substantially increased. 
 
Both  criticality analyses and radiation shielding analyses of an ADS may be performed with 
MCNP. The NRG experience with radiation shielding analyses was partially obtained from a 
contribution to the European Fusion Technology Programme. 
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A result of this work was the recognition of the importance of nuclear data for the calculated 
response. This led to a new evaluation of 56Fe nuclear data, which was extensively 
benchmarked. The evaluation experience is used for the generation of new nuclear data 
libraries for ADS as well (see above). 
 
Finally, MCNP is used for the calculation of various nuclear data sensitivity coeff icients. 
This is an important feature in the ADS design phase and for performance prediction, as it 
allows parametric studies with a 3D Monte Carlo code. The results of sensitivity analyses 
may be combined with covariance data in order to calculate the uncertainty in calculated 
responses. 
 
ADS related benchmark calculations with MCNP have already been performed in the 
framework of the IAEA-CRP on "Use of Th-based Fuel cycle in accelerator Driven Systems 
to incinerate Pu and to reduce Long-term Waste Toxicities". 
In the 5th Framework Programme of the EU MCNP calculations will be performed for the 
subcritical neutronics experiment in MUSE and NRG is partner in a new proposal for an 
Experimental Accelerator Driven System. 
 
Thermal-hydraulics safety analysis 
 
In the product group PPT the activities related to Accelerator-Driven Systems are at the 
moment primarily thermal-hydraulics and safety studies. The Light Water Reactor transient 
analysis code TRAC has been adapted to be able to study liquid lead or lead-bismuth 
(sub)critical reactor concepts. In the recent past this code has been used for several transient 
studies on the Fast Energy Ampli fier concept proposed by Rubbia. Currently the code is 
deployed for transient studies within the MYRRHA project. For example the influence of 
several design parameters on the behavior of the system following a primary pump failure has 
been studied. 
 
Target thermal-hydraulics analysis with CFD  
 
NRG participates in three international projects on design of heavy liquid metal spallation 
targets for high neutron intensity sources: the MYRRHA project (lead by SCK-CEN), the 
ESS project (lead by FZJ) and ASCHLIM (an EU Thematic Network, lead by SCK-CEN.) In 
the MYRRHA and ESS projects, the NRG contribution consists of CFD analysis in support of 
target design. The ASCHLIM project is concerned with validation of CFD models for 
thermal-hydraulics analysis of heavy liquid metal spallation targets.  
The MYRRHA concept features a unique windowless lead-bismuth eutecticum (PBE) target, 
in contrast to the closed target container with metal beam-target interface of most ADS 
targets. The design of a stable, cavitation-free beam-target interaction zone with adequate heat 
removal capacity presents great challenges to CFD models. In a bilateral co-operation with 
SCK, NRG is part of the target system design team. The task of NRG is focused on 
developing suitable CFD models for the thermal-hydraulic design of the target. The first 
target design was successfully analysed with CFD, using the STAR-CD code. The CFD 
results showed unstable flow patterns in the feed channels, leading to an uncontrollable free 
surface at the beam-target interface. This behaviour was confirmed in water experiments at 
UCL. Subsequently, a completely new design concept has been developed, which features 
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two annular feeder channels concentric with the beam tube. This so-called top-feeder design 
initially suffered from cavitation near the beam-PBE interface. With help of CFD analyses 
with the STAR-CD code, an improved, cavitation-free design was developed. The present 
work is focussed on developing CFD models which are capable of accurately predicting both 
the position as well as the shape of the free PBE surface. This work, which is still ongoing, 
has up to now involved evaluation of the commercial FLOW3D code and the university free 
surface codes SAVOF and COMFLO of Prof. Arthur Veldman of the Groningen State 
University in the Netherlands.  
The ESS (European Spallation Source) project is a multinational European effort to develop 
the next generation of high intensity neutron sources in Europe, in parallel with similar 
projects in the USA (the SNS project) and Japan (the JSNS project.) The ESS features a liquid 
mercury spallation target with a metal beam-mercury interface which is part of the target 
container. In the international ESS collaboration, FZJ is responsible for the entire target 
design, including spallation target, moderator and system engineering. In a bilateral co-
operation with FZJ, NRG provides CFD support for the thermal-hydraulic design of the 
target. Starting point for this effort was the existing, reference design of the ESS target 
container, on which the pre-design of related and auxiliary systems has been based. 
Consequently, as the first step, extensive CFD analyses of the hydraulics of this design were 
performed to determine the hydrodynamic behaviour of this design, in particular the 
occurence of f low recirculation zones in the beam interaction area. One of the problems 
facing the ESS target are pressure pulses due to sudden heat-up of the practically 
incompressible mercury by the kinetic energy of pulsed beam protons stopped in the target. 
Injection of helium bubbles may provide a means of mitigating the resulting pressure loads on 
the container walls. In two-phase CFD analyses, the behaviour of injected helium bubbles was 
established in order to identify adequate injection conditions (bubble diameters, injection 
positions, bubble velocities) for various distributions of mercury mass flow over the target 
inlet channels. At present, non isothermal CFD analyses are performed in order to establish 
the heat removal capacity of the target and assessing target performance with respect to 
maximum allowable mercury temperature and maximum allowable target wall temperature.  
The objective of the ASCHLIM EU Thematic Network is to validate CFD models for ADS 
heavy liquid metal thermal hydraulics. The focus is on three fields: i) turbulence models for 
predicting the hydrodynamic (isothermal) and heat transfer (non-isothermal) behaviour of 
typical ADS target configurations; ii) free surface flows; iii) two-phase dispersed flows. NRG 
participates in all three fields as part of a consortium of leading European research institutes 
active in ADS development and vendors of major commercial CFD codes applied for ADS 
target design. The project has started in February 2002. 
 
Window material irradiation 
The irradiation effects in structural materials is a critical issue for the integrity of the 
spallation target of a ADS. The irradiation damage consists of important atomic displacement 
rate (order 100 dpa/yr in the window) and spallation elements production (h, He, P, S, Ti, V, 
Ca) that will result in significant hardening and embrittlement. To resist to such severe 
irradiation conditions conventional martensitic steels (9Cr1Mo and 9Cr1MoVNb) and 
experimental clean martensitic steels of 7-9Cr1-2W are proposed. The 7-9Cr1-2W type steels 
are emerging as the most promising among the Low Activation Materials studied for the past 
10 years in the various fusion programmes. In the 5th EU framework programme a research 
project has been established for further material testing taking into account the existing data 
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and the production of spallation elements which is specific of the spectrum the target window 
will have to sustain. In this project the following institutions are working together: CEA(F), 
CIEMAT(E), CNRS(F), ENEA(I). SCK/CEN (B), RIT(S), PSI(CH), and NRG (NL). 
At NRG low temperature (<400 C) up to 10 dpa irradiations of 7-9Cr1-2W in the Material 
testing reactor HFR will be performed with and without spectrum tailoring to evaluate the 
effect of dpa and He production. These irradiations will complete the scarce existing data on 
embrittlement on martensitic steels in a temperature range where the irradiation hardening and 
decrease in fracture toughness are expected to be particularly important. Metallurgy before 
irradiation and also Post Irradiation mechanical testing will be performed in the hot lab of 
NRG with related microstructure examinations. 
Transmutation calculations on the accelerator window have been performed with the codes 
LAHET, MCNP, MCNPX, and FISPACT. 
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KVI  
Kernfysisch Versneller Instituut KVI, 
Zernikelaan 25  
9747 AA Groningen  
contact: S. Brandenburg  
Tel. +31-50-363-3600 (KVI)  
Fax. +31-50-363-4003, 
e-mail: brandenburg@kvi.nl  
 
Who are we?  
 
The Kernfysisch Versneller Instituut (KVI) is a national institute for both fundamental and 
applied nuclear and atomic research. Since the beginning of 1996 it operates a super- 
conducting cyclotron AGOR (Accelerator Groningen ORsay), build in collaboration with the 
lnstitut de Physique Nucleaire at Orsay, France. Agor is a versatile machine which can 
accelerate light and heavy particles: protons from 120 to 200 MeV and all heavier nuclei, 
depending on their charge state, from 6 to 100 MeV per nucleon. As a university institute the 
KVI is supported by the University of Groningen and by the Stichting voor Fundamenteel 
Onderzoek der Materie (FOM). lt has a staff of scientific. technical and administrative nature   
amounting to about 110 FTE.  
 
What are we doing regarding the accelerator option?  
 
The KVI has at its disposal a modern superconducting cyclotron capable of producing a 
variety of nuclear beams including protons with energies up to 200 MeV. In view of studying 
the 'accelerator option' for energy ampli fication we mention the KVI technical expertise on 
cyclotrons (Schreuder, Brandenburg et al.) and the scientific involvement of the lnstitute with 
investigations of reactions on lead and actinide nuclei (van der Woude, Harakeh et al.) and 
with spectroscopy of actinide nuclei (van Klinken et al.).  
KVI takes part in several EU 5th framework programmes, among which HINDAS (High and 
Intermediate energy Nuclear Data for Accelerator-driven System). The KVI is in charge of 
the measurements of the neutron- and light-charged particle multiplicities and participates in 
the measurements of double-differential cross sections. This work is performed in close 
collaboration with the nuclear data group of NRG. 
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IRI/TUD 
Interfaculty Reactor Institute 
Delft University of Technology 
Mekelweg 15 
NL-2629 JB Delft, Netherlands 
 
contact persons:  
Dr. Ir. J.L. Kloosterman 
Prof. Dr. Ir. A.H.M. Verkooijen 
Tel. +31-15278-1191, Fax  +31-15278-6422 
e-mail: j.l.kloosterman@iri.tudelft.nl 
 
Who are we? 
 
The Interfaculty Reactor Institute (IRI) is part of the Delft University of Technology, and is 
the Dutch national centre for education, training and scientif ic research on nuclear reactors 
and applications of ionising radiation. The fundamental research covers the fields of reactor 
physics, neutron physics, radiochemistry, radiation chemistry, nuclear detection methods, as 
well as condensed matter physics.  The institute's facili ties comprise a 2 MW swimming-pool 
nuclear reactor, a 3 MV pulsed electron accelerator, positron beams, and two-phase boili ng 
loops. The institute employs some 220 persons. 
 
What are we doing regarding accelerator driven systems? 
 
Within the research project on accelerator driven systems (ADS), the emphasis is put on the 
dynamics and thermal-hydraulics of ADS, on the fundamental aspects of sub-critical reactor 
physics, and on the measurement and calculation of the reactivity and kinetic parameters. The 
latter research is performed in collaboration with the other partners in the MUSE project.  
The thermal-hydraulics phenomena of ADS are studied by the use of Computational Fluid 
Dynamics (CFD) models. Thermal stresses and their consequences for the integrity of the 
reactor vessel and its internals are being analyzed under normal operating conditions and 
under accident conditions. These stresses are expected during transients caused by a loss of 
power or by uncontrolled changes in the accelerator power. Where possible new improved 
concepts for the design are generated.  
Sub-critical reactor physics concentrates on new techniques for the calculation of higher 
modes in nuclear reactor systems, and the implementation of these techniques in existing 
and/or newly developed codes. Because each mode has its own dynamic characteristics, 
knowledge of the higher modes is important to assess the overall dynamics behaviour of 
ADS. Furthermore, knowledge of the higher modes is important to correctly interpret the 
experimental results. 
Within the framework of the MUSE project, neutron noise experiment are performed at the 
Masurca Facility in Cadarache (F). The measurements include pulse-counting experiments 
applied to the reactor in both critical and sub-critical state, continuous current measurements 
applied to the critical reactor, and pulsed neutron source experiments applied to the sub-
critical accelerator-driven configuration. 
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In the pulse counting experiments, depending on the detector eff iciency, we either record the 
number of neutron detection in fixed time intervals with a width of a few microseconds, or the 
actual time of neutron detection. Both formats can be used in the Feynman-a, Rossi-a, and 
auto correlation and cross correlation analyses. The special-purpose data-acquisition software 
has been written in the LabView G-Language, while the data-analysis software has been 
coded both in the G-Language and the PV-Wave language. 
In the continuous current measurements, the ionisation current from the detectors is converted 
and after various filtering and ampli fication steps sampled and stored on disk. Analysis 
software written in the PV-Wave language is used to calculate the auto power spectral density 
(APSD) and the cross power spectral density (CPSD).  
A special version of MNCP containing digital signal processing routines (MCNP-DSP) is 
used to simulate and analyze the experiments. Unfortunately, the analogue Monte Carlo 
method applied by MCNP-DSP is not suitable for large reactor systems and low eff iciency 
detectors, as is the case in MASURCA. Therefore research focuses on improvements. The 
first one is to unlink the actual Monte Carlo calculation from the digital processing routines. 
In this way, multiple experimental methods can be simulated from the data collected during 
only one Monte Carlo transport calculation, or, when the Monte Carlo calculations are made 
separately for each source, the experimental result for different combinations of sources can 
be generated. Furthermore, input parameters to the experimental method like sampling 
frequency and the measuring time, and the input parameters to the source like relative strength 
and the source pulse frequency can be varied in the post-processing phase instead of being 
fixed in advance of the Monte-Carlo calculation. 
The second improvement is the introduction of non-analogue techniques to increase the 
eff iciency of the Monte Carlo transport calculation. Although it seems trivial to apply 
standard available variance reduction techniques, it is not if one wants to preserve the higher-
order moments needed to simulate the experiments li ke the variance in Feynman-a 
measurements. The new methods developed improve the eff iciency of the Monte Carlo 
calculations to a huge extent  (typically a factor of 100), which enables us to simulate pulse-
counting experiments in large reactor systems. 
 


