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Introduction

In the Netherlands substantial R& D-eff orts were and still are being spent to the issue of long
lived nuclear wade, which is a criticd issue of nuclear energy. Within this scope diff erent
concepts to minimise the nuclea wage isaues are being considered. One promising concept
appeas to be the Accderator Driven System (ADS) asit hasbeen propcsad by C. Rubhia of
CERN. Apart from the obvious advantages in terms of low wade production and
transmutation capacity, this cncept also enhancesprospects with regard to nwclea safety and
efficient long-term useof energy resources

Collaboration hasbeen sought with ather international teams working on ADS. The bil ateral
coll aboration agreament in the field o "Innowative Systems for the Badk-end d the Fuel
Cycle" between CEA and NRG assigned in 1998 has sibstantiated such co-operation. This
co-operation covers the technical fields of nuclear data, reactor physics and innowative fuels.

Within the Netherlands co-operation with the institutes (NRG, KVI, NIKHEF, IRI) is
fostered (originaly labelled the CLEAN-co-operation). Each o these Dutch institutes is
introduced below together with a sImmary 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

Nuclea Reseach and Consultancy Group
P.O. Box 25,

1755ZG Petten

The Netherlands

contact persons:

Actinide and fission roduct recyding

R.P.C. Schram (department Fuel, Actinides and I sotope9
Tel. +31-22456-4362 Fax +31-22456:8608

e-mail: schram@nrg-nl.com

Accderator Driven Sygems

A. J. Koning (department Fuel, Actinides and I sotopes
Tel. +31-22456- 4051, Fax +31-22456 8490
e-mail: koning@nrg-nl.com

Computational Fluid Dynamics

V.Wichers (department Plant Performance & Tedhndogy)
Tel. +31-224-56-4656,Fax +31-224-56-3490

e-mail: wichers@nrg-nl.com

Who ae we?

NRG, an ECN-KEMA company, was etablished in 1998throughthe merger of ECN's and
KEMA's business ativities in the nuclear fields. NRG provides epertise and servicesin
suppat of the sde, eclogicdly sound and efficient use of nuclear installations and develops
and applies pin-off techndogy for the nonnuclea markets. In addition NRG participatesin
techndogy development programs for advanced nuclear power reador designs.

NRG isdivided in six product groups:

Materials, Monitoring & | nspection

Fuels, Actinides and | sotopes

Risk Management & Dedsion Analysis

Radiation & Environment

Irradiation Services

Plant Performance and Techndogy

The product groups offer services for energy uilities government organisaions and various
branchesof industry.

The adivities de<cribed in this paper are being performed in the product groups Fuels,
Actinides and lIsotopes (FAI), Plant Performance ad Tedndogy (PPT), Materials,
Monitoring& | nspection (MM ), and Irradiation Services (1S). NRG has awide experiencein
the irradiation and Post Irradiation Examination (PIE) of nuclear fuels, and related nuclear
and thermal caculations for such experiments. Further nuclear research is performed on
severa levels, ranging from badc nuclea data axd transport modelling to full-core
optimisaion and core calculations using 3D steady-state and transient analysis cdes The
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product group IS operatesthe High-Flux-Reador HFR-Petten and the Hot Cell Laboratories,
where regectively theirradiation and PIE are performed.

A major reseach programme within NRG is the RAS programme (Recycling van Actiniden
en Splijtingsproducten, a Dutch aconym) to invedigate partitioning and transmutation d
adinides and long-lived fisson products.

NRG aso paysakey role in the Thorium projed and in the various EFTTRA experiments.

What are we doing regarding the accderator option?

NRG is primarily intereded in Accderator-based reador systems from the point of view of
wade reduction, and as aconseguence AD S projed are often interrelated with P& T projeds.

NRG hasmain R&D programmeson

a) - Regycling d Actinides ad Fission Products (RAS)

This adivity of NRG mainly is focusseal onthe recycling of Actinides and fisson products
under the project acronym RAS. The ADS is being studied as wade management option
rather than as dectric power supgier.

b) - The development of nuclear data filesfor adivation and intermediate energy neutron and
proton-induced cross sections. There is a close international coll aboration with NEA/IAEA
and institutes working on nuelea datafor intermediate energies NRG cooperateswith KV | of
Groningen University (AGOR faadlity) for measirements of proton-induced reactions .

NRG wasinvoved in two ealier EU studies, one on Thorium and ore on Accderators, in the
NEA exchange programme on Partitioning and Transmutation, and in the CRP of 1AEA on
Accderator-basal systems.

An owerview of some primary agpeds of our ADS/P&T adivities ae preseited below. The
present and forthcoming adivitiesrelated to ADSand P& T are:

Evauationof P&T (RAS), including ADS asoption for wage transmutation
Fuel and targets irradiation experiments, including

Tc, I, Amirradiations

Th fuel irradiations
Nuclea models and nwlea datafilesin the energy rangeupto 200MeV
Readorphysics gudies including

code development

Monte Carlo cdculations with burnup
Thermal-hydraulics analysis

System analyses ad sdety

Target design evaluation
Material Science

Window sted irradiations
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Fuel and Targets

Transmutation d |, Tc, and Americium

In order to be &le to transmute americium, plutonium and fisson products (e.g. | and Tc) in
an efficient manner, detailed knovledge on the impad of irradiation onthe behaviour of these
elements or inert matrices containing these éementsisrequired. Table 1 gves a owverview of
the irradiation experiments in the HFR studying this topic. Part of the irradiation programme
of NRGisbeing performed in close cooperation with the EFTTRA group.EFTTRA, which is
the aronym for Experimental Feasbility 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 PS.
The fisgon product iodine hasbeen irradiated in the form of Cel3, Nal and Pbl2 contained in
stainless geel tubes. Theirradiation of Cel3 and Nal wasvery succes$ul and dcetailed PIE has
been performed. Theirradiation d Pbl2 wasless scces$ul due to strongchemicd interaction
between the stainless ded container and the Pbl2. Metallic tedhnetium rods have been
irradiated very succes$ully to a rod average transmutation d 18% and a locd pe&k value of
35%. No change in the microstructure and an insignificant swelling d the rod were obseved.

In arder to be ale to transmute plutonium and americium efficiently, inert matrices
are required in order to dilute the actinide and seve asa host material. The inert matrices
shoud fulfil many constraints, such as high melting point, high thermal condtctivity, low
swelling, low neutron cross setion, no formation d longlived radiotoxic isotopes etc.
Various materials are presently under investigation, such as MjyAI204, (Zr,Y)O2 and
Y 3AI15012. ThO2, which has agood tkehaviour under irradiation, is dso suggeded as an inert
matrix, althoughsome long-lived adinides ae formed duingirradiation.

From the reseach that has been performed up till now it can be concluded that:
The fisgon products | and Tc can be transmuted withou significant material problems, bu
their neutron absorption cross ®ctions ae rather low.
The adinides Am and Pu can be transmuted, but several topics are still under investigation.
Thesetopics are:
i) which inert matrix should be used,
i) how shoud the adinides be dispersed in the inert matrix (particles or homogeneous
solutions),
iii) which fuel-rod desgn shoud be used.
Thesetopics were subjed of the new EFTTRA propasd in the 5th Framework Programme of
the EU, bu this wasrejected.

Table 1 ADS related transmutation irr adiation experiments in the HFR

Name Desciption Status

Tl technetium andiodine Compl eted

T2 Tedhnetium Compl eted
neutron camage in inert matrices Completed

T2bis neutron damage in inert matrices Completed

T3 neutron damage in inert matrices Compl eted
inert matrix fuel using enriched UO2 Compl eted
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T4 americium in spinel Compl eted

T4bis americium in spinel Compl eted

T4ter central fuel temperature of spinel/UO2 Completed

OTTO inert matrices @mntaining dutonium PIE ongdng

T5 americium in inert matrices Proposd

Thorium ThO2 basel fuel Irradiation ongang

Th fud irraditions

The use of thorium offers dhallinging options for nuclear wade reduction, bdh at the back
end and at the front end d the fuel cycle. In the pad 4th Framework Programme of the EU
the Thorium fuel cycle has been studying aiming at wade reduction. In the 5th Framework
Programme anew project has started to suppdy key data for application of the Th-cycle in
PWRs, FRs and ADS, related to Pu/TRU burning and reduction d the lifetime of nuclea
wade. To achieve this, the irradiation behaviour of Th/Pu fuel at high kurnupand for relevant
neutronic conditions will be examined. The very high PW/TRU consumptionin Th/Pu fuel will
be validated by full core cdculations. Esseitial nuclea data for the Th cycle will be
determined experimentally in another EU project.

In this project NRG collaborates with BNFL(GB), CEA (F), FZ)(D), JRC-IAM, JRC-ITU,
KWO(D).

In the mntext of NRGs intered in reducing the wage problem with help of ADS, NRG takes
also part in the IAEA-CRP on "Useof Th-basel Fuel cycle in acalerator Driven Systems to
incinerate Pu and to reduce Longterm Wade Toxicities'. With the 3D Monte Carlo code
MCNP different benchmark sampleshave been calculated and intercompared.

Nuclea data evaluation and validation

At NRG, considerable effort is devoted to the provision d nuclea data that are spedfic to
ADS.

The detailed engineering desgn d an ADS will require that the performance of the gallation
target and all the problems related to the existence of high-energy particles can be predicted
with sufficient acairracy. Some of the important quantitiesto assessre:

intensity and spatia distribution d the gallation neutron flux outside the target,
radiation damage and ggs production in target, window and structural materials,
radiotoxicity, adivity and corrosion problemsinside the target,

required shielding to neutrons with much higher energiesthan in conventional reectors.

Provision of ADS related data is mainly done by means of theoreticd development and
computational implementation d nuclear models. For ADS, cross setions for the important
materials need to be known for ALL possble reaction channels. This total amourt of required
information is 2 large that experiments done can never cover the nuclea data needs. To fill
this gap, the nuclear data must be smulated computationally, with the help o theoretical
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nuclear readtion models benchmarked against experimental data. The models can then be used
in aress where no measirements exist. At NRG, nowel optical models, pre-equili brium,
fisson, drect and statistical models have been developed and implemented to gve an
enhanced desaiption of nuclear reactions for nucleon energiesup to 200 MeV. A particular
improvement concerns the desgiption d intermediate energy fisson yields for adinides and
sub-adinides. The reallts ae usal to generate nuclear data librariesup to 200MeV, which
can be used in combination with intranuclear casade models that are better for the
desciption above 200MeV. Apart from this ongang model and software development, NRG
has dready 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 Nuclea Datafor Accderator-driven System). Within this projed, NRGis mnstructing
a new nuclea model code, TALYS, that will result in improved nwclear data libraries for
ADS-relevant materias, for energies between the unresolved resonance range and several
hundeds of MeV.

Reador Physicsstudies

The neutronicsbehaviour of an ADSis an important subjed to be gudied in the development
phase Detalled ADS desgn studiescall for an accurate 3D geometry model.

Preferably, these tudies $ioud therefore be performed with Monte Carlo codes

At NRG substantial effort was put into the use of the Monte Carlo code MCNP (and the
speda high-energy versson MCNPX) for AD S appli cations.

Thiswork has a tose cnnedion with the nuclear data evaluation activity.

Bagc datalibrariesfor high-energy AD S applicaions ae converted at NRG

for usein MCNP, so that the most recent and acarrate data ae used in the ADS neutronics
analyses This processng adivity is avery specialistic job, which is performed with

many yeas of experience.

Extensively vali dated software is used, which leads to high-quality nuclear data libraries
which are used for al Monte Carlo radiation transport analyses

The code MCNP inits gandard shape can orly be usal for static cdculations.

However, the time-dependent behaviour of an AD S requiresfull 3D burnupanalyses

In order to make these aalysespossible the NRG OCTOPUS code g/stem was extended
to include the posshility of performing 3 burnupanalyseswith MCNP and
aburnupcode (ORIGEN or FISPACT).

Theversion d MCNP which isused at NRG was substantially extended with important
modificaions for ADS applications. A useful addition for ADS analyses is the possbility to
generate 3D reaction ratesin a cdculation. This dlows the calculation of power distributions
and flux dstributions in a 3D Monte Carlo calculation. Thus, the insight in the neutronics
behaviour of an AD S and its role as transmutator may be substantially increase.

Both criticdity analyses and radiation shielding analyses of an ADS may be performed with
MCNP. The NRG experience with radiation shielding analyseswas partially obtained from a
contribution to the European Fusion Techndogy Programme.



A reallt of thiswork wasthe recgnition d the importance of nuclea data for the cdculated
reporse This led to a new evaluation d °%Fe nuclear data, which was etensively
benchmarked. The evaluation experience is used for the generation d new nuclea data
librariesfor ADS aswell (see &aove).

Finally, MCNP is usel for the calculation d various nuclear data sesitivity coefficients.

This is an important feaure in the ADS dedgn phase ad for performance prediction, asit
alows parametric dudieswith a 3D Monte Carlo code. The reallts of sensitivity analyses
may be combined with covariance data in order to caculate the uncertainty in cdculated
reporses

ADS related benchmark caculations with MCNP have dready been performed in the
framework of the IAEA-CRP on "Useof Th-based Fuel cycle in accelerator Driven Systems
to incinerate Pu andto reduce Longterm Wade Toxicities".

In the 5th Framework Programme of the EU MCNP cdculations will be performed for the
subcritical neutronics eperiment in MUSE and NRG is partner in a new propcsal for an
Experimental Accderator Driven System.

Thermal-hydraulics sdety analysis

In the product group PPT the ativities related to Accelerator-Driven Systems ae & the
moment primarily thermal-hydraulics and séety studies. The Light Water Reador transient
anaysis cde TRAC has been adapted to be ale to study liquid lead o lead-bismuth
(sub)critical reador concepts. In the recent past this amde has been useal for severa transient
studies on the Fag Energy Amplifier concept propcsed by Rubhia. Currently the code is
deployed for transient studies within the MYRRHA project. For example the influence of
severa design parameters on the behavior of the s/stem foll owing a primary pump fail ure has
been studied.

Target thermal-hydraulics analysis with CFD

NRG participates in three international projeds on desgn of heavy liquid metal spallation
targets for high reutron intensity sources. the MYRRHA projed (lead by SCK-CEN), the
ESSprojed (lead by FZJ) and ASCHLIM (an EU Thematic Network, lead by SCK-CEN.) In
the MYRRHA and ESS projeds, the NRG contribution consists of CFD analysisin suppat of
target desgn. The ASCHLIM projed is @ncerned with validation of CFD models for
thermal-hydraulics analysis of heavy liquid metal spallation targets.

The MYRRHA concept feaures aunique windowlesslead-bismuth eutedicum (PBE) target,
in contrag to the dosed target container with metal beam-target interface of most ADS
targets. The desgn d a dable, cavitation-free beam-target interaction zone with adequate hea
removal cagpadty preseits great challengesto CFD models. In a bilateral co-operation with
SCK, NRG is part of the target system desgn team. The tak of NRG is focusad on
developing suitable CFD models for the thermal-hydraulic design d the target. The first
target design was siccessully analysed with CFD, using the STAR-CD code. The CFD
reallts showed urstable flow patterns in the feed channels, leading to an uncontrollable free
surface & the bean-target interface. This behaviour was confirmed in water experiments &
UCL. Subsequently, a completely new desgn concept has been developed, which feaures



two anndar feeder channels concentric with the beam tube. This $-called top-feader desgn
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 preseit
work is focussed ondeveloping CFD models which are cgable of accurately predicting loth
the position aswell as the dape of the free PBE surface This work, which is still ongang,
hasup to nav invaved evaluation of the cmmmercial FLOW3D code and the university free
surface ©des SAVOF and COMFLO of Prof. Arthur Veldman o the Groningen State
University in the Netherlands.

The ESS(European Spall ation Source) projed is amultinational European effort to develop
the next generation d high intensity neutron sources in Europe, in paralel with similar
projectsin the USA (the SNS project) and Japan (the IBNS project.) The ESSfeaures aliquid
mercury spallation target with a metal beam-mercury interface which is part of the target
container. In the international ESS collaboration, FZJ is regporsible for the entire target
desgn, including spallation target, moderator and system engineaing. In a bilateral co-
operation with FZJ, NRG provides CFD support for the thermal-hydraulic desgn d the
target. Starting pant for this dfort was the existing, reference desgn of the ESS target
container, on which the pre-design o related and auxiliary systems has been basel.
Consgquently, asthe first step, extensive CFD analysesof the hydraulics of this desgn were
performed to determine the hydrodyramic behaviour of this desgn, in perticular the
occurence of flow redrculation zones in the bean interaction area. One of the problems
faang the ESS target are pressre pulses due to sudden hea-up of the pradicaly
incompressble mercury by the kinetic energy of pulsed beam protons dopped in the target.
Injection d helium bubdesmay provide ameans of mitigating the resulting pressire loads on
the container walls. In two-phaseCFD analyses, the behaviour of injected helium bubbdeswas
edablished in arder to identify adequate injedion condtions (bubde diameters, injedion
pasitions, bublde velocities) for various distributions of mercury massflow over the target
inlet channels. At present, nonisothermal CFD analyses are performed in order to edablish
the heat removal cgpacity of the target and assesBig target performance with reped to
maximum all owable mercury temperature and maximum all owable 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 hea transfer (nonisothermal) behaviour of
typical ADS target configurations; ii) free sirface flows; iii) two-phasedispersed flows. NRG
participatesin all threefields aspart of a cnsortium of leading European research ingtitutes
adive in ADS development and vendars of magjor commercial CFD codes gplied for ADS
target design. The project hasstarted in February 2002.

Window material irradiation

The irradiation effeds in structural materials is a citical isue for the integrity of the
spallation target of a ADS. The irradiation damage wnsists of important atomic displaceanent
rate (order 100 d@/yr in the window) and spallation elements prodwction (h, He, P, S, Ti, V,
Ca) that will reailt in significant hardening and embrittlement. To resst to such severe
irradiation condtions conventiona martensitic deels (9CrilMo and 9CrlMoVNDb) and
experimental clean martensitic steels of 7-9Cr1-2W are propased. The 7-9Cr1-2W type geels
are emerging asthe most promising among the Low Activation Materials gudied for the pad
10 yeas in the various fusion programmes In the 5th EU framework programme a reserch
project hasbeen edablished for further materia teding taking into acmunt the eisting data




and the production d spall ation elements which is gedfic of the pedrum the target window
will have to sustain. In this project the following institutions ae 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 dm irradiations of 7-9Cr1-2W in the Mderia
teding reactor HFR will be performed with and withou spedrum tailoring to evaluate the
effed of dpa and He production. Theseirradiations will complete the arce eisting data on
embrittl ement on martensitic steelsin atemperature range where the irradiation hardening and
deaeasein fradure toughress e expeded to be particularly important. Metallurgy before
irradiation and also Post Irradiation medhanicd teding will be performed in the hot lab of
NRG with related microstructure examinations.

Transmutation cdculations on the accéerator windov have been performed with the codes
LAHET, MCNP, MCNPX, and FISPACT.
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Kernfysisch Versneller Instituut KV 1,
Zernikelaan 25

9747AA Groningen

contact: S. Brandenburg

Tel. +31-50-363-3600(KV 1)

Fax. +31-50-363-4003,

e-mail: brandenburg@kvi.nl

Who ae we?

The Kernfysisch Versneller Instituut (KVI) is anational institute for both fundamental and
applied nuclea and atomic reseach. Since the beginning of 1996 it operates a super-
conduwcting cyclotron AGOR (Accderator Groningen ORsay), buld in coll aboration with the
Institut de Physique Nucleaire & Orsay, France Agor is a versdile madciine which can
acceerate light and heavy particles: protons from 120 to 200 MeV and al heavier nucle,
depending on their charge gate, from 6 to 100MeV per nucleon. As auniversity institute the
KVI is suppated by the University of Groningen and by the Stichting voa Fundamented
Onderzoek der Materie (FOM). It has a $aff of sdentific. technicd and administrative nature

amourtingto abou 110FTE.

What are we doing regarding the accelerator option?

The KVI has 4 its disposd a modern supercondicting cyclotron capable of produwcing a
variety of nuclear beams including protons with energies up to 200 MeV. In view of studying
the ‘acceerator option' for energy amplificaion we mention the KV I tedchnical expertise on
cyclotrons (Schreuder, Brandenburg et al.) and the sgentific involvement of the Institute with
invedigations of readions on lead and adinide nuclei (van der Woude, Harakeh et al.) and
with spectrosaopy d adinide nuclei (van Klinken et al.).

KV takespart in severa EU 5th framework programmes amongwhich HINDAS (High and
Intermediate energy Nuclear Data for Accderator-driven System). The KV is in charge of
the measirements of the neutron- and light-charged particle multiplicities and perticipatesin
the measirements of doude-differential cross sedions. This work is performed in close
coll aboration with the nuclear data group d NRG.

1C
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IRI/TUD
Interfaculty Reador Institute
Delft University of Technology

Mekelweg 15
NL-2629JB Delft, Netherlands

contact persons:

Dr. Ir. J.L. Kloosterman

Prof. Dr. Ir. A.H.M. Verkoaijen

Tel. +31-152781191,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 Tecdhndogy, and is
the Dutch national centre for educaion, training and sdentific reserch on nwlea reactors
and applications of ionising radiation. The fundamental reseach covers the fields of reador
physics neutron physics radiochemistry, radiation chemistry, nuclea detection methods, as
well as ondensed matter physics The institute's fadli ties @mprise a2 MW swimming-pool
nuclear reactor, a 3 MV pulsed electron acerator, pasitron beans, and two-phase baili ng
loops. Theingtitute anploys osme 220 persons.

What are we doing regarding accderator driven systems?

Within the reseach projed on accelerator driven systems (ADS), the eanphass is put on the
dynamics and thermal-hydraulics of ADS, on the fundamental ageds of sub-critical reactor
physics, and on the measirement and caculation d the readivity and kinetic parameters. The
latter resarch is performed in coll aboration with the other partners in the MUSE projed.

The thermal-hydraulics phenomena of ADS are dudied by the use of Computational Fluid
Dynamics (CFD) models. Thermal stres®s and their consequencesfor the integrity of the
reactor vessel and its internals ae being analyzed under normal operating condtions and
under accident condtions. These fresses i@ expeded duing transients caised by a loss of
power or by uncontrolled changesin the accderator power. Where passble new improved
concepts for the design are generated.

Sub-critical reactor physics @ncentrates on new tedniques for the cdculation of higher
modes in nuwlear reactor systems, and the implementation of thesetedhniquesin existing
and/or newly developed codes Because each mode has its own dyramic charaderistics,
knowledge of the higher modes is important to assesshe overal dynamics behaviour of
ADS. Furthermore, knowvledge of the higher modes is important to corredly interpret the
experimental reaults.

Within the framework of the MUSE project, neutron nase experiment are performed at the
Masurca Facility in Cadaradche (F). The measirements include pulse-courting experiments
applied to the reactor in bah critical and sub-critical state, continuows aurrent measirements
applied to the aitical reador, and pused neutron source experiments gplied to the sub-
critical accderator-driven configuration.
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In the pulse ©urting experiments, depending o the detector efficiency, we ather record the
number of neutron detedionin fixed time intervals with awidth of afew microseonds, or the
adua time of neutron cdetection. Both formats can be used in the Feynman-a, Rossi-a, and
auto correlation and cross rrelation analyses The geda-purpose data-aaquisition software
has been written in the LabView G-Language, while the data-analysis ftware has been
coded bah in the G-Language and the PV-Wave language.

In the continuous aurrent measirements, the ionisation current from the detedorsis converted
and after various filtering and amplification steps sanpled and stored on dsk. Analysis
software written in the PV-Wave language is used to calculate the auto power spedral density
(APD) and the aoss power spedral density (CPD).

A speda version & MNCP containing dgital signal processing routines (MCNP-DSP is
usad to simulate and analyze the experiments. Unfortunately, the analogue Monte Carlo
method applied by MCNP-DSP s not suitable for large reador systems and low efficiency
detectors, as is the cae in MASURCA. Therefore research focuseson improvements. The
first one is to urink the acdual Monte Carlo cdculation from the digital procesing routines
In this way, multiple experimental methods can be smulated from the data @lleded duing
only one Monte Carlo transport calculation, a, when the Monte Carlo cdculations ae made
seoarately for ead source the experimental reault for different combinations of sources ca
be generated. Furthermore, input parameters to the experimental method like sanpling
frequency and the measiring time, and the input parameters to the source like relative drength
and the source pulse frequency can be varied in the post-procesing phaseinstead of being
fixed in advance of the Monte-Carlo cdculation.

The seond improvement is the introduction of nonanalogue techniques to increase the
efficiency of the Monte Carlo transport calculation. Although it seems trivial to apply
standard avail able variance reduction techniques it is not if one wantsto preseve the higher-
order moments needed to simulate the experiments like the variance in Feynman-a
measirements. The new methods developed improve the dficiency of the Monte Carlo
cdculations to a huge extent (typically afactor of 100), which enablesus to simulate pulse-
courting experimentsin large reactor systems.



