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‘REACTOR PHYSICS ACTIVITIES IN NEA MEMBER COUNTRIES
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held at the Technical Research Centre of Finland in Helsinki, from 14th to
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AUSTRALIA

REACTOR PHYSICS ACTIVITIES IN AUSTRALIA

(October 1986 ~ September 1987)
by

G.S. Robinson

Australian Nuclear Science and Technology Organisation,
Lucas Heights Research Laboratories, Menai 2234, Australia.

1.,  RESEARCH REACTOR STUDIES

(i) Neutronic Modelling of HIFAR

A neutronic model of HIFAR which may be used to simulate reactor
operations is currently under development. The calculations will be
performed in the AUS system (Robinson, 1975) using the POW (Pollard, 1974)
and CHAR (Robinson, 1986) modules for neutron diffusion and burnup
respectively, A fuel management module HIFUME is currently being written to
control the calculations. It is intended that the complexities of AUS and
the models employed will be effectively hidden from the user, and that the
model can be applied to routine fuel management calculations.

A 2-group coarse mesh (30%30) XY model of HIFAR giving results which
compare well with those from the previous 5-group, finer-mesh model

(Harrington, 1984) has been established. The cross-sections used have been
condensed to 2 groups through bilinear weighting by fluxes and adjoints from
an RZ calculation of HIFAR., Both microscopic cross-sections for individual
nuclides and macroscopic materials cross-sections have been generated as a
function of fuel element burnup. The set of nuclides is sufficient for
calculating fission product transients.

The model includes an artificial set of absorbers on the boundary of the
core to correct for the errors introduced by smearing the fuel elements and
to account partially for the coarse control arms. A method of including the
effect of rigs has been developed and a library of the required absorber
concentrations for the past five years' operation has been generated, This

was done in the course of applying the model, with macroscopic fuel cross-
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sections as a function of burnup only, to that period. The results were

quite satisfactory.

(ii) Tailored Epithermal Neutron Beams in HIFAR for BNCT

For the boron neutron capture therapy (BNCT) of deep seated metastatic

melanoma, an epithermal (up to a few keV energy) neutron beam from the HIFAR
10H horizontal facility could be useful if the inherent contamination from
fast neutroms and gamma rays could be minimised.

Calculations for HIFAR showed that, even though a filter material such
as AlF4 attenuates the fast neutron dose, the beam quality improvement is
counteracted by a relative increase in gamma flux arising from neutron
captures in the filter materials, particularly the aluminium. Published
studies of the effectiveness of epithermal neutron filters for BNCT
applications have almost universally failed to consider this effect and its
contribution to the general tissue dose.

Because the aluminium gammas are of high energy, they cannot be
attenuated by lead or bismuth without comparable attenuation of the
epithermal neutron flux. Most of them, however, arise from thermal neutron
captures and the addition of an absorber such as OLi (which emits an alpha
particle when a thermal neutron is captured) was investigated as a means of
reducing the hard gamma source. While the calculations showed that some
improvement in beam quality could be expected from the addition of 6Li to Fhe

AlFa3, a conceptual tangential beam with no filter would still be superior.

2.  REFERENCES

Harrington, B.V, (1984) - Neutronics Models for the HIFAR Reactor.
AAEC/ES71.

Pollard, J.P. (1974) - AUS module POW -~ A General Purpose ¢, 1 and 2D
Multigroup Neutron Diffusion Code including Feedback-free Kinetics.
AAEC/E269,

Robinson, G.S. (1975) -~ AUS ~ The Australian Modular Scheme for Reactor
Neutronics Computations. AAEC/E369.

Robinson, G.S. (1986) - CHAR and BURNMAC - Burnup Modules of the AUS
Neutronics Code System. AAEC/E624.
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AUSTRIA

AUSTRIAN RESEARCH CENTER SEIBERSDORF (0FZS)
INSTITUTE OF REACTOR SAFETY:

In collaboration with KFA-Jiilich methods are elaborated for
the calculation of mixed HTR cores. These mixed HTR cores
occur during the change from highly enriched uranium to low
enriched uranium fuel cycles. Special emphasis is placed
upon the treatment of the resonance integral since now not
only Thorium but also UYranium 238 appear as resonance absor-
ber materials. With these upgraded methods the measured Pu
239 amounts from burnt fuel elements will be predicted more
accurately.



BELGIUM

REACTOR PHYSICS ACTIVITIES IN BELGIUM
September 1986 -~ August 1987
compiled by J. DEBRUE (SCK/CEN, MOL)

THERMAL REACTORS

Critical experiments

The validation of calculation methods applied in pressure vessel sur-
veillance programmes 1s the objective of measurements performed in the

VENUS critical facility.

The reactor configuration studied in VENUS simulates the main features
of a PWR core (fig. 1) : low enriched UO2 or UOZ—PuO2 fuel pins,
staircase~shaped core boundary, core baffle, barrel, neutron pad. The
investigated parameters are the pin-to-pin power. distribution, the
propagation of the neutrons outside the core, the damage exposure and
the gamma heating in the steel structures. Most important 1in a
surveillance programme is the fast neutron fluence accumulated in the
vessel, at the maximum of the azimucthal distribution. The experimental

effort is therefore concentrated on this aspect of the computer code

validation.

The VENUS-1 core previously studied contained UO2 fuel exclusively.
Concerning the fast neutron flux measurements outside the core, a
general agreement was found with calculations although the C/E values
decreased with the distance from the core boundary, mainly at high
energy. The thecretical analysis was made with DOT 3.5 in (R,9)
geometry, using the S_,P, approximation and 17-group cross-sections

83
derived from the VITAMIN-C l71-group library.



The VENUS-2 core now under investigation has been defined in order to
examine how far major conclusions from the VENUS—1 study can be affected
by significant amounts of plutoniﬁm—239 in the outer regions of the core
loading, This simulates the presence of high burn~up fuel assemblies
placed at the core periphery in power reactors in order to decrease the

neutronic exposure of the reactor vessel.

The major part of the measurements for the VENUS-2 campaign has been
completed. Scanning of irradiated fuel rods from a 45° sector (see fig.
1} has provided the core power distribution; for an average value : 1.0,
the fission demsity varies in the range 1.52 to 0.24 according to the
location. Computed and measured results agree within better than 5 Z in
the UO2 zones and C/E values in the range 1.03 to 1.09 are observed in
the UOZ-PuO2 zone.

For the neutron propagation outside the core, the selected measurement
locations were concentrated on two radial and one azimuthal traverses.
Several sensors were used 238U(n,f), 237Np(n,f), 103Rh(n,n'),
llsln(n,n'), as in the VENUS-1 campaign, but also 64Zn(n,p), 27Al(n,u),
58Ni(n,p) in order to clarify the discrebancies in the high neutron
energy range. 1n particular, axial buckling measurements in the outer
structures are examined, to study the space-energy dependence of the
axial leakage which should be taken into account in the two-dimensional
(R,9) calculations.

Results of measurements and their analysis can be found in [1JL2]03].

It is planned to pursue the VENUS programme in collaboration with US
laboratories after completion of the VENUS-2 study. The objective of
VENUS-3 will be to support the PLSA (Partial Length Shielded Assembly)
concept L4], aiming at a strong decrease of the neutron fluence in the
circumferential welds of a vessel. A feasibility study has been carried
out and the validity of a simulation of this effect in VENUS has been

confirmed.
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Development of reactor codes

The physics methods wused by BELGONUCLEAIRE for calculating LWR
performances have been reviewed [5]. The main tools are the LWR-WIMs
code and MICROLUX, a three-~dimensional simulator code, which provides
depletion and load-follow calculation results; In MICROLUX, a nodal
formalism calculates the 3«D power distribution and the critical boron
concentration using a modified one-group coupling model; on the basis of
nodal results, a fine-mesh option can determine the rod-to-rod power
distribution over selected fuel assemblies. Typical accuracies are : +
200 MWd/t on cycle length, + 15 ppm on critical boron concentratior, *

5.10_5/°C on moderator temperature coefficient.

The utilization of MICROLUX as a part of the expert system installed in
the control room of a power plant has been investigated. The expert
system provides information to the operators and allows a better
understanding of the operating events. The comparison of experimental
data obtained at the DOEL-3 power plant during two cycles with the
MICROLUX theoretical results showed the ability of this code to

calculate the main reactor parameters. In particular, a return to full

power after a shut-down period of six hours was analysed [6]. Axial.

offset deviation outside the operational limits did not permit to
restart the plant as expected, but only after a l8~hour operation at low
poﬁer. The MICROLUX analysis allowed to clarify inconsistenciles between
the in- and ex-core instrumentation concerning this axial ofiset and
demonstrated that the one-line application of such a code can contribute

to a safer and more economical operation of the reactor.

MERCATOR, a nodal code developed by TRACTEBEL for solving the two-group
diffusion equation on large reactor cores, has previously been described
in a NEACRP paper [7]. The high accuracy of the M20 version of MERCATOR
{2 D, two-group, homogeneous nodes) has been demonstrated in a 2 D TAEA
benchmark exercise, with one or four nodes per fuel assembly (1 N/A or 4
N/A)., Tests on practical data (Biblis, Tihange) led to the same
conclusion, with a typical speed of 5 cycles in 1 N/A or 3 cycles in 4
N/A partition. Execution speed of MERCATOR enables to include it in a
interactive assembly repositioning software which is currently used for

the core management of the Tihange reactors. New developments have been



undertaken (M25, M30 versions); they concern a 3-D extension and

heterogeneity corrections [8].

At the Unjversity of Brussels, a new nodal method is being developed for
the solution of 2 D multigroup transport problems. This method uses
standard partial integration to, first, reduce the problem to a
cne~dimensional transport equation with transverse leakage. A formal
integration of the 1 D problem is then performed, using trial functions
which are harmonic polynomials, therefore solutions of the Boltzmann
equation for ¢ = 1 in infinite media. Circular permutation ylelds a set
of '"response matrix" equations, relating incoming and outgoing current
moments in adjacent cells which are solved by classical techniques. The
resporise matrix elements can be evaluated analytically using symbolic
programming techniques. This allows a compact formulation and an easy
reevaluation of these response matrix elements when cfoss-sections
change by feedback. The proposed method has been applied to the Biblis
benchmark problem. Concerning the compuier time, this method is much
faster than a similar diffusion code which for a comparable accuracy

requires a much higher number of nodes per assembly [9].

Noise measurements

Several papers will be presented at the SMORN-V meeting in Munich
(October 1987). They will describe the experiencé gained in the neutron
neise monitoring of the nuclear power plants operated in Belgium.
Neutron neise monitoring was performed by LABORELEC with ex-core neutron
detectors on a regualar basis since the commissioning of the first unit.
In-core neutron noise monitoring was started later; furthermore loose
part monitoring systems were finally installed. Two units are provided

with turbogenerator vibration monitoring systems [10].

A specific application of the neutron noise detection technique
concerned the observation of nucleate boiling in some fuel assemblies at
the DOEL-2 plant. Inspection during refuelling revealed thick oxide
layers on the fuel rods of these assemblies; these abnormal surface

conditions were at the origin of the anomalies. The voild fraction and



the bubble speed were inferred from the noise spectra. This allowed to
calculate the axial offset and the core outlet temperatures using simple
thermohydraulic and neutronic models. The results agreed with the flux

map and thermocouple readings {11].

In order to get a better understanding of the relationship between noise
measurements and boiling phenomena, an experimental investigation was
conducted at SCK/CEN on the detection of localized omset of boiling in
water on a heated pin. Accelerometers placed on the pin and on the
surrounding structures at appreciable distance from the boiling spot
were used. A detailed analysis of the results and a comparison with the
theoretical bases of boiling have been carried out in order to extract
the actual beoiling information from the structure background vibrations.
The influence of pressure and temperature have corroborated the proposed
relationship between the measured noise and the bubble growing and
collapsing processes. The observations made on different structures
have assessed the independence of the analysis with respect to the

structure particular dynamic behaviour [12].

FAST REACTORS

1. In the frame of the co-operation agreements between France and
DeBeNe, BELGONUCLEAIRE contributes to¢ the evaluation of the
SUPERPHENIX  start-up experiments, It firstly consisted in
calculations of typical conf%gurations of the first criticality core
and of the power start-up core with standard design methods used in
the SNR project (KfK-INR data, diffusion, synthesis programme KASY),
in order to bring the evaluation in line with the numerous results
avallable from previous critical experiments (SNEAK, BIZET, RACINE).
The new aspect and interest of SUPERPHENIX lies in the size of the
reactor, with a core radius about twice as 1érge as the biggest
critical assembly of the BIZET family. The size of the core has a
direct influence on the mutual interaction between control rods and
therefore alsoc on the accuracy of the calculation of the control rod

worths. In figure 2, C/E on absorber worth is plotted versus core
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3.

radius; the values obtained for SUPERPHENIX broadly confirm the

general trend £from the critical experiments; they also show a

considerable increase of the dispersion.

An  other task wunder progress, with the participation of
BELGONUCLEAIRE, is the determination of the reactivity coefficients.
These coefficients are determined by analysing the effect of power
perturbations and variations of primary and secondary coolant flow at
various power levels between 20 % and 100 %. The variation of the

reactivity 8p between two equilibrium states is expressed by

5P=k5Te+g5(AT)+h5?
where Te = godium inlet temperature

AT

sodium temperature increase over the height of the core

P = reactor power

The discrepancies betwéen measured and computed values of the
reactivity coefficients vary at the various power levels, the largest
difference being found for the g coefficient. This question is being
investigated, , |

Concerning the validation of computation methods and codes on the
basis of experiments in the ecritical facility MASURCA, SCK/CEN and
BELGONUCLEAIRE contribute respectively to the measurement and to the
analysis of gamma heating rates in the frame of the BALZAC programme.
Irradiations of thermoluminescent dosimeters took place successively
in Na-88 diluant assemblies and in the B,C absorbing part of control

4
rods.

PAHR (Post Accident Heat Removal) experiments are being conducted in
BR2 as a part of the fast reactor safety programme of the Commission
of the European Communities. In the first experiment performed in
November 1986, a mixture of UO2 particles in a crucible with sodium

has been irradiated in the central channel of BR2 at a temperature of



about -1500°C. Two similar experiments will be performed in the

future, at higher temperatures.

Neutron and gamma calculations (one and two-dimensional) contributed
to the optimization of the irradiation device and determined the
heating rate distributions and level. The 1latter coumpares
satisfactorily with the results of an analysis of the data collected
during the irradiation. As quality control of the particle bed, a
neutron transmission measurement with a beam issuing from the BRIl
reactor allowed, before the irradiation, to scan the bed in order to
determine  the porosity (Na volume fraction) variation. Similar but
much more detailed measurements are performed on different UOZ-SS

mock~ups with sodium, in preparation of the second experiment in BR2

[13].
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CANADA

Reactor Physics Activities in Canada

Compiled by Dr. F.N. McDonnell
Manager, Reactor Physics Branch
Reactor Development Group
Atomic Energy of Canada Limited

Introduction

Reactor physics activities in Canada are carried out at several sites and
institutions. The majority of the work is in direct support of current CANDU
reactors and future advanced CANDU concepts. There is also significant effort
carried out in support of a new family of research reactors called MAPLE
(Multi-purpose Applied Physics Lattice Experiments) as well as in support of
the various types of SLOWPOKE reactors and other small reactor concepts.

This report summarizes the activities carried out by the various
organizations during the period from October 1986 to September 1987.

1. Utilities

There are three utilities in Canada which operate CANDU reactors to
produce electricity: Ontario Hydro, Hydro Québec and the New Brunswick Power
Commission.

1.1 Ontario Hydro - Toronto, Ontario

1.1.1 Modelling of the Poison Injection Shutdown System

CANDU reactors have two independent shutdown systems. The first
consists of solid absorber "shutoff" rods which are dropped into the core to
effect rapid shutdown. The second consists of several perforated tubes
inserted horizontally into the core connected to external tanks containing
gadolinium nitrate neutron-absorber dissolved in heavy water. To shut down
the reactor, fast acting valves connecting the poison tanks to a tank
containing helium under pressure open, forcing the poison into the tubes and
out through the holes into the heavy water moderator in the core.

Tests have demonstrated that this system is effective. However, a
simulation model has been developed which can be used to simulate the power
rundown during a loss-of-coolant-accident for use in licensing, accident
analyses, and operationis support analyses in which the hypothesized conditions
would not precisely duplicate those of the available tests. Existing
modelling techniques were improved in two areas. Ontario Hydro has developed
hydraulics models which describe the transient injection of fluid from the
tank into the core, and its subsequent dispersion into the bulk moderator.
Physics models to describe the reactivity effect of the dispersing poison
curtain have also been developed. A spatial modal kinetics code is used to
compute the power transient from the reactivity as a function of time.

oty ’ "'1
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1.1.2 Commissioning Tesis and Code Validations

Several Ontario Hydro reactors at both Pickering and Bruce have been
started up recently. Low power physics measurements were made as part of the
commissioning tests. These included critical poison concentration, reactivity
device worths, flux distributions, and pover rundown transients. These
experiments have been simulated with Ontario Hydro’s standard reactor physics
computer ccdes. Agreement between simulation and experiments is quite
satisfactory.

1.1.3 Support of Operating Nuclear Generating Stations

The present occurrence of power manoeuvering by Ontario Hydro reactors
and an expected increase in its frequancy have nacessitated the enhancement of
the steady state diffusion theory reactor simulailon code SORO to give it the
capability of simulating the transients assoclzted with such manoeuvers. The
code development and validations have been proczeding in two directions:

a) The instantanesous flux and power distributions are inferred from a
finite number of in-core thermal flux mzasurements (Flux Mapping) and
channel power measurements (Channel Power Mapping).

b} Reactivity transients (Xe, Pu, Sm, Rh) are explicitly modelled in the
SOR0O module that calculates neutron fluxes.

Lattice codes are being studied in order to improve reactor core
simulation capability by eliminating errors introduced through modelling
deficiencies in existing fuel tables. In particular, it has been shown that
the tables have introduced a systematic burnup-dependent channel power
discrepancy. -

1.2 Hydro-Québec - Montréal, Québec

Hydro-Québec’s activities in reactor physics are performed in support of
the operation of the Gentilly 2 nuclear power station, a CANDU-600 that began
commercial service in 1983.

On-power refuelling of the station is guided by weekly updating of
calculated fuel burnups and power distributions with a flux-mapping computer
program called SIMEXl. This code, developed at Hydro-Québec, uses time-
integrated signals from in-core flux detectors in a power mapping procedure
vhich essentially performs a least-squares fit of these signals using a set of
precalculated flux distributions. Some of these distributions are the natural
modes, others are perturbation modes. The originality of the method lies in
the fact that the fundamental mode is recaleculated weekly and accounts for
most of the local effects of the flux distribution resulting from on-power
refuelling. Changes in the power distribution over larger regions of the core
are then given by the detector signals and the maspping procedure.



To assist the fuelling engineer in the weekly selection of fuelling
sites, Hydro-Québec has developed the computer program called SRG22. This
code applies the various ruleg and guide-lines developed from past experience
and a power shaping approach, to recommend a list of fuelling sites. The code
simulates these re-fuellings with standard two-dimensional diffusion
calculations and gives a prediction of their effect on reactivity and power
distribution over the next few weeks. Not all sites selected by SRG2 are
actually used, because the code’s selection algorithm does not account for all
of the factors that the fuelling engineer must consider. In particular, the
code cannot simultaneously optimize the power distribution and fuel burnup.
More details are given in Reference 2.

2. University Activity

Courses and research in reactor physics are available at several Canadian
universities: University of Toronto, University of New Brunswick, Ecole
Polytechnique, Royal Military College and McMaster University.

2.1 Groupe D’'Analyse Nucléaire (GAN), Ecole Polytechnique, - Montréal, Québec

2.1.1 Activities related to diffusion Theory and Applied Mathematics

A FORTRAN-77 version of the fuel management code SIMEX was set up around
the three-dimensional neutron diffusion code TRIVAC3 and the hierarchical data
bases NSES4. The nodal collocation method with appropriate approximation was
concurrently introduced in TRIVAC as a new discretization algorithm to solve
the coarse mesh neutron diffusion equation for light water reactors.

The 2-D version of the fuel management optimization code OPTEX was
extended to provide simultaneous optimization of the cobalt adjuster rod
distribution in a CANDU reactor core: A time-averaged equilibrium refuelling
model has also been introduced in the 3-D version (OPTEX-4), which is
interfaced with TRIVAC for the diffusion calculations.

2.1.2 Activities Related to Transport Theory and Lattice Cell Calculations

Vork in transport theory was directed toward the three following
subjects:

- Production of a FORTRAN-77 version of WIMS-CRNL with a standard direct
access version of WIMSLIB for use on various types of computers.

- Deterministic resclution of the transport equation using collisions
probabilities in a mixed cartesian and cylindrical three-dimensional

geometry. A computer code, named EXCELL, was produced and used to treat
the reactivity devices effects in a CANDU reactor.

- Conception of a generalized driver for performing pover iterations and
buckling search for a variety of discretization techniques, including
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collision probakility methods and iterative interface current formalisms
{such as EXCELL). The GOXS format was used throughout for cross section
exchanges between each module.

2.2 McMaster University (see References 7 to 18)

2.2.1 Neutron Beam Extraction

This research relates to continuing interests in neutron radiography and
involves Monte Carlo calculations in scatterers adjacent to the core. Some of
the findings suggests that beam extractions based on density-varying
scatterers may considerably enhance neutron beam uniformity.

2.2.2 DNonlinear Fission Dynamics

Interest in nonlinear fission reactor dynamics based on interactive
canonical formulations is yielding a considerable diversity of
representations. Power fluctuation which display chaotic patterns as well as
those which shov self-limiting features are of particular interest.

2.2,3 Huon Catalized Fusions

Muon catalized fusion reaction processes possess some interesting
similarities with fission (e.g. operation at ~ 600 K, reaction chains, ete.).
The McHMaster group is continuing to examine the energy viability of such
nuclear energy systems and acceordingly is formulating sufficiently useful
performance parameters. It appears that in the absence of considerable energy
cost reductions of muon production, such fusion systems may need to be
synergetically integrated with fission/breeding systems.

3. Atomic Energy of Canada Limited

A broad range of reactor physics and related design and research and
development activities are carried out at AECL.

3.1 CANDU Operations - Mississauga, Ontarie

The design activities of AECL are performed at CANDU Operations in
Hississauga near Toronto, Ontario. Some of the recent work is described

below.

3.1.2 Demonstration of Load-Following Capability of CANDU Reactors

Increasing interest is being shown by CANDU owners in performing load-
following cycles which suit their grid demand.

Recenily a simulation of a load-following cycle was carried out for the
CANDU 600 reactor; and for actual load-following operations performed at
Ontario Hydro CANDU stations.



Results of the simulation show that the cycle can be accommodated by the
reactor regulating system (RRS) without exceeding fuel power limits or causing
spurious trips in the reactor protection systems.

In practice the CANDU load-cycling capability has recently been confirmed
by Ontario Hydro at its Pickering-B and Bruce-B CANDUs. A typical load cycle
consisted of reducing power to 50% in about 30 minutes, holding at that power
for a few hours, then returning to full power over a period of about six
hours. Deeper load-following manoeuvers, where power is reduced to about 20-
25% of full power, have also been successfully accomplished at Bruce-B.

In summary, a substantial load-cycling capability of the CANDU system has
been effectively demonstrated both by simulation and in practice.

3.1.2 An Investigation intc the Relationship Between Local and Global Power
Excursions in CANDU

If a reactor exhibits large neutronic decoupling of one core region from
another, it may be able to sustain localized power excursions. If such an
excursion is too localized, there may be no in-core detector close enough to
detect it promptly..

To confirm that CANDU reactors are unlikely to support local power
excursions, a credible local reactivity-insertion mechanism was selected in
the CANDU 600 to determine the resulting neutron flux transient with a three-
dimensional model.

A coupled neutronics-thermalhydraulies simulation of the transient was
performed. The transient was subdivided into appropriate time steps, and
iteration between the neutronics and thermalhydraulics calculations was
carried out at each step, =0 that the proper distribution of thermalhydraulic
feedback reactivity was obtained.

The calculation shows that, with credible reactivity insertions, the
neutronic characteristics of CANDU reactors do not allow local power
excursions to occur without a comparable global power increase. The latter
would not escape detection by the protective systems.

3.1.3 The Chernobyl Accident: Multi-Dimensional Simulations to Identify the
Role of Design and Operational Features of the RBMK-1000

A multi-dimensional analysis of the CHERNOBYL accident was carried out to
identify the role of the design and operational features of the RBMK-1000 and
thereby identify implications for other reactor concepts. The results show
that assumptions regarding the pre-accident fuel burnup and flux distributions
are major determinants of the size and shape of the power pulse, especially
due to their influence on effective system void reactivity and on the amount,
if any, of positive scram reactivity.
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3.1.4 CIRENE Startup Transienis

The CIRENE reactor is a heavy vater moderated, light water cooled, 40 MVWe
Italian designed prototype being constructed about 70 kilometers south of
Rome. As part of & contract awvarded to AECL by ENEL and ENEA, start up
analyses for this reactor have been carried out. In this analysis the
feasibility of optimizing the starti up procedures to spead up the approach to
full power and the possibility of providing some xenon over-ride capability
during commissioning have been investigated.

3.1.5 Adapting Reactor Physics Computer Codes to Microcomputers

In order to assess the potential of micro/minicomputers in the realm of
reactor physics calculations, some physics programs have been adapted to run
on an IBM-PC/AT with one megabyte of central memory and & 20-megabyte hard
disk.

Results obtained are considered quite pesitive. For example, typical
MULTICELL calculations have been achieved with a calculational speed (in the
usual one-group option) of about 7.5 s/iteration. Total run times for a
MULTICELL calculation are of the order of cnz hour on the PC/AT. Inherent
machine speed can be enhanced with mathematical co-processors.

Computing times are expected to be about a factor of ten smaller on the
personal work stations such as the APOLLO.

3,2 Whiteshell Nuclear Research Establishment - Pinawa, Manitoba

The Systems Analysis Branch at WNRE includes three groups which provide
a wide range of Physics support to various AECL Business Units, external
partners and clients and the site. These groups are: the MAPLE Research
Reactor Assessment Group, the Small Reactor Concepts Group and the Shielding
and Criticality Safety Group. The current scope of reactor physics work for
each group is described below.

3.2.1 MAPLE Research Reactor Assessment Group

The purpose of this group is to provide state-of-the-art reactor physics
support to the MAPLE Research Reactor Business Unit for the continuing
development of the generic HMAPLE concept and for the evaiuation of customer-
specified variations as well as the MAPLE-X gprototype being bullt at CRNL.
This has been accomplished with extensive use of the codes WIMS-CRNL, 3DDT and
MCNP plus a large number of utility codes wrivien in-house to permit effective
interaction of the major codes.

The efforts of the group are currently focused on providing reactor
physics support for MAPLE-10 operating at 1 ¥¥, for a proposal to Colombia as
well as a 5 MY version for McMaster University. The group is also preparing
reference supercell WIMS-CRNL models to provide cell-averaged cross sections
for the MAPLE-X reactor. A newly developed Z-13 kinetics code, TANK, has also



been used to support design decisions for MAPLE-10 and MAPLE-X. TANK
incorporates fuel temperature, coolant temperature and coolant void reactivity
feedback effects. The heat transfer coefficient can be adjusted via the heat
transfer package which was borroved from the SPORTS-M thermalhydraulics code.

In addition to performing various reactor physics studies, as above, the
group acquires and develops codes and modelling techniques which improve the
accuracy and efficiency of its efforts.

Recent developments include:

- development of a code, to evaluate isotope production scenario, using
multigroup activation

_  the development of the 2-D kinetics code TANK.
Work in progress or planned for the near future includes:

- improvement of the diffusion modelling for more accurate
determination of the reactivity worths of strong absorbers

- improvement of transport/diffusion modelling for the reactivity worth
and neutron transmission of beam tubes. While Monte Carloe techniques
can give definitive results they have prohibitive resource
requirements when dealing with cases involving D30.

-~  further improvement of the WIMS-3DDT code system to develop an
automatic fuel management modelling technique

- contributions to the development of WIMS-CRNL

- improvements to MAPDDT to simplify data input and allow the
specification of distributions of fuel parameters other than burnup
such as fuel temperature.

3.2.2 Small Reactor Concepts Group

The Small Reactor Concepts Group is evaluating the technical and economic
feasibility of innovative reactor design for small-scale electricity
generation (less than 1 MW(e)). Possible Canadian applications include power
for remote villages and special end-user applications.

Most of the group’s effort is being devoted to a heat-pipe-cooled,
graphite-moderated concept referred to as the Nuclear Battery. Both 20%
enriched TRISQ coated particle fuel and 5% enriched uranium carbide (UC) fuel
have been considered in design studies.

The WIMSD-CRNL neutron transport code, the 3DDT three-dimensional neutron
diffusion theory code and the MCNP Monte Carlo code are routinely used for



core neutronics studies. Some problems have been encountered in the
calculated core temperature reactivity coefficient when using graphite cross
sectiong derived from the ENDF/B-5 data library. This problem is believed to
result from inappropriate processing of the thermal scattering data for
graphite and is expected to be corrected shortly. Code validation work for
graphite lattices znd a modification of YIMSD-CRNL to incorporate a resonance
treatment for particulate fusl will alse be undertaken.

An alternate and more compact reactor concept, based on Be0 neutron
moderator and liquid Lithium-7 coolant, is in the early stages of feasibility
investigation.

3.2.3 Shielding and Criticality Safety Group

The majority of the Shielding and Criticality Safety Group effort during
the past year has been in support of small regearch reactor and special
purpose reactor design projects. Detailed shielding assessments of the
following systems were completed: 30 MYt Kores Multipurpose Research Reactor,
5 MVt Generic Maple-10 Research Reactor, 300 znd 500 kWe Nuclear Battery
Reaciors for use in a special end-uszer applicstion, and 10 ¥Wt SES-10 Heating
Reactor. A similar assessment of the 10 M¥t Maple-X Research {MCNP) models
was developed for specialized tasks, including: the upper access region of the
Nuclear Battery, Maple-10 beam tubes using energy-dependent weight windows,and
production rates of 16N and 190 activation products in Maple-X using a coupled
Roff/fixed-source method. The group also performed shielding calculations for
a variety of spent fuel transfer flasks, handling facilities, and storage
canisters.

Criticality safety assessments were performed for fuel handling and
storage facilities for the Korea Multipurpose Research, Slowpoke
Demonstration, and WR-1 Reactors.

Reactor physics assistance was provided in the start-up, initial
criticality, and low-power commissioning program for tha Slowpoke
Demonstration Reactor located at WNRE. The lov-power experiments have been
completed. Shielding experiments have been designed and pre-start-up
background measuremenis are complete.

The computer code upgrade effort continued with the acquisition of the
SCALIAS 3.1 System. This system includes the criticality code KENO-5A and the
isotope generation and depletion code ORIGEN-5, together with several cross-
section libraries and processing codes. The system is currently being tested.
The 3-dimensional graphics program SABRINA has been acguired and implemented
for verification and illustration of shielding models. The code is compatible
with both the Combinatorial Geometry system usad in QAD-CG and the MCNP
Surface Geomeiry system.

Finally, the Slowpoke Spent Pusl Transfer Flask was loaded with two %0Co
sources and the surface dose rates were measuraed. Values calculated with QAD-
CG agreed vith the measured values to within the uncertainty of the detector



{approximately 20¥) provided the measurements were not taken near lifting
lugs, drain plugs, scattering paths, or voids in the lead.

3.3 Chalk River Nuclear Laboratories - Chalk River, Ontaric

The work performed in the Reactor Physics Branch at Chalk River is
organized in four major areas:

i) Experimental activity
ii) Reactor assessment and design

iii) Code development and nuclear data, and
iv)}) Research reactor support.

Some of the published information from the CRNL group is described in
references 19 to 30. The current scope of work for each group is described
below. In addition a summary of a modest effort on fusion is also provided.

3.3.1 Experimental Activity

The experimental reactor physics work is centred on the study of
potential advanced fuels for the CANDU reactor. The studies are carried out
in the ZED-2 zero energy critical facility. In general not enough of the
advanced experimental fuel is available to set up uniform cores, therefore
methods in which a few rods (usually seven) of the experimental fuel are
substituted in the central region of a natural uranium core are used. The
reactivity effect of the substitution is measured by the change in critical
size of the core; this may be interpreted to give the material buckling of the
substituted fuel. In addition many reaction rates of interest are measured by
foil activation in the fuel elements and moderator of the central substituted
cell. These include fission rates and capture rates (in fertile materials) as
well as several flux and spectrum indicators such as Cu-63, Au-196 and Lu-176.

A program of such experiments with (Pu,Th)07 fuel has been completed.
The fuel contained 1.8% fissile Pu in heavy elements. Seven rods each
containing five 36 element bundles of the fuel were available. Measurements
were made in two hexagonal arrays of pitches 31 em and 24.5 using three
different coolants: D20, air and H70. In addition the effect, both on
reactivity and on reaction rates, of changing the temperature of the fuel and
water coolants from about 20°C to 300°C was measured. Analysis and reporting
of the results is continulng as time permits.

A major series of experiments on (U-233,Th)O7 fuel will commence in 1988.
3.3.2 Measured Temperature Reactivity Coefficient

There is a discrepancy between measured and calculated moderator
temperature reactivity coefficients of light water reactor cores. The
differences are reported to be larger than the uncertainties in the measured

coefficients and in the differential neutron cross section data used in the
calculations. In attempts to remove the discrepancies several authors have
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postulated U-235 and U-238 cross sections that have energy dependencies in the
thermal energy range different from those given in the best evaluated data
libraries such as ENDF/B-V. To provide data that does nct depend on the
nuclear properties of H90, measurements vere made of the buckling of a ZEEP
rod lattice in the ZED-2 reactor as a function of moderator and fuel
temperature from 10 to 40°C. The results are now being analyzed.

3.3.3 Reactor Assessment and Design
3.3.2.1 Small Reactors

Hethods of increasing the core life of the small, lov power (20 kW)
SLOWPOKE-2 reactors are being studied.

The physics design calculations for the prototype 2 MWt SLOWPOKE heating
reactor at the Whiteshell Nuclear Research Establishment were completed. Low
power commissioning of the reactor is in progress.

Reactor physics calculations for a conceptual design of a higher pover
SLOWPOXE heating reaector are in progress.

3.3.2.2 Advanced CANDU Reactor

The natural-uranium fuelled CANDU nuclesr reactor system has proven to be
a safe, reliable, and economical producer of electricity for over a quarter of
a century. The CANDU system, however, is not restricted to the use of
natural-uranium fuel; a wide range of advanced fuel cycles can be
accommodated. In the short term, slightly enriched uranium (SEU) is the most
promising of these advanced fuel cycles. SEU offers a reduction in the total
fuel cycle cost of between 25% and 50% relative to natural-uranium fuel.
Uranium consumption is decreased by 30% to 40%. In addition the veolume of
spent fuel is reduced by a factor of two to three,; depending on the enrichment
selected. SEU also offers greater flexibility in the design of future CANDU
reactors.

A variety of fuel management options can be employed in CANDU with
slightly enriched fuels. Fuel performance is expected to be good for the
burnups of interest, but further fuel testing is planned and is currently in
progress in order to confirm this. Programs in place at Atomic Energy of
Canada Limited (AECL) will lead to the demonstration and introduction of
slightly enriched uranium in CANDU. Ontario Hydro, a Canadian utility with
twventy CANDUs operating or under construction, is considering a program which
could lead to the implementation of a SEU in it¢s nuclear generating stations.

Different studies undertaken over many years have all indicated an
economic incentive for the use of slightly-enriched uranium (SEU) in CANDU
reactors. The extent of this incentive has varied with the relative cost of
uranium and enrichment services available at the time. Recent reviews within
AECL to identify new fuels that could be developed for use in CANDU reactors
have indicated that SEU is now one of the most promising candidates. This



current view is based on not only the attractive economics associated with the
prospect of low enrichment costs in the future, but also on a number of
technical benefits, and a large reduction in spent fuel volume.

A part-core loading of 1.2% slightly enriched uranium (SEU) in the
peripheral channels of a CANDU-600 reactor offers several benefits over a
natural uranium (NU) fuelled CANDU, Annual total fuel cycle costs are reduced
by about $5 M. There is a potential for total reactor power uprating, through
increased flattening of the radial channel power distribution, of between 5-
7%. These benefits can be achieved while using a simple fuel management
scheme throughout the core. The transition from the NU core to the mixed
SEU/NU core can be achieved in a straight-forward manner.

3.3.3 Code Development and Nuclear Data
3.3.3.1 1In-115 Cross Section

To check the ENDF/B-V data the In-115 capture rate was calculated in nine
CANDU-type lattices with the WIMS-CRNL code. Calculations for six of these
lattices were also made with the Monte Carlo code MCNP and for two with the
RAHAB code. The agreement of these results of the different codes was in
general good. However the calculated values did not agree well with measured
capture rates, and were 2% low to 11% high. These differences are
significantly greater than the expected accuracy of the measurements. Because
of the variation in the differences, the comparisons do not give useful
information on the accuracy of the measurements.

3.3.3.2 Lu-176 Cross Section

The ENDF/B-V cross sections for Lu-176 were also checked with the same
lattice calculations used for checking the In-115 cross sections. The
calculated capture rates are about 1.5% higher than measured. This indicates
that the Lu-176 capture cross section may be high by this amount or that the
thermal scattering data are slightly in error.

3.3.3.3 Codes

The Monte Carlo codes REPC and MCNP have been made operational on the
Chalk River computers. Methods of incorporating the resonance reaction rates
from REPC into both RAHAB and VIMS-CRNL have been completed.

Most development work has been associated with WIMS-CRNL. The major
change in this period has been an extension to the burnup calculation and
associated library data to allow (n, 2n) reactions and branching ratios. The
modifications were designed and implemented in a wvay that generalized the data
representation and processing, so that future extensions and changes will be
straightforwvard.



3.3.4 Research Reactor Support

The large NRX and NRU research reactors continued (o operate, although
NRX, operating since 1946, was reduced to a "hot-standby" mede. Routine
calculations for NRU included flux and powver distributions and fuel
management. A nev 3-D simulation code is available using discontinuity
factors, which gives improved results (+3%) for this highly heterogeneous
reactor' Apart from CANDU fuel and materials development, and radioisotope
production, reactor physics support was provided for two commercial LOCA tests
which produced fuel fragmentation and some melting.

A major effort is continuing towards the design of the new MAPLE-X
reactor, a light water pool-type reactor with & D90 reflecior; to be used at
CRNL to meet radioisotope requirementsl®. This reactor will be built in 1988,
and will replace some of the capabilities of thes NRX reactor.

Other effort was directed to commercial accelerator shielding design.

3.3.5 Fusion

4s part of the Canadian Fusion Fuels Techrology program, various branches
at Chalk River are participating in studies on solid breeder blanket
materials. A vented irradiation facility has been designed and tested in the
NRU reactor. Results from breeder ceramic irradiations identify the factors
and mechanisms that control tritium migration and provide in-reactor
measurements of heat transfer properties. Temperatures in the facility can be
controlled and a temperature range of 400 - %0G°C is achievable. An
irradiation of Lij0 was performed.

3.3.5.1 Comparison of the Neutronic Environments in an Lij0 Fusion Blanket
and Several NRU Irradiation Facilities for Breeder Material Tests

Irradiations of potential fusion breeder materials in fission reactors
have provided information on material properties and tritium migration. At
the Chalk River Nuclear Laboratories, vented and unvented irradiations of
solid breeder materials are ongoing. Neutronic calculations show that NRU
irradiations can provide some of the key parameters for breeder material
tests.

An assessment of the neutronic environments in several NRU irradiations
facilities has bezen performed and compared with a fusion blanket (Li20/He)
environment. This information helps quantify the relevance of the present
experiments, and indicates possible future tests. The fusion blanket
calculations also provide insight into the neutronic characteristics of fusion
devices. This is essmential for the development and assessment of potential
breeder materials and reactor concepts.

NRU irradiation facilities provide a good environment for breeder
material tests., Tritium production and lithium burn-up rates that meet or
exceed those in a fusion blanket can be achieved. Haterial damage from helium



gas production and displacement damage from energetic charged particles
[produced from the exothermic Li-6{n,reaction] can alsc be matched.
Displacement damage from energetic neutron interactions is one area where the
NRU experiments cannot reproduce the fusion blanket environment. However, by
appropriately selecting the irradiation facility and/¢r the Li-6 enrichment,
the relative contributions to the material damage from helium gas and atom
displacements can be controlled. This would permit an investigation of the
relative importance of these damage components to be performed.

Calculations have shown that commercial quantities of tritium can be
produced economically in operating CANDU reactors. The tritium is produced by
irradiation of lithium in dedicated channels previously occupied by fuel
bundles. The production cost of tritium in CANDU reactors is less than the
current market price of tritium.
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DENMARK

REACTOR PHYSICS ACTIVITIES IN DENMARK
Compiled by Erik Nonbsl
Rise National Laboratory

1. Calculations on Quad Cities

Core calculations on the BWR reactor Quad Cities cycle 1 have
been analysed. The calculations are made with the code system
LEWARD/NOTAM (1.,2) and the results are compared with axial TIP
measurement (3) to serve as a partial verification of the code

system.

The LEWARD code is an LWR assembly code for neutron and gamma
distribution calculations using the method of collision prob-
ability. It is used for producing cross sections tables in-
cluding discontinuity factors to the core simulator programme
NOTAM.

The programme NOTAM is a 3-dimensional neutronic-hydraulic code
designed to make calculations on boiling water reactors in
static conditions. The neutronics of the reactor is treated by
a method based on the Trilux-principle (4) with coupling
coefficients while the hydraulic model solves the equations for
conservation of mass, energy, and momentum for the coolant flow

in their one-dimensional form.

The calculation of the effective multiplication factor for the
simulation of cycle 1 showed a standard deviation of about
0.2%., The TIP measurements were compared with the calculations
at two different burnup values. In the beginning of the cycle
the r.m.s. eror was of the order 5-10% while at the end 10~15%.

We hope to be able to improve the results by including burnup
dependent weight factors in the detector response from the four
adjoining fuel assemblies as well as ascribing some kind of
control rod history to each node in the NOTAM code.
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2. Estimation of Radiation Levels in and around a TOKAMAK
Fusion Reactor (NET)

Under contract with the NET (Next European Torus) Project,
calculations of neutron flux distributions in the DN (Double
Null) Tokamak design have been performed, using the MCNP Monte
Carlo code.

A very detailed activation code, ACTIVA, has been written,
which keeps account of almost any weird nuclide being created
by neutron processes (19 different processes are considered)
or by radioactive decays (8%,8~, and radiative transitions).
The gamma yields from neutron captures and from the radiocactive
decays are calculated in a number af groups, which form the
basis for new MCNP calculations on photons alone, giving the
radiation levels in selected points in and around the Tokamak.
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FINLAND

REACTOR PHYSICS IN FINLAND
STATUS REPORT TO THE NEACRP 1987

Compiled by M. Rajamdki
Technical Research Centre of Finland (VTT)

1 GENERAL

The very good performance of the two Soviet WWER plants
{(Loviisa) and the two ASEA-ATOM BWR (TVO) plants in Finland
has continued in 1987. The major part of reactor physics at
the Technical Research Centre of Finland (VIT)} has, as
before, been directed to serve the reliable operation of the
reactors. Research and development work has aimed at
validation of methods and codes and at their improvements.
Since the Chernobyl accident, the particular attention has
been given to RBMK~reactors and their possible transient

scenarios.

2 CELL CALCULATIONS AND NUCLEAR DATA PROCESSING

The CASMO fuel burnup program has been used, as extensively
as before, for generating few group constants for new BWR
fuel types intended for reloads of the TVO~I reactor. With
the newest version of the program (CASMC-3G) some modern BWR

control rods containing hafnium have been studied, too.

The study on the implementation of the so called advanced
homogenization methods in the CASMO-HEX/HEXBU-23D program
system for the WWER-reactors is still c¢ontinuing. However,
the main effort in this field has been devoted to the
validation of the cross section sets generated with the
CASMO-HEX code for ICFM calculations of WWER-440 type

reactors.



The nuclear data processing code NJOY (6/83) has been
installed on the MicrovVax computer of the Nuclear Engineering
Laboratory. As a test case, the temperature dependent cross
sections for graphite needed for RBMK~-calculations were
processed starting with data from the ENDF/B-V and JEF-1
libraries.

3 CORE CALCULATIONS

The length of the 1986 -~ 87 cycle for the TVO-1I BWR was
predicted very accurately by the CASMO-POLCA code system. The
average value of the computed keff for the critical core was
almost the same  as in the year before (38 pcm smaller), but
the variations during the cycle were slightly larger, about
=160 to +220 pcm from the average result. The fresh fuel
loaded in 1987 was mostly of the 9x9 type with blankets of
natural uranium. Gamma detectors were installed first in
TVO-I and later in TVO-II during the winter 1986 - 87. The
result was a much better agreement between measured and
computed power distributions thén obtained with the old
neutron detectors, especially in the horizontal direction.
The errors were approximately halved. The use of some kind of
expert system to make the planning of relocading and control
rod patterns planning more efficient is still being
considered.

The three-dimensional nodal program HEXBU-3D has been applied
to the WWER-reactors at the Bohunice nuclear power plant in
Czechoslovakia. The simulation of operating history gave
generally as good results as obtained for the Loviisa
reactors.

The verification of the methods to predict reactivity
coefficients with HEXBU-3D has required still some effort. A
benchmark problem for comparison of calculated and measured
coefficients of the Loviisa reactors will be presented in the
next meeting of the Temporary International Collective (TIC)
for joint research into the physics of WWER-type reactors.
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The preliminary results calculated with cross section data
generated by the CASMO-HEX program have been in close
agreement with measured reactivity coefficients. However,
test calculations have shown that the calculated values are
fairly sensitive to the reactor conditions applied in

calculations of the two-group nodal cross sections.

4 DYNAMICS CALCULATICNS

The BWR dynamics code TRAB has been verified against the
major transients of the TVO reactors including a pump
stopping, an overpressurization transient and an instability
transient but recently more complete verification calcula-
tions and sensitivity studies have been performed (in
cooperation with the Finnish safety authority STUK) using
data from a real BWR overpressurization transient occurring
in 1985. The calculations overestimated slightly pressures
but the differences between the measured pressures and the
best estimate calculated ones were within half bar while the
maximum of the pressure rise was about 8 bar. In addition, we
believe that main factors in the difference are caused by the
delays of the measurement system and by the fact that four

steam lines were described with one line.

The transverse shape function dynamics of the neutronics
model of TRAB has been employed in a geometry with up to
three radial regions divided further axially into subregions
with different shape function parameters. The model has been
applied to a study of local stability characteristics in a
realistic reactor case. The results are still very
preliminary. Fig. 1 represents the power oscillations caused
by a pressure disturbance and by a simultaneous disturbance

in the initial half core powers.

The testing of the three-dimensional WWER dynamics c<ode

HEXTRAN is being initiated this autumn.



5 ACTIVITIES INDUCED BY THE CHERNOBYL ACCIDENT

Much ©of the Chernobyl-related work at VTT has been aimed at
determining the applicability of our reactor physics codes to
RBMK calculations. We have found that none of our codes is
really adequate. The WWER cell burnup code CASMO-HEX appears
to be our most suitable tool and it can give acceptable
results at low void content. However, a serious deficiency
{so far as RBMK studies are concerned) in the homogenization
and condensation of cross sections following the microgroup
calculations make it necessary to use a large number of
macrogroups in the channel cell calculation, which is
naturally somewhat expensive. With 36 macrogroups we get

reasonably usable results at voidages below about 50 %.

Using CASMO-HEX and the ad hoc auxiliary program CHTRAB, we
have calculated parametrized representations of the group
constants for use in the dynamics code TRAB. They are
represented as polynomial functions of the water density,
fuel temperature, graphite temperature and xenon

concentration at a given initial enrichment and burnup.

Demonstrative calculations for the Chernobyl accident were
made by the dynamics code TRAB. The calculations indicated
that the reactivity effect caused by the mean voidage
increases essentially during power excursions. The initial
axial power distribution also has a very strong effect on the

energy production during the power burst.

After these preliminary simulations, we have started to
construct a more detailed RBMK-type plant model using the
TRAB-code. The reactor-physics parameters are based on the
above mentioned CASMO-HEX-calculations. Currently the new
model is under testing.
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FRANCE

PHYSICS ACTIVITIES IN FRANCE
September 1986 - Deptember 1987
M. DARROUZET, M., SALVATORES

Centre d'Etudes Nucléaires de Cadarache
F.13108 - SAINT PAUL LE?Z DURANCE CEDEX

1 -~ INTRODUCTION

At the end of 1986, the state of the operational PWR units was as
follows :

1 unit producing 300 MWe
33 units producing 900 MWe
9 units producing 1300 MWe

The reactors connected to the grid in 1986 and planned to be connected in
1987, 1988, 1989 are given in this table,

1986 1987 1988 1989

500 MWe PWR

1300 MWe PWR
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In 1987 the last 900 MWe has been connected (increase of power of § %).
The number of units connected by year to grid discreases. Only one reactor
will be order in 1987,

From the physics point of view 1987 is a important year for the following
reasons '

- Modification of fuel management : first loading by quarter of core
{Tricastin 2).

7 units of 900 MWe by year will be managed in this manner and then this
mode will be extended to the 1300 MWe units.



- Loading of 16 subassemblies MOX in a 900 MWe (St Laurent B1)
12 reactors will be progressively loaded with MOX.

Moreover important studies have been undertaken by EDF to increase the
margins in the 300 MWe units in order to allow new managements without
discrease of capacity, availability and maneuverability (GARANCE projets).

SUPER PHENIX 1 has operated for a total ~ 100 equivalent full power days.
Most of the foreseen commissioning experiments (also at full power) have been
completed. Some results will be given in Section 2, At the begining of
April 1987 a sodium leakage of the storage tank (Barillet) was detected. The
leak rate was estimated as about 20 litres per hour. The Teaking sodium was
retained by a double tank. While the leak position was not detected, the
330 elements in storage (including 289 dummy elements) have been discharged
and a few slightly irradiated fue) elements have been loaded into the core,
together with 24 new absorbers {SCP and SAC), at the periphery of the core.
The storage tank and gap are being emptied.

The normal plant operation continued up to May 26, when the reactor was
shut down as scheduled for various maintenance works, and for a period of at
least four months,

The Tong term strategy is currently under discussion, together with

feasibility and safety studies for temporary core operation without the
storage tank (for approximately 400 equivalent full power days}).

2 - FAST REACTOR PHYSICS

2.1 - Experimental studies

2,1.1 - SUPER PHENIX
The analysis of some of the neutronics experiments performed during

the start-up phase of the reactor, has been the object of a number of
publications / 1, 2, 3 /. The main results obtained this year concern :
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- the critical mass of the first criticality core / 1 /. The
excellent agreement of calculation and experiment (E-C t 0.1 % AK/K) was
obtained / 1 / using sophisticated transport methods to allow for transport
(radial and axial streaming) and heterogeneity effects related to rod
followers, diluent and dummy steel subassembiies in the core. Even the
inter-assembly streaming effects have been found to be not negligeable / 4 /,

- control rod worth, The ~ 10 % discrepancy originally observed in
now attributed to :

a) rod heterogeneity modelling problems,

b) basic data uncertainties, which have large effects on large cores
flux shapes and, consequently, on rod reactivity worths,

¢) uncertainties related to the MSM factors used to establish the
experimental values.

Part of the results of the analysis, is reported in Ref, / 1 /.

The large sensitivities to basic data, has pointed out ouce more
the difficulty of extrapolating the E/C values, observed in critical
assemblies, to power reactors, if a systematic approach is lacking, to define
bias factors and uncertainties (see paragraph 2.1.4}.

Table I gives in a summary form the present state of the control
rod worth experiment analysis.

- Reactivity coefficients have been measured and preliminary
analysis has been presented / 2 /. A discussion of uncertainties associated
both to experiments and calculations, has been presented at this meeting
/5/.

- Some shielding experiments analysis has been presented in Ref. 3.
A more recent resuit indicates an excellent agreement on the E/C value of the
secondary sodium activation{ see table II), which confirms the good performance
of the PROPANE shielding formulaire, which inciudes bias factors derived from
neutron propagation experiments / 3 /.
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- The power distributions, measured using the subassembly
temperature monitoring system, are being analysed. Simple design methods,
tuned to account for, e.g. control rod experimental values, have to be
improved to account properly for the power distortions due to control rod

movements.

- Finally, some experiments are still to be performed, in
particular fuel, fertile and diTuent subassembly reactivity worth,

2.1.2 - PHENIX

An anticipated last year, the irradiated Np-237 sample analysis has
provided valuable data to assess the data for the Pu-236 production. The JEF
data involved in the analysis have been found to be of excellent quality (see

table III).

The high burn-up fuel pin analysis experiment PAPEETE has confirmed
the results cbtained in the part for the actinides, and the indications
obtained on the Cs isotope axial distribution in the pin, is discussed in a
paper presented at this meeting / 6 /.

2.1.3 - MASURCA

The BALZAC experiments related to control rod heterogenszity have

been presented and discussed in ref. 7.

The BALZAC-DE phase, devoted to y-heating deposition in a steel-Na
subassembly and to y-heating and {n,a) reaction studies in a B,C/steel/Na
subassembly, has been completed and the analysis is underway.

The future phases of the BALZAC program will be devoted to the
study of the Pu isotope {Pu-23%¢, Pu-240, Pu-241) Am-241 and U-238
reactivity/atom (phase BALZAC-IL), followed by an internal storage simuifation
experiment (BALZAC~SI phase). The program is scheduled to be completed by
March 1988.
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2.1.4 - Future critical experiment program - The CONRAD program

The common European experiment CONRAD has been approved in the
framework of the European Cooperation on Fast Reactors. This program is
expected to last slightly aver three years, starting from April 1988. The
CONRAD program will have three phases :

- CONRAD-AX, devoted the neutronic study of an axial heterogeneous
core,

- CONRAD-ST, devoted to a parametric study of basic data
uncertainties on large reactor control rod worth. This point is related to
the results observed at the SUPER PHENIX 1 start-up, which indicated that
further studies are needed in that area. With simple radial deplacement of
control~rods, a large range of sensitivities to basic data will be studied.

- CONRAD-DC. This is a very decoupled configuration in which strong
interaction effects will be studied, and, among others, handling error
configurations. In this configuration both reactivity worth and neutron flux
monitoring system performance studies will be carried out.

2.2 - Theoretical methods

2.2.1 - ECCO Cell Code

The new European cell code ECCO is being developed. The functional
specifications are now completed and some preliminary programing work has
started. The code will be based on an ultrafine group treatment of the
slowing-down and on the subgroup method to handle cell heterogeneities. A
reference route (i.e. ultrafine group treatment for both elastic and inelastic
scattering, and subgroup treatments at the ultrafine group level) will be
provided, together with a "design” route in which only the elastic scattering
will be treated at the ultrafine group level, and the heterogeneity self-
shielding problem will be treated at the broad group level. Moreover, the
code will provide a capability to generate Pn scattering matrices, based on a
flux moment ﬁn calculation, Macro-cell options will be used to treat special
subassemblies or fertile regions. 1-2-3D collision probability routines will
be used both in an "exact" option or in an "approximate" option, using
Roth-type methods.
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An important issue has been the assessment of the relative merits
of the subgroup parameter generation methods. In particular, the code for the
computation of the probability tables (with the statistical assumption,

Cf. paragraph 3.2.5) has been modified to deal with very fine groups
(au = 1/120) / 8 /. The group collapse, based on these tables, appears to be
easy and rigorous.

2.2.2 - Data processing

The THEMIS code, derived from NJOY, is being extensively checked.
In particular the neutren KERMA and y-production matrices algorithms have
being tested and a number of modifications have been implemented. At present,
the inelastic matrices algorithms are being investigated.

2.2.3 - Equivalent cross-section definition

Extensive studies are being performed to improve the methods
currently used to define eguivalent cross-sections, in particular to account
for heterogeneity and transport effects in special subassemblies {control
rods, control rod followers, diluent etc...) but also group and mesh size
effects. Two types of methods are used to establish the equivalences :

a) methods based an reactivity (or reactivity variation)

conservation,

b) methods based an diffusion/transport equivalences. A particular
method of this type / 9 / is being investigated to treat the large transport
effects associated to control rod worths calculations. Results are very
encouraging, as it is indicated in table IV / 10 /. (These results are
obtained in cooperation with UKAEA-Winfrith).

2.2.4 - Basic data assessment

As part of the JEF-2 evaluation program, Cadarache is actively
involved in 4 complete reevaluation of Pu-239. The resonance range
re-evaluation in collaboration with ORNL (already reported last year) is
continuing this vear and has been extented to Pu-241 and U-235.



For the higher energy region, a complete v re-evaluation for Py-239
has been completed (see fig. 1) and a preliminary re-evaluation of the
fission cross~-section above the resonance range has also been completed
/ 11 /. A complete re-evaluation for Pu-239 is expected by the end of 1987,
including some uncertainty information.

As part of the basic data assessment, studies were performed on
Beff integral experiments performed at ANL, and the results are presented at

this meeting / 12 /.

Pecay heat data of the JEF library are being tested on integral
experiments, and final results will be available by the end of 1988,

2.2,5 - y-heating and shielding experiment analysis

The BALZAC-DE experiment analysis is being performed with
sophisticated multidimensional transport methods. However, some discrepancies
observed could indicate some inconsistencies in the basic y-production data.
These discrepancies are being presently analyzed in a joint effort with ENEA
and Belgonucleaire,

The JASON neutron streaming experiment at HARMONIE has been
analyzed with different techniques (modified diffusion, Monte Carlo, SN
transport). The results so far obtained indicate an acceptable consistency
among the different methods used for the experiment analysis / 13 /.
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3 - LIGHT WATER REACTOR PHYSICS

The main experimental activities have been devoted :

- to increase the fuel burn-up,
- to plutonium recycling in PWR and advanced PWR,

- to the improvement of operation, availabiiity and safety of the
900 MwWe PWR.

From the theoretical point of view, the studies concern the development
of a new generation of neutronic codes {multicell code, 30 on-line code and

SO on).

3.1 - Experimental studies

3.1.1 - EQLE

The objective of the ERASME program is to validate the calculation
of undermoderated Pu lattices.

The first experiment ERASME S was a hexagonal lattice with a ratic

of moderation ciose to 0.5.

The second experiment ERASME R had a 0.9 ratio of moderation, and
it was started at the beginning of 1986 and completed at the end of
April 1987.

The standard parameters {material buckling, spectrum indices,
voidage effect) have been measured,

Many configurations with clusters of absorbers water holes and
fertile rods have been studied.

Boron capture effect and the spectrum in axial blanket have also

been measured,
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The ERASME L, now loaded in EQLE, is the third in this series of
experiments. It is a lattice without driver core.

The pitch is square and the ratio of moderation is ¢lose to the
one in a PWR (~ 2).

This experiment is devoted to the undermoderated lattice but also
to the recycling studies in PWRs,

Material buckling, spectrum indexes, reactivity effects of
absorbers, power distribution near a heterogeneity will be studied and also
radial blanket effects. '

The measurement of Basf will be performed and measurements of in
core instrumentation.

In the future, an important program for plutonium recycling will be
undertaken.

3.1.2 - MINERVE

The measurement of fission product capture by using spent fuel
samples has been performed in U02 - Puoz tight lattice (MORGANE/S,0.5 ratio
of moderation).

Experimental samples were issued from PWRs (corresponding to burn
ups ranging from 20 000 MWd/t to 60 000 MWd/t).

A calibration with well known material worth values (239Pu, 235
Soron) was carried out,

U,
10

The interpretation is in progress. The uncertainty will be less
than 10 %, )

A second experiment (MORGANE/R) is foreseen in 1988.
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3.1.3 - MELUSINE

The GEDEON 2 experiment aims to study the U026d203 fuel depletion
with a representative PWR environnement (interferences between water hole and
poisoned rods, and between two poisoned rods).

This irradiations will last in the reactor until March 1988. The
first results on fuel irradiated at 3 000 MWd/t have already been obtained.

This irradiation has been interrupted for six months in order to
irradiate the ICARE/S experiment which had been finished in October 1986.

The main objectives of the ICARE experiments were to obtain the
capture ratio of the different heavy isotopes (U, Pu, Am) and the capture

ratio of some important fission products.

The first results give a good agreement between experiment and
calculations performed with the APOLLO code and CEA 86 cross-section set.

A second experiment (ICARE/R) will be carried out in 1988.

3.1.4 - Spent fuel analyses

The program is devoted to the study of fuel irradiated from French
PWRs .

- The program involves anaiyses of fuel from the Fessenheim plant
irradiated during 1 and 5 cycles respectively,

- Gravelines (UOeGdZC3 fuel).
- SKNA (UO2 PUO2 fuel).
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3.1.5 - Instrumentation, core surveillance

3.1.5.1 - Surveillance of vibration of in core instrumentation
by noise analysis is planned this year.

3.1.5.2 - Furthermore studies on fixed in core instrumentation are
continued (self powered platinum detectors, gamma thermometers). Irradiations
in pile during one or more cycle were performed.

Miniature {(diameter 1.5 mm) regenerative fission chambers (made of
mixed 234U and 2350) are also studied at present, Irradiations in the Saclay

research reactor OSIRIS are in progress.

3.2 - Theoretical studies

3.2.1 - Cross-sections set "CEA 86"

A new cross-section set called "CEA 86" resulting from a mixture of
JEF-1, ENDFB4 and 5 or CEA evaluations, has been developed.

An important work on secondary actinides and fission products has
been completed.

3.2.2 - Multicell APOLLO 2 code

This code will take the place of APOLLO 1 in 1990.

The "version 0" is realized which allows to calculate a multicell
without evolution and selfshielding modules.

The "version 1" will be finished at the beginning in 1988 ; this
version will have evolution at the selfshielding modules.



3.2.3 - 30 codes

At the present time, new fine mesh codes are developped (COCINELLE,
CRONOS).

In paralled 3D on line codes (PHAETON, RITME) for the protection
and the surveillance of PWR cores are also developped.

3.2.4 -

The modular system GOLEM which uses perturbation methods, is still

in progress.

3,2.5 - Studies on residuel heat and source term

[n order to understand the discrepancies existing for y residual
heat of Pu239 and U238 pulse function at cooling time around 1000 sec,, a
comparison of the mean energies of the most contributing nuciei in several
libraries (CEA, JEF1, UK, ENDF/BV, JENDL,...) has been undertaken. The first
results are that, for some nuclei like the technetium, the mean y energies

are suprisingly low.

Work to improve the decay data part of JEF1 file {s in progress.
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combustible nucléaire, Stratégies et options.
Actions et expérimentations menées en France pour 1'introduction du
plutonium dans les réacteurs & eau pressurisée, (REP),
A. BERTHET, M, DARROUZET, M. LEBAN, J. VERGNES.
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TABLE 1

THE EVOLUTION OF THE E/C VALUES FOR CONTROL ROD WORTHS AT SUPER PHENIX START-UP
AVERAGE VALUE OVER MANY CONFIGURATIONS AND, (IN PARENTHESIS), THE DISPERSION

ORIGINAL E/C WITH E/C WITH E/C WITH

- TYPE OF CORE SIMPLE HETEROGENEITY IMPROVED HETERQGENEITY SPECIFIC DATA
MODEL (1D) TREATMENT (XY) MODIFICATIONS*

SUPER PHENIX 0.87 (+ 0.05) 0.92 (+ 0.04) 0.97 (+ 0.03)

!
!
!
!
!
!
!
!
!
!
}
}

0.96 {+ 0.02) 0.99 (+ 0.02)

RACINE-1E

(MASURCA)

-
|
1
1
!
!
1
1
]
0.96 (+ 0.02) |
I
|

Son pum pum pue] v pem pamf e e tam S Sl
A bt i

L Bl L T S

* Main modifications to CARNAVAL-IV :
Opp and o, 0-16 (E : 300 keV) ; 0> Og1 and Iyp of stainless steel (E < 1 MeV),

oy, U-238 (E > 1 MeV)

=> These modifications compensate and do not affect the critical mass prediction.



TABLE 1I

SECONDARY SODIUM ACTIVATION C/E COMPARISON IN PHENIX AND
PRELIMINARY RESULT FOR SUPER PHENIX

.: T T
! ! C/E !
! ! !
T ] 1
! PHENIX ! 0.85 + 0.60 |
1

i T _ T
| SUPER PHENIY 1 1.6+ 0.80 !
| t

Both calculations are performed with the PROPANE-DQ formulaire, including
bias factors derived from neutron propagation experiments.

TABLE 111
I ] T
| Reaction ! ctalg(b) s
! ! i
T . ! T
! (237p) ! 0.90 + 0.05 I
! c ! - !
! - E T
Loy (ST 119 ¥ 0.15 !

fa) Calculated with JEF-1.

(b} Deduced from the mass spectrometry analysis of a pure 237Np sample
irradiated in PHENIX (PROFIL Il experiment).
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TABLE IV

Diffusion with Rowlands
modified constant (a)

Diffusion with
Benoist za and D

! Analytic Solution ! Standard Diffusion SN transport

622 563 562 628

:
|
|
!
r
1

561 l

]

|

el R EER

._...._....._.._._......_
v—t amm o raf o b 2o o]

tom tem o b pom] e p b o

One group calculation ln XY plane geometry. Results of radial transport effects on control rod worths in
a large LMFBR (6(1/K) x 10 )

a) Nucl. Sci. Eng. 76, 263 (1980).
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F.R. GERMANY

REACTOR PHYSICS ACTIVITIES IN THE
FEDERAL REPUBLIC OF GERMANY

Compiled by

H. Kisters
Nuclear Research Center Karlsruhe

GENERAL

In March 1987 in the Federal Republic of Germany 21 nuclear
power stations with 19 957 MWe brutto were in operation, 4
power stations with 4312 MWe are under construction, and 9
blocks with 12 106 MWe brutto are planned. The above
mentioned 4 power stations are expected to go into operation
in 1988/1989, 3 of them are PWRs, one is the still delayed
fast prototype reactor SNR 300. For this reactor, the
licensing authorities request additional informaticn about
the safety equipment of the plant.

The KWU-PWR, KBR-Brockdorf (north-west of Hamburg) with 1380

MWe is being operated commercially on full power since 22
Dec. 1986.

The availability of KWU-LWRs is very high. The power station

- Grohnde (KWG) with 1969 MWe reached in 1986 a wvalue of 92,7 %
time-availability.

After the Chernobyl accident an IAEO Operational
Safety Review Team (QSART) is inspecting the safety features
of nuclear power plants. On invitation of the Federal
Ministry for Research and Development, the PWR-power plant
BIBLIS and the BWR-plant KRUMMEL were inspected by OSART: no
negative aspects were found in both cases.

On April 22, 1987 a cooperation between the FRG and the USSR
was signed. This cooperation deals mainly with safety
features of LWRs, HTRs and FBRs: in addition, scientific

exchange 1s foreseen for fusion research and high energy
physics.




I. REACTOR PHYSICS ACTIVITIES AT THE NUCLEAR RESEARCH CENTER
KARLSRUHE

1. Fast Reactcr Physics

After decommissioning of the SNEAK facility, some evaluations
of experiments in SNEAK 12 C and in BIZET/D were performed in
the last year. The code develcopment mainly was concentrated
on the preparation of code versions to be run on a vector
computer VP-50., In the data evaluation field a re-evaluation
of the fission spectrum of Cf252 was performed and
subsequently the fission spectra of all fissionable isotopes
were determined; within the frame of JEF-2 evaluations
especially the U238 capture data were critically discussed.
To prepare group constants, the LANL-code system NJOY was
adapted and improved to be able to generate group constants
from the JEF-file.

la. Ewvaluation of critical experiments

In SNEAK 12C2 the test zone was bullt by Al, steel, (Pu/U)0;,
UQ,; and Na plateletts. Dissatisfying results were obtained in
the C/E comparison for the radial fission rate traverses,
e.g. by about 40 % for the U238 fissicn rate traverse. In the
re—~evaluation /./ it was found that only a combination of a
guasi three-dimensional transport calculation with properly
prepared heterogeneous group constants could reduce the
previous deviation to experiment to a value below 10 %. It
should be mentioned that the results for SNEAK 12C are
extremely sensitive to an accurate representation of the thin

buffer and driver zones.

In the small-zone sodium-void reactivity measurements of the
heterogeneous assembly BZD/1 the calculaticons using diffusicon
theory and first order perturbation theory underestimated the
reactivity effects due to an overestimated leakage /2/. The
largest C-E differences up to about 20 % were found in those
fuel positions with sodium removed over the total core
height. The use ¢f exact perturbaticn thecry reduced mainly



the leakage terms; the deviation from experiment was then
12 %.

1b. Suppeort of the evaluation of SPX1l control rod experiments

It was found in 1985 that the efficiency of the SPX1l control
rods was overestimated by theory by more than 10 %. A more
precise modelling of the heterogeneous control rod geometry
and a refined processing of the original experimental data
reduced the deviation of calculational results from
experiment to an acceptable level /3/.

lc. Processing of nuclear data to group constants, using NJOY

In applying NJOY for preparing group constants and
selfshielding factors on the basis of JEF, many
irregularities were observed, especially for the rescnance
selfshielding factors for heavy nuclides with high
concentration. For some fission products in high
concentrations even negative shielding factors occured /4/.
The use of multi-level Breit-Wigner parameters from JEF-1 led
to non acceptable results for the selfshielding factors for
some nuclides. These irregularities were removed, most of
them only formally /5/.

1d. Computer codes

On the basis of two-dimensional neutron transport
perturbation theory in triangular geometry a Fortran 77
program for the calculation of reactivity, effective neutron
fractions and mean generation times was established in
connection with the corresponding Sy-code DIAMANT /6/. A major
revision of the DIAMANT code led to DIAMANT-2, which solves
the static multigroup neutron transport equation in planar
geometry using the Sy-method. Spatial discretization is
accomplished by taking finite differences on a meshgrid
composed of eguilateral triangles /7/. This version is

designed to run on scalar and vector computers.
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2. Safety investigations

The present international program f£for the study of transient
phenomena in the CABRI reactor was completed. The evaluation
of the experiments is still underway.

Following parameters, affecting the sequence of accidents,

were studied in the test program:

- The energy added to the fuel during an excursion (variation
between 0.4 and 2 kJ/g of oxide).

- Burnup (fresh fuel, low and medium burnup).

~ The time of iaitiation of the power excursion relative to
the onset of sodium boiling in the cooling channel (before,
during and after the onset of boiling) in experiments

conducted at a reduced coolant flow.

The results of the CABRI test program have greatly added to
the knowledge of the phencmena asscclated with accidents.
They have supplied extensive measurement data for further
advancement and verification of models to be used in the
safety analysis of fast breeder reactors. As a very impertant
result, the reactivity feedback of the axial thermal fuel
expansion and of the fission gas driven fuel dispersion in

fast reactor accident situations could be clarified.

A mixture flow model has been developed tc describe the two-

phase flow in a sodium boiling model. Thermodynamic
egquilibrium along the saturation line is assumed while slip
correlations are used to describe the different velocities of
the vapor and liguid phase. The model has been tested against
a TREAT experiment and the results were found encouraging. As
the code has a multichannel structure, sodium boiling is

treated in a two-dimensional way /8/.

A new approximation for calculating the pressure gradient
term in the SIMMER-II momentum equations of a steady state
flow of a single~phase and incompressible fluid across a
singularity, has been developed. This new code has been
tested against experiments performed at SRI-International and



the results are in a better agreement with experiment than
the results of the original SIMMER-II code /9/.

3. Advanced pressurized water reactors

The investigations to evaluate the physics characteristics of
a tight lattice advanced PWR (APWR) were continued. In
cooperation with EIR-Wirenlingen (Switzerland), KWU and KfK
experiments in the PROTEUS-II facility were performed and
analysed. Reaction rate and material worth measurements were
conducted in a moderated test lattice and in a lattice
without moderator. The evaluation of these experiments and
the comparison with theory is given in a separate paper to
this meeting.

KfK participated in the NEACRP benchmark on tight lattice
configurations. The results, together with those from other
contributors, are also given in a separate paper to this
meeting. KfK performed some special investigations on this
benchmark by using the JEF-1 group set with a proper APWR
weighting spectrum for the normal and a weighting spectrum
for the voided configuration, These new group sets were also
applied to a PROTEUS experiment to judge the guality of the
used theoretical procedures and nuclear data sets. This
intercomparison is given in a separate note /10/. Up to now
it can be concluded that the JEF-1 set with appropriate
weighting spectra gives satisfactory resulst in comparison
with experiment; the accurate determination of burnup effects
probably needs improvement of the Pu240 and Pu24l nuclear
data (see section 4).

The theoretical investigations are performed with the KfK-
KARBUS code system. The calculational procedure was improved
by using isotope dependent fission spectra, and by improving
the various calculational modules in the frame of the
Karlsruhe program system KAPROS.

Fluiddynamic investigations for a large APWR reactor showed
that the homcgeneous and heterogeneous core designs are
almost equivalent /11/. Both physics and fluiddynamic studies
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strongly indicate that the tight lattice should be widened to
guarantee a negative void reactivity coefficient for all
burnup stages 4p to 70 GWd/t and to guarantee the desired
reactor power as well as an acceptable reactor behaviour

under transient conditions.

4., Fuel cycle analysis for PWRs

As already menticned in NEACRP-L-270 (1986), a comparison
between theory and experiment for the activation of PWR-fuel
element end-pieces showed a fairly good agreement; the
results are now published in /12/. Furthercon, the theoretical
agsessment of €14 formation in a PWR fuel pin was compared
with experimental results /13/. Cl4 in LWR-fuel strongly
depends on the nitrogen contamination in the fuel. New data
sets for the calculaticn of the Cl4 build-up via ternary
fission and via 017 (n,a) Cl4 were prepared. The theoretical
results are in a satisfactory agreement with experiments.

For the test of the JEF-~I nuclear data library, a complete
new group set for PWR application was applied to the NEACRP
"Benchmark on Recycling ¢f Reprocessed Uranium". The study
was performed by single replacemens of the JEF-1 group data
for important nuclides into the KEDAK-4 group library. The
impact of these single replacements on k. and the EOL-nuclide
concentrations was studied and compared with the results of
the KEDAK-4 group set and the various contributions to the
benchmark. The ko—values, obtained with the complete JEF-1
group set almost coincides with the UK-contribution, i.e.
JEF-1 gives results which are at the upper boundary of all

contributions /4/.

In the application of JEF-1 data to a KWO-PWR configuration,
the nuclide concentrations at 30 {G¥d/t burnup were compared
with experimental results from postirradiation analyses of
KWO-fuel. Good agreement was found for U236, Pu238, Pu239,
Am241 and Am243, Slight differences were found for U235,
major differences for Pu240, Pu24l, PuZd42, and Cm242 /4/.
Especially the JEF-1 data for Pu240 and Pu24l should be re-



evaluated; this is underway within the evaluation effort for

JEF~2.

5. Investigations on fusion reactor blankets

Two design concepts are studied by KfK: a helium cooled
ceramic blanket and a blanket with Pb~-17Li eutectic as
breeder material and coolant. The study includes small scale

experiments and collaboration with industry for special
feasibility problems. The studies are coordinated with
efforts of CEA and UKAEA in a common working group. As an
example, Fig. 1 gives an artists view of the new outboard

blanket canister design /14/,
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Fig. 2: Neutron multiplication in lead: a comparison
between calculated values using different
procedures and data and experimental values.

One of the most important problems in fusion technology
concerns the use of a water cooled first wall. Potential and
problems of an aqueous lithium salt solution are discussed in

/15/.



The development of computational tools for neutronic
calculations comprises the evaluation and processing of
nuclear data, the development of new techniques, as the
adoption and application of existing methods and programmes
{e.g. Monte Carlo methods}) for use in fusion neutronics,

For a rigorous treatment of the anisotropic neutron
scattering, a general transport code system GANTRAS, making
full use cf double-differential cross-sections (DDX}, is
under development. The one-~dimensional module, ANTRA 1,
treating plane and spherical geometry, already had been set
up and documented /16/. Furthermore, ANTRA 1 has been
extended to include the cylindrical geometry opticen. The
introducticn of a new interpolation scheme for the angular
fluxes, needed for the calculation of the scattering source,
also necessitated the introduction of a new quadrature set
being more appropriate for the applied procedure. The
cylindrical geometrical option has been tested numerically

and is now app.ied to cases of interest.

A comparative study of the neutron multiplication of a 14 MeV
neutrcn source in a spherical lead assembly has been
performed. For this purpose, the ANTRA 1 programme has been
used, together with a newly developed processing system for
the provision of the angular-dependent transfer matrices,
generated from the lead single- and double-differential data
contained on the Eurcopean Fusion File EFF-1. It is seen from
Fig., 2 that, for the same gecmetrical assembly, there is no
significant difference when using different procedures and
data. On the other hand, it is concluded from this
comparison, that the experimental values by Takahashi et al
are still too high, because the calculaticns refer to an
ideal spherical assembly. Taking into account the real
geometry (beam channels, target etc.), however, there will be
a signigicant decrease of the neutron multiplication. This is
also confirmed by the experiment of Hansen et al. (see

Fig. 2).

Monte Carlo methods have been proven to be very powerful for

treating complex geometrical arragements in fusion reactor



blankets in two and three dimensions., The Le¢s Alamos code
MCNP has been used for analyzing the ceramic "pebble bed
canister blanket" /17/. A true geometrical model of a torus
sector without any idealizing approximations has been used.

The nuclear data describing the energy release are not very
reliable in the MCNP library. Therefore, the efforts to
improve the data base of MCNP have been intensified.

For the calculation of the activation and afterheat of fusion
reactor blanket components the DKR activation code, developed
at the University of Wisconsin, together with its data
library based on ENDF/B-1IV, has been implemented at Kf£K
(Siemens 7890 computer}. DKR has been coupled with the
ONETRAN transport code in a twofold way: ONETRAN provides the
spatially varying neutron spectra for DKR and finally it
performs the transport calculation for the photons created by
the radiocactive decay of the activation products. The source
strength of the decay photons is calculated by DKR. In a
first step this procedure already has been applied to a NET
blanket design. At present this analyis is deepened.

The Karlsruhe neutron transmission experiment KANT to study
the neutron multiplication and neutron leakage in concentric
shells of Pb and Be, very recéntly started operation.
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II. REACTOR PHYSTICS ACTIVITIES AT KRAFTWERK UNION

1. Nodal Diffusion and Transport Theory Methods for

Fast Reactors

The development of the three-dimensional nodal diffusion and
transport theory program HEXNOD /l1/ for fast reactors is con-
tinuing. The low order nodal transport theory method was extended
to solve 3~D fast reactor problems with a uniform mesh of hexagonal
prisms. The method assumes isotropic scattering and is based

on the nodal discrete-ordinates methced (NDOM) which was developed
earlier /2/ for LWRs in Cartesian geometry. A response matrix
technique is used for the efficient sclution of large-scale

3-D fast reactor problems. The computing times of nodal transport
theory calculations are small and only a factor of two greater
than for corresponding ncdal diffusion theory calculations

of the same problem, provided that sufficient memory space

for storing the response matrix elements is available.

For the 3D SNR Benchmark Problem /3/ excellent accuracy is
obtained in diffusion theory compared toc accurate reference
solutions. The HEXNOD results with 8 axial layers are of compa-
rable accuracy as is cobtained with the finite difference code
DIF3D using a mesh of 24 triangles per hexagon and 36 axial
planes, while the computing time of HEXNOD is smaller by a
factor of about 25. Due to the lack of a 3D transport theory
reference solution a similar comparison of HEXNOD was made

with a conventional discrete ordinate S4 calculation for two
related 2D SNR Berichmark Problems /3/. In both diffusion theory
and transport calculations HEXNOD computes the average assembly
power densities with a maximum relative error smaller than

0.4 % in the core and 2 % in the outermost row of blanket elements.
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The development of HEXNOD is in part supported by the European
Communities /4/. In a joint effort of JRC Ispra, University
of Brussels and KWU the code is currently being implemented

as the neutronics module of the generalized gquasistatic space-
time kinetics program CASSANDRE /S5/ which will later be incorpo-
rated as part of the European Accident Code EAC.

/1/

/2/

/3/

/4/

/5/
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Countries, p. 64 (1986}
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2. Parallel Solution of the Neutron Diffusion Equation on

Large MIMD Systems

The numerical solution of the neutron diffusion equation plays

an important role in the simulation of a nuclear power plant.
Highest safety requirements ask for a permanently growing accuracy
of calculations. Thus efficient numerical! algorithms together

with adequate computer architectures are required to solve these
problems. The neutronics and the thermohydraulics of the reactor
core are described by a coupled system of partial differential
equations. The sta:-ionary solution of the neutron diffusion equa-
tion as an eigenvalue problem presented in /1/, /2/ results in

a nonlinear partial differential equation system, which is dis-
cretized and solved by an iterative algorithm. Thus, a large amount
of data is generated, which, in turn necessitates powerful
computers with large storage capacity. As a consequence, the
possibilities for implementing the existing programs on conven-
ticnal computers are limited. At the present stage of scientific

development we can make use of

innovative hardware - Vector computers
- Multiprocessor systems and

improved algorithms - Multigrid methods

to reduce running time. In order to prove that a reasonable
combination of these hardware concepts and numerical techniques
yields very fast and efficient programs the iterative solution

of the neutron-diffusion-equation was parallelized and implemented
on the multiprocessor system DIRMU 25 (Distributed Reconfigurable
Multiprocessor kit}) of the University of Erlangen-Nuremberg. The
DIRMU 25 kit consists of 25 identical microprocessor modules which
can be coupled by way of multiport memories. The neighbourhocod
relationships of this memory-coupled system are achieved by simply
plugging in the respective cables. Thus, there is a great choice

for forming multiprocessor configurations (ring, cube, array etc.)

S



For the acceleration of the solution of the neutron diffusion
equation both multiplicative and conventional additive multigrid
methods were used. Two different techniques to map the problem on
multiprocessor configurations were examined., First, according to

a given problem size, the most adequate DIRMU-configuration depen-
ding on the number of available processors was chosen. As a re-
sult, we could show that the solution of the problem can efficiently
be parallelized and implemented for the existing hardware /1/. To
achieve predictions for larger systems the problem size then was
adapted to the number of processors. Thus the efficiency of the
parallel program in case of an optimal number of processcrs could
be evaluated and extrapolated to an assumed and higher number of
processors /2/. Based on these results it is possible to predict a
very high efficiency of the parallel programs for large MIMD
systems (even with more than 1000 processors), provided the problem
is sufficiently large and the processors are equipped with power-
ful (vector)-coprocessors (MSIMD-architectures).

/1/ H. Finnemann, J. Volkert:
Parallel Multigrid Algorithms Implemented on Memory-Coupled
Multiprocessors, Int. Top. Meeting on Advances in
Reactor Physics Math. and Comp., Paris 1987

72/ H. Finnemann, J. Brehm, E. Michel, J. Volkert:
Sclution of the Neutron Diffusion Egquation through
Multigrid Methods Implemented on a 25-Processor-System
Proc., Conf. on Vector and Paralle)l Processors in Comp.
Science III, Liverpool 25th to 28th Aug. 1987
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3. Status of Investigations related to Thermal Recycle of

Plutonium and Uranium

In the Fed. Rep. c¢f Germany the technical feasibility and eco-
nomic use of reprccessed plutonium have been proved primarily

for PWRs. The programme 1s scheduled to be extended to include
BWRs in order to increase the recycling capacity. No technical
problems have arisen in the design and use of reprocessed ura-
nium after enrichment as ERU (= enriched reprocessed uranium)

fuel assemblies. Strateqgy and current status of this recycling
programme was presented in /1/ and /2/. There is also a connection
to the investigations on thorium use in PWRs /3/, where plutonium

is proposed as initial and make up fissile material.

For the validation of the nuclear design methods and data all
experimental data of the recycling demonstration programmes

in the reactors KWD, GKN~1, KKU and KKG/BAG and special irradia-
tion experiments are used /1, 2, 4, 5/. The insertion of MOX

and ERU fuel assemblies shows that thermal recycling is feasible
on an industrial scale and that common levels of reliability and

safety can be achieved in reactor operation.

/1/ G. J. Schiosser, S. Winnik:
Thermal Recycle of Plutonium and Uranium in the Federal
Republic of Germany, Strategy and Present Status
IAEA~SM-294/33

/2/ Horst Roepenack, Fritz U. Schlemmer, Gerhard Schlosser:
Development ¢f Thermal Plutonium Recycling
Nuclear Techrology 77, p. 175 (1987)

/3/ M. Peehs, G. Schlosser:
Prospects of Thorium-Fuel Cycles in a Standard Pressurized
Water Reactor
Siemens Forsch.- und Entwickl.-Bericht 15, p. 199 (1986}

/47 D. Porsch, G. Schlosser, W. Stach, M. Zimmermann:
iiberwachung der Leistung von MOX-Brennelementen in DWR:
Methoden und Verifikation
Jahrestagung Xerntechnik ‘87, p. 47 (1987)

/5/ W. Goll, D. Porsch, F. Schlemmer:
Betriebsverhalten von Brennstdben mit Wiederangereichertem
Uran (WaU 1)
Jahrestagung XKerntechnik '87, p. 421 (1987)
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4. KHCR, an Advanced PWR with Tight Lattice

The high commercial success of current PWR-Nuclear Power Sta-
tions is an incentive to carry this technology even further.
Among the goals for future plants, great importance is placed
on significantly improving fuel utilization and energy autonomy:
burning plutonium in standard light water reactors can improve
fuel utilization only marginally and the commercialization of

the fast breeder reactor may be delayed into the next century.

Thus various other measures {(e. g. better reflectors, spectral
shift displacement rods, low-leakage management strategies) have
been proposed to improve fuel utilization in present PWRs on the
basis of a standard fuel rod lattice. But even if applied in

combination, they will not bring an ore savings effect of more
than 20 %.

The KWU High Converter Reactor (KHCR), which is the natural
development of the Convoy PWR can increase the fissile material
recovery rate to values of 0.9 and more, drawing to the largest
extent possible on the proven technology in hand, being in line
and compatible with the ultimate goal of breeder development
and allowing a high degree of adaptation in case of the energy
scenario changing form low to high growth /1/.

Qur actual design basis to gain values nearby the optimum is

the socalled "homocgenecus core”, with a very tight lattice as a
vardstick (the essential geometrical parameter p/d being 1.12,
corresponding to VM/VF 0.5) and a fissile material concentra-
tion of app. 7.5 % Pu. Since a Pu fuelled tight lattice renders
the physics characteristics intermediate between those of common
LWRs and FBRs, for increasing safety margins expecially with
respect to the void coefficient a broad experimental data base
is actually prepared /2/. Although there are still a lot of
detailled aspects to be checked, results achieved so far showed
that all important design problems currently under investigation

can be solved, and thus the gradual realization of a KHCR can
be guaranteed,
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/1/ to be published ANS-Winter-Meeting 1987

/27 R. Chawla, F.J. Erbacher, H. Moldaschl
Achieving high conversion
Nucl. Eng, International, June 1987, P. 62

5. Neutron Physical Performance of 9x9-90 Fuel Assemblies
for BWRs

The neutron physical performance of 9x9 fuel assemblies with a
large internal water channel, that replaces 3x3 fuel rods of
the 9x9 array (9x9-9Q) was analysed /l/. The design meets the

demands inposed on advanced BWR fuel.

Developed on the basis ©f the proven 9x9 concept it is charac-
terized by large thermal margins and - due to the reoptimization
of the moderator distribution - by a large hot-cold reactivity
difference, two features that are especially useful if extended
load following operation and therefore high operation flexibility
is desired. Furtaermore, when compared with standard BWR 8x8-2
fuel, it exhibits significantly higher discharge burnup at equal
enrichment and smaller void feedback. The 9x9-90Q design there-
fore offers considerable potential for further enrichment and

burnup increase.

Lead test assemblies have been inserted since 1986 in the KKK-plant,
where complete reloads are scheduled from 1988 on. Additional
9x%x9-9Q assemblies will be supplied in 1987 and 1988 to at least

four more BWRs.

avi D. Bender, 0. Bender, P. Urban
Beoiling water reactor reload fuel for high burnup:
9x9 with internal water channel
Kerntechnik 50 (1987) No. 4, pp 222-226



6. Thermal Hydraulic Tests of 9x9-9Q Puel Assembly

In order to determine the thermal hydraulic characteristics of
the advanced 9x9 fuel design various test series were performed
in the ATLAS-Loop of General Electric Co. using full scale test
bundles with a large squared water channel replacing the 9
central fuel rod positions. Experimental conditions were chosen
in such a way that the integrated water structure series matched
the earlier 9x9 tests with 1, 5 and 9 water rods.

Single and two phase (steam-water) pressure drop measurements
were taken in vertical upflow tests of 72 electrically heated
rods simulating fuel bundles with modified 9x9 spacers. The
measured pressure drop values which could be well predicted

by design methods were comparable with those of 8x8 bundiles
thereby confirming the hydraulic compatibility of both fuel
types in a mixed core.

The critical power tests confirmed the expected improvement

of the modified 9x9 spacer design. The results were analyzed
using the XL critical power correlation /1/ which was developed
on the basis of 9x9-1 measurement. The analysis showed that the
data could be predicted with a standard deviation of 1.1 %.

/1/ W. Kraemer, W. Uebelhack, G. Preusche, M. Schrader:
Anwendung der thermchydraulischen Analysenmethode THAM
auf Siedewasserreaktorkerne mit 9x9 Brennelementen,
Jahrestagung Kerntechnik 1982, Conf. Rep., pp. 85-88



7. A BWR Fuel Channel Model with Low Calculation Time and

Memory Requirements

This model, cal.ed FLOT, was developed as a module of a BWR-
training simulator /1, 2/, which has tc operate in real time on
a small computer demonstrating even 3D effects occuring in the
reactor core.

Additicnally it is an appropriate tool for 3D-stability calcula-
tions in the time domain, just if the regional behaviour has to
be studied and nearly every fuel channel has tc be taken into
account.

In both cases a high calculation speed combined with low memory
requirements are necessary conditions. This could be reached by
introducing empirical simplificaticons for the wvoid distribution.
Integrating the conservation eguations in the single and two
phase regions separately ordinary differential equations for the
mass rate, the boiling boundary and the steam quality at the
channel exit can be obtained /3/.

Due to this method the computation time was reduced by a factor
of 200 compared with the design code TASCOZ without loosing a

significant amount of accuracy, as can be seen in the figure.

/1/ Reactor Physics Activities in NEA Member Countries
NEACRP-L-295 (1986), p. 67

/27 H. Finnemann and H. Raum
Nodal Expansion Method for the Analysis of Space-Time-
Effects in LWR's, Proceedings of Spec. Meet. on the Calc.
of 3D Rating Distrib. in Operating Reactors
November 1979

/3/ F. Wehle, D. Kreuter and M. Schrader
Kanalstabilitdt von BWR-Brennelementen
Siemens Forschungs- und Entwicklungs-Bericht, Bd. 14 (1985)
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ITT.

REACTOR PHYSICS ACTIVITIES AT INTERATOM

Computational Methods

The threedimensional ccarse-mesh code DEGEN with mesh-
internal cubic flux approximation has been gualified by
comparing its results with those of the finite difference
code D3E. The compariscn has shown that the deviations with
respect to kg¢s and absorber worth predictions are smaller
than the normal mesh-size effects of D3E. The power distri-
bution within the core can be predicted with DEGEN with an
accuracy of % 2,5 % whereas in the radial blanket somewhat
larger deviations of up to 10 % do appear which need some
further investigations. In general, it was concluded that the
errors causec¢ by the coarse-mesh method are much smaller than
the normal ccmputational uncertainties. On the other hand,
the reduced computer time of DEGEN (factor of 3 to 10
depending on the mesh-size used in the finite difference
code) and its pronounced flexibility have made this code to a
valuable tocl for the design of reactor cores.

Global Reactor Analysis

The problem of flux and power tilting due to an unintentional
withdrawal of an absorber has been investigated for SNR 2.
Due to the pronounced decoupling effects in large cores with
a fissile zone diameter of about 4 m, these effects have much
more severe consequences than in smaller cores like SNR-300.
In case of the withdrawal of one single absorber out of the
whole bank of the primary shutdown absorber the level of
maximum linear rating increases by about 50 % and thus
reaches the level of local fuel melting. In case of two
neighbouring withdrawn absorbers, the linear power is
increased by up to a factor of two and the level of fuel
melting is exceeded in a large number of fuel S/As. In order
to initiate reliable measures against these unacceptable
perturbations, the flux monitoring and coolant outlet
temperature measurements shall be used as independent and
diverse systems. It is still being investigated whether it is
possible to avoid reactor shutdown in case of such
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perturbations by identifying the withdrawing rods and
initiating special measures,

With the goal of an optimization of the fuel element
management of SNR 2, two possible management policies have
been compared: a scatter loading with the fuel subassemblies
being loaded at various positions throughout the core where
they remain during their whole life and a zone loading where
fresh fuel is loaded into a certain zone, burnt fuel is
unloaded from another one and inwards shuffling of partially
burnt subassemblies from one position to another is
necessary. Threedimensional power and burnup calculations
have shown that in case of the management scheme with
shuffling the level of the linear rating can be reduced by
about 10 % and the maximum displacements and fuel burnups are
smaller by about 10 % for the same average discharge burnup.
This management scheme has therefore been chosen as reference
for SNR 2.

Evaluation of Fast Critical Experimentsg

The threedimensional transport code MOCA has been used for
the evaluation of the critical configurations and absorber
worth measurements in SUPERPHENIX-1. The ratios of
experimental to calculated values (E/C) are

E/C {critical mass) = 0,992 + 0.002 (20)
E/C (absorber worth) = 1.05 % 0.03 ({20)

They £it very well with the experiences gained over the past
15 years in a large number of zero power experiments. The
average E/C-values are

E/C (critical mass)
E/C (absorber worth)

0.991 * 0.005 (20)
1.06 + 0.05 (20)

I

Due to the good consistency of the E/C-values of the critical
experiments and the large power reactor SPX-1, the reactivity
values calculated for SNR 2 can be considered to be well
proven.

The evaluation of the fission and capture rate measurements
of SPX-1 is in preparation.
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Iv. REACTOR PHYSICS ACTIVITIES AT
THE UNIVERSITY OF STUTTGART (IKE)

1 Development of the Code [CM2D

{Th. Riickle, D. Emenddrfer)

For multigroup assembly calculations in xy-geometry a fast trans-
port code has been developed based on an interface current method

{ICM) with consistent mean partial current coupling.

Transmission-, collision- and escape-probabilities are calculated
with linear space- and angular-dependent neutron surface distribu-
tions and volume sources. The admixture coefficients for the linear
space- and angular-dependent correction terms are determined in
first approximation by the mean partial surface current densities
of the incoming and outgoing neutrons and the mean neutron flux
density in the node. In this approach we -have the same number of
equations and unknowns as in the classical Ji—method (with constant
source— and isotropic angular-distribution), but with different and
additional matrix elements, accounting for a higher degree of
transport information. Linear anisotropic scattering is included.
The multiple integrals of the different components of the linear
space~- and angular~dependent transmission- and escape-probabilities
are reduced analytically to single integrals, which ¢can be evalua-
ted fast by GauB-Integration and tabulated as functions of the
total cross-sectior. The collision probabilities follow from the
transmission- and escape-probabilities by the respective neutron

balance equations.

The ICM2D equations are solved by outer and inner iterations. The
direction of the inner iterations changes alternately. The cuter
iterations are accelerated regarding upscattering in the thermal

groups.
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A 45-group [CM2D-calculation of power distribution and eigenvalue
for a 14x14 PWR fuel assembly with 4 Gd-rods takes 13 s on CRAY-2.
The results agree well with a S,-calculation of 3x3-subdivision of

the nodes.

/1f Rickle, Th.; Emend&rfer, D.:
ICM2D, Ein Programm zur Losung von Vielgruppen-Neutronentrans-
portproblemen in (x,y)-Geometrie nach dem Ji—Konzept mit kon-
sistenter Partialstromkopplung.
Stuttgart: IKE, 1987 (IKE 6-172)

2 Coupling of Diffusion- and Transport Theory for 3D-Applications

{W. Bernnat, F.A.R. Schmidt}

The 3D-treatment of neutron streaming in cavities e.g. in the cavi-
ty between pebble bed core and top reflector of a HTR is realized
using a 30-finite element method f1/ for non-cavity regions and a
3D-response matrix method for cavit& regions in which control rods
may be inserted /2/. The cavity region and the non-cavity regions
are coupled by means of internal boundary conditions which are
depending from the flux and its space-derivatives at the cavity
surface: the currents going out of the cavity at the cavity surface
elTements can be calculated by multiplying the incoming currents
with corresponding response matrix elements and integrating over
the surface. The application of this method is planned for the

calculation of reactivity effects due to movement of control rods
in the cavity of the HTR-500.



/1/ Schmidt, F.A.R.; Fremd, R.; Worner, D.
DIFGEN - A Program Package for the Solution of the Diffusion
Equation by the Finite Element Method.
Stuttgart: IKE, 1978 (IKE 4-75}

/2] Neumann, K.; Bernnat, W.; Emendorfer, D.:
Treatment of Neutron Streaming through Cavities in SN~Transport
and Diffusion Calculations.
Intern. Topical Meeting on Advances in Reactor Physics, Mathe-

matics and Computation, Paris 1987

3 Dynamical Behaviour of a Graphite-Moderated Boiling Water
Reactor (RBMK-1000) in the Point Kinetics Approximation

{B. Lukas, D. Emenddrfer)

After the power excursion in the Chernobyl RBMK-1000 a sensitivity
analysis of parameters describing the dynamical behaviour of BWR

with different feedback~features has been carried out. The simula-
tion model consists of five basic equations covering neutron kine-

tics and thermal hydraulics:

® integro differential equation for the power as a function of

reactivity including 6 classes of delayed neutrons,

& reactivity as a function of fuel temperature, steam void and

control rod position,
® differential equation for the mean fuel temperature,

& differential equation for the height of the single phase region

in the coolant channel,

% differential equation for the mean volumetric steam content in

the core.



With this model reactor dynamics has been investigated for pertur-
bations in coolant mass flow and external reactivity. Parameters
are;:

® void reactivity coefficient,
® initial power level,

® heat transfer with and without film boiling.

{1/ Lukas, B.; Emendérfer, D.:
Dynamisches Verhalten eines graphitmoderierten Siedewasserreak-
tors (RBMK-1000) nach einem'Punktmode11.
Stuttgart: IKE, 1987 {IKE 6-173)

4 Mconte Carlo-Calculations for the Activation Rates in Incore
Detectors of KWO-Reactor .

{W. Bernnat, D. Lutz)

For the calibration of the aeroball incore detectors in a power
reactor the flux distribution near detectors has to be well~known,
The usual calculational method, the superposition of the coarse
mesh fluxes and the heterogeneous assembly fluxes lead to inaccura-
te results in MOX assemblies and their neighbourhocod and near the
reflector. fFor this reason a Monte Carlo-calculation has been per-
formed for 1/8 section of the KWO-reactor {PWR) with a fully he-
terogeneous representation of the 2 included MOX assemblies and 9
homogeneous meshes for each Uranium assembly. The 45 group cross-
sections have been calculated using the local distribution of burn-
up, Xenon density, fuel temperature and moderator density resulting
from a 2-dimensional coarse mesh calculation with 2 group cross-—
sections. The differences of the calculated activation rates for
the 8 included incore detectors and the axial integrated measure-
ment results are between O and 5 %.
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5 Use of JEF-1 Data for Reactor Physics Problems

(W, Bernnat, D. Lutz, M. Mattes)

JEF-1 data were used for a large number of thermal benchmarks /[1/
and - more and more - also for applications in PWR-cycle calcula-
tions, in criticality safety calculations and for research reac-
tors. For many different nuclear systems reliable results could be
achieved compared with corresponding experiments or results derived
from ENDF/B-V. The largest differences were found for homogeneous
Pu-systems, for which keff was overestimated up to 1.8 %. For
uranium systems very good results were found for both homogeneous

solutions and for wide and tight LWR-Tlattices.

/1/ Bernnat, W.; Mattes, M.; et al.:
Analysis of Critical Experiments for the Validation of JEF-1
Data in Thermal Reactor Applications.
Intern. Topica’l Meeting on Advances in Reactor Physics, Mathe-

matics and Computation, Paris 1987

6 Neutrorn Spectrum Calculations for the UBR-Reactor

(G, Prillinger)

A series of two— and one-~dimensional transport calculations have
been performed at IKE to characterize the neutron environment of
two out-of-core irradiation experiments in the University of
Buffalo Reactor (UBR}, New York. The work funded by US-NRC, has
been done under contract with *Materials Engineering Associates®',

Maryland.



For the two long-~time experiments the influence of changes in core
loadings, of burn-up and the perturbation of the neutron spectrum
by the experimental set-up and surroundings have been investigated.
The D0T4.2 code has been used to calculate neutron spectra. The
third dimension has been taken into account by space and energy
dependent bucklings. Nuclear data have been taken from the Joint
European File [JEF) and the International Reactor Dosimetry File
{IRDF}.

The transport calculation results show small effects, generally
below 1 ¥, for changes in the core during the irradiation. Changes
in the experimental set-up and surroundings are much more influen-

tial to the neutron spectrum and must be handlied carefully.

7 Software for Evaluating the Local and Time Dependent
Distribution of Radionuclides in the Lower Atmosphere and after

Deposition on Ground

(G. Hehn, A. Bdhm, Th. Miller, M. Mattes)

For evaluating the radiological effects of the reactor accident of
Tschernoby! all measurements officially made in the Tand Baden-
Wirttemberg, have been stored in a computer Tibrary. Appropriate
interpolations were performed to get the local and time dependent
distribution of radionuclide concentrations considering the decay
of the active products and the relations between the integral quan-
tities measured. Since also the measured data of food activities
were included, the radiclogical burden of all groups in the popula-

tion were derived and plotted by modern colour graphics.

In the first year after the Tschernobyl accident the increase of
the effective dose equivalent im socuth-west Germany varies between
10 mrem and 80 mrem for adults and about 20 % higher values for
~babies.
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V. Reactor Physics Activities at the
Technical University of Braunschweig {IfRR)

J. Axmann

Three different main activities have been carried out during the last year
in the field of neutron physics at the Institute for Spaceflight and Reactor
Technology (IfRR}), Technical University of Braunschweig.

a) Code development:

The 35 energy groups-, multi-zone-cellcode SPEKTRA has been implemented as
a source of weighted group constants for the two-dimensional diffusion code
DITUBS /1,2/. The treatment of the neutron-scattering in the thermal region
has been improved.

b} Verifications of the data base and benchmark participations:

Main activities have been evolved to validate the cross section library,
basing on ENDF-B IV and V. The aim is to achieve a revised data base for

tight PWR-1attice calculations, especially in the case of coolant-Toss. With

a view to this, the [fRR is participating in the PROTEUS experiments in Wiren-
lingen as an associated partner of KWU-Erlangen in cooperation with KfK-Karls-
ruhe and EIR-Wiirenlingen. The theoretical interpretations include cell- and
whole-core-calculatinons, but also eigenvalue corrections basing on pertuba-
tion theory. Additionally the evaluation of the lattice-eigenvalue in a

direct manner has been proposed /3/. The theoretical NEACRP-Burnup benchmark
/4/ represents an excelient completion, because of the design near to the
Proteus geometry buth with temperatures of power reactors.

¢) Parametrical studies

Several design studies have been performed showing the potential of diffe-
rent tight lattices /5,6,7/. Parametrical investigations concerned the fuel
compositions, the neutron-physical behaviour of steel additives and the fuel
radius. Additionally the consequences of the coupling between necessary en-
richment and fuel corsumption for a fixed burnup on the fuel cycle costs

could be shown.
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11/

12/

/3/

/4/

/5/

/6/

/7/

Kliiver, B.: Erstellung eines FORTRAN-Programms zur Berechnung eines
Multigruppen-Neutronenspektrums von Druckwasserreaktoren. Report K 8705
IfRR 1987

Zeggel, W., W. Oldekop, J. Axmann, 5. Bethke, H. Moldaschl, G. Ulrych,
H.D. Berger: Analytical Methods in the High-Conversion Reactor (HCR)
Core Design. Accepted paper for the special issue of "Nuclear
Technology”.

Axmann, J.: Progress Report K 8719 IfRR 1987

Akie, H., Y Ishiguro, H. Takano: Preliminary Report of HCPWR Cell
Burnup Benchmark Calculations. To be published at the 2%9th NEACRP
meeting

Axmann, J., X. Cheng, W. Oldekop: Neutronenphysikalische Aspekte unter-
schiedlicher Moderator-zu-Brennstoff-Volumenverhaltnisse bei Druck-
wasserreaktoren. Kerntechnik Vol. 48 No. 4, 1986

Axmann, J., W. Oldekop: Neutronenphysikalische OptimierungsgroBen eines
fortgeschrittenen Druckwasserreaktors. Proc. Jahrestagung Kerntechnik
1987 Karlsruhe, S. 19ff, 1987

Axmann, J., W. Oldekop: Parametric studies for the nuclear design of

high-conversion pressurized water reactors. Kerntechnik Yol. 50 No. 4,
1987
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ITALY

1)

1.1)

Reactor Physics Activities In Italy
R, Martinelli, ENEA

INTRODUCTION

Most thermal Reactor Physics activities in Italy have been carried
out to provide support to the design and/or licensing reviews of BWR/6
"Alto Lazio" and of HW/BLW "Cirene'", the requests for new analyses
being obviocusly prompted by the Chernobyl accident {(the event itself
has been -and will continue to be- analyzed by an "ad-hoc group).
In the fast reactor area, the halt called in 1986 by the Parliament
for new committements has not been waived; so, all Reactor Physics
activities are concentrated under the European AGT-3 umbrella.

In the meantime, the nuclear power program remains frozen, both for
the planning of new plants and for the three operational stations
shut down months ago for reload and/or unscheduled inspection and
still awaiting the authorizations to restart. In fact, neither the
conclusions of the National Energy Conference {(March) nor the ocutcome
of the general election {June) have led to a firm decision on the
nuclear issue., Decisions are unlikelytc be reached before the "indi-
rect" referendum [November?) is held.

INTEGRAL EXPERIMENTS

No integral fast experiments have been performed in Italy (TAPIRO,
which was used in recent years to feed blanket or shield configura-
tions, is shut down to allow the installation of a computerized system
for plant and environmental surveillance). Interpretation work is
carried ocut at ENEA in cooperation with CEA, in the framework of the
Research and Development Agreement existing between the two organiza-
tions.

Cne thermal critical facility is still operational, the heavy water
moderated RB-3, which is mainly used for experiments in support to
CIRENE core design and low-power commissioning tests preparation.

BALZAC (MASURCA). ENEA has partecipated in the design and implementa-

tion of specific configurations simulating large LMFBR cores, like
"DE2", aimed at reducing the uncertainties related to the gamma-ray
heating and neutron energy deposition for absorber and diluent subas-
semblies, and validating the appropriate "formulaire" /1/ and "IL",
aimed at reducing the uncertainty of the heavy isotopes component
of the reactivity loss per cycle /2/.

The status of the programme is illustrated in the French progres re-
port to the Committee. (ENEA/VEL, Casaccia)



1.2)

2)

PROFIL (PHENIX). ENEA has continued to significantly cooperate in
the interpretation of selected irradiation experiments of pure separat-
ed isotopes, the main objective being the validation of the basic
data for the cross-section of the Np-237 (n, 2n) reaction. As a result
of this interpretation, an integral wvalue has been obtained of the
branching factor for the reaction, and a very good agreement between
calculation and experiment has been reached by using Pu-236 production
cross-sections derived from JEF1 /2/. (ENEA/VEL, Casaccia)

Beta effective (SNEAX/ZPR). The SPXl reactivity scale study previously
carried out for four SNEAK experiments /3/, has been continued with
the interpretation of six beta effective measurements in ZPR configura-
tions, made available by ANL. The resulting, more significant analysis

of ten values, has shown that the SNEAK and ZPR results are substan-
tially coherent; a general calculation/experiment agreement is obtain-
ed using Tuttle's 1975 data, with the notable exceptions of ZPR cores

containing high volume fractions of structural materials. On the other
hand, no correlation has been found for fuel compositions or sodium

contents, which can lead to the identification of systematic errors /4/.
{ENEA/VEL, Casaccia)

ERESIA (RB-3).After completing the simulations of most physics measu-
rements scheduled for CIRENE commissioning, void reactivity effects
in CIRENE mock-up bundles have been measured in the critical facility
RB-3. Various measurements have been made with natural and 1.15% enrich-
ed fuel, with different bundle configurations and with "coolant" (H20)

densities varying from 1 to 0 (intermediate densities were simulated
by H20-D20 mixtures). The interpretation via the WIMS D-CITATION route

showed excellent’ agreement between calculation and experimental results,

so that the latter can be confidently extrapolated to CIRENE core
design /5/. (ENEA/CIRENE, Casaccia and Montecuccolino)

LWR CODE SYSTEM

ENEL, with the technical support of CISE, have completed the implemen-
tation and the systematic checking of their Integrated Code System
(EICS) for LWRs, an accurate and effective system for core plant design
and operation. In particular, the interface code for 1-D core models
of the plant dynamic simulators has required particular care. In fact,

the interface code had to contain the neutronic and thermal-hydraulic

core medels, in order to preserve consistency between the 3-D and
1-D models in terms of axial power shape, control rod worths and core
response to thermal-hydraulic perturbations /6/. These activities
have shown that some aspects of thermai-hydraulic models -particularly,
their application procedures- are still worth inﬁestigating, whereas
it is hard to identify any incentive to further develop LWR neﬁtronics
calculational methods. 0On the other hand, the drastic reduction of
RP activities in many laboratories makes it difficult to find expert



3)

3.1)

3.2)

support when one needs to use "reference'" codes (often set-up in the
sixties) to validate simplified neutronics models suitable for opera-
tion applications. (ENEL/DCO, Roma and CISE, Milano)

DEVELOPMENT OF CALCULATIONAL METHODS

Re—evaluaticn of the Chernobyl accident. A preliminary analysis of
the neutronics and thermal-hydraulics of the first two phases of the
event (initial positive reactivity insertion and first Doppler tran-
sient}) has been made using standard computational methods’ and the
conclusions drawn. are reported below /7/:

~ in the accident configuration, the average void coefficient for
the whole core is assumed to be .3 mk/% void. If the voided regions
are the ones nearest to the core axis, the void coefficient is three
times higher. This fully explains the enormous reactivity increase
which characterizes the first phase of the transient;

— the design errcrin the scram rods (reduced length of the graphite
follower) can generate an unwanted positive reactivity introduction
when the rods are inserted for the first meter. This effect amounts
to about 1 mk if all the other rods are withdrawn and becomes about
4 mk only if some of the regulating rods are inserted about one third
{this, though, does not seem to be the case);

- the Doppler (negative} reactivity introduced during the transient
is lower than one could envisage, because the effective Doppler tempe-
rature strongly depends on the fuel surface temperature. At fuel melt-
ting{2830°C) the effective oxide temperature is only 1700°C, The model
for the calculation of the effective fuel temperature must be re-eva-
luated;

- the design dynamics model is zero-dimensional, but in some way ac-
counts for space-time corrections and can be considered reliable up
to the first peak. However, it is not reliable during the last phase
(core disassembly and generation of the thermal and the mechanical
energy which caused the explosion). For a self-consistent evaluation
of the accident it is necessary to use the kinetics and dynamics mo-
dels developed in the last ten years for the analysis of the reactivi-
ty accidents (TOP)} in fast reactors. These models must be adapted
to the RBMK reactor (and extended to LWRs, aiming at re-assessing
reactivity accident conditions and consequences in these concepts).
{ENEA/VEL, Casaccia)

Fuel Transportation Casks. In the framework of the NEACRP Working
Group for the intercomparison of codes for the shielding assessment
of transportation packages, a calculation methodology has been applied,
based on the Monte-Carlo code MCNP with a new point-energy neutron
cross-section library derived from JEF-1 via the THEMIS-ACER /10/

systen.
This and other methods -based on the SCALE-2 modular system Or devel-

oped at ENEA for special applications /8/- are being used in design ve-



4)

5)

5.1)

rifications and licensing reviews of casks for the transportation
of irradiated CIRENE-type fuel and other fissile material in solid
or liquid form. (ENEA/TIB and PAS, Bologna)

Advances in Generalized Perturbation Theory

An effort is being made to develop a code for sensitivity analysis
in the thermohydraulic field, making specific use of the heuristical-
ly based generalized perturbation theory. In particular, the interface
conditions between the fuel pin and the ceolant are accounted for
by simply extending the thermohydraulic operator. This code will be
based on COBRA IVC, which will be used for the calculation of the
reference cases.

In general, the code will be capable of allowing extensive studies
to be made, relevant to functionals which depend on the variables
describing the system {(for each channel: fuel, cladding, coolant and
wall temperatures, material densities, coolant pressure, cross-flow).
The main structure of the extended jacobian matrix operator for the
calculation of the importance function has been already defined.

A first version of the code is foreseen for the end of the present
year and will be limited to problems at steady state, operating, con-
ditions /9/. (ENEA/VEL, Casaccia)

JEF-1 DATA PROCESSING AND VALIDATION

The ACER module of NJOY for the production of point libraries for
the Monte-Carlo code MCNP, has been implemented into the CRAY version
of THEMIS /10/. A first set of 37 materials from JEF-1 has been proces-
sed; the validation of the library, which includes both neutron and
photon data, is underway /11/.

A 219 group library from JEF-1 has been produced in the AMPX Master
Interface Format for criticality safety calculations and is being
validated by means of some benchmarks of the OECD-NEACRP Criticality
Working Group /12/. (ENEA/TIB, Bologna)

NOISE ANALYSIS AND RELATED METHODS

BWR Stability Monitor. The system has reached a very advanced stage
of development. The hardware for signal conditioning and sampling
{up to 128 data acquisition channels) has been set up, as well as
the software for computation and management. The whole system has
been assembled and its compliance to all functional and design speci-
fications has been successfully tested on analogue data recorded at
Caorso NPS /13/. The field testing of the system is scheduled for
the next Caorso reload. (ENEA/TERM, Casaccia)
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5.3) Core Barrel Oscillation Studies. The time series analysis methods

5.4)

5.5)

6}

6.1)

have been applied to the study of core barrel vibration as seen by
ex—core neutrcn detectors. It turns out that the separation of neutro-
nic noise components method, {Dragt, Turkan, Prog. Nucl. En. Vol.1l,
p.2931) slightly modified, is quite sensitive to detect direction
of oscillations and frequencies /1%/. It has been found that the bar-
rel oscillates along the wvarious directions one after the other and
not simultaneocusly as it appears from the linear analysis. (Polytechnic
of Milan)

Control Rod Vibration Studies. The detection and localization of a
control rod aromalously vibrating in a PWR has been studied. Prelimi-
nary results indicate that some recent methods appeared in literature
are too sensitive to variations of the selected reactor physics model
and to the presence of white noise superimposed to the signals coming

from in-core neutron detectors /16/. The potential of least-square
and correlation methods is now under investigation. (Polytechnic of

Milan)

Plutonium Assay. The problem of measuring the Plutonium content in
irradiated fuel samples or in drums from reprocessing plants via sta-
tistical methads, has been tackleds' The analysis is non destructive
and is based on the detection of spontaneous fission neutrons from
even isotopes of Plutonium and on their discrimination from the "back-
ground" neutrons originated by (&, n) reactions in Oxygen.

The general assessment of the problem has been completed, within the
frame of a multigroup transport theory and of the Kolmogorov-Dmitriev
theory of branching stochastic processes /17/. (Polytechnic of Milan)

FUSION TECHNOLOGY

Blanket Neutronics. At the conclusion of the study on "I1 Mantello"
(a ceramic breeder in toroidal tubes blanket cocled by helium in cross-
flow) /18/, a "mixed" poloidally cooled blanket for NET has been stud-
ied that is perfectly compatible with the obligue removal scheme for
NET first wall boxes /19/. In connection with this and in the frame
of Design Studies Bl{Blanket}, N2 (Shield) and N4 (NET Water Cooled
LiPb Blanket), detailed 3-D neutronic analyses have been performed
by using the continuous Monte-Carlo code M.C.N.P.. This code allows
the most accurate treatment for neutrons and related gamma-rays tran-
sport problems in complicated geometries including the real features
of the plasma source. The analysis has been applied to the reference
design of the NET-Double Null First Wall/Blanket and Shield systems.
Both the liquid {LiPb) and seolid ({(ceramic) breeder blankets (inserted
within the c¢losed box structure envisaged for the NET first wall)
have been analyzed by using two 3-D complementary geometrical models.
The first is a 3-D detailed geometry of a single blanket module repre-
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presenting the "almost real" features of different materials, cooling
system, box sides and gaps, avoiding any material homogenization:
this model was used to calculate the fine space distribution of tri-
tium production and energy deposition. The second model consists of
a 3-D toroidal geometry representing,in the NET device, the real shape
of outboard and inboard blankets; divertor zones and ports: this model
was used to calculate the overall tritium breeding ratio, the poloidal
distribution of neutron wall load, the tritium production, the energy
deposition (also on the superconducting coils behind the shield) and
the radiation streaming through the vacuum pumping duct /20/. (ENEA/
FUS, Frascati)

Neutron Dosimetry. An irradiationr experiment with neutrons up to
800 MeV, performed at LAMPF in Los Alamos, has been analysed in order
to collect data of importance for the first wall damage in future
fusion reactors. The neutron energy spectrum has been determined by
the adjustment technique applied to the activation data; a neutron
cross section library for 14 activation or production reactions
has been prepared and shown to be adequate to the problem /21/.

The work was performed as a collaboration with CCR-EURATOM of ISPRA.
(Polytechnitc. of Milan)
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JAPAN

REACTOR PHYSICS ACTIVITIES IN JAPAN
(OCTOBER 1986 - SEPTEMBER 1987)

Compiled by

Y. Kaneko {JAERI) and K. Shirakata (PNC)

" INTRODUCTION

Analytical and experimental efforts were continued to support the
developments of Liquid Metal Fast Breeder Reactor (LMFBR) and
Advanced Thermal Reactor (ATR) on the national projects.
Attention was drawn to some new topics in reactor physics, of
which the R and D has beccme much active. One of these topics is
concerned with High Conversion Light Water Reactor (HCLWR), which
has been investigated from the viewpoint of reactor physics at
Japan Atomic Energy Research Institute (JAERI), pressurized water
reactor (PWR) and boiling water reactor (BWR) fabricaters, and
also at some universities. Critical experiments are being per-
formed at FCA (JAERI) and KUCA (XKyoto University). Improvement
and assessment of HCLWR core design methods were proceeded.
Interest for the innovative design study with aiming at increas-
ing the inherently safe features has also been emphasized for
light watér reactors and advanced fuel loaded FBRs. Some inten-
sive analyses of Chernobyl Power Plant have been made. Nuclear
and thermal hydraulic charasteristics have been clarified to some
extent, Another remarkable trend is an attention to the critical-
ity safety problems. This trend has been enhanced by promoting
the criticality experiment under the collaboration research pro-
gram between Péwer Reactor and Nuclear Fuel Development Corpora-
tion (PNC) and US-DOE, and also by actually starting the nuclear
fuel cycle safety'experimental facility (NUCEF) program at JAERI.
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Much efforts have been devoted to the blanket neutronics of fusion
reactor at JAERI and universities. That is, the major part of
activities are the neutronics studies using the neutron source at
the Osaka University based on the universities joint research pro-
gram and the FNS experiments at JAERI under the cocllaboration
research program between JAERI and US-DOE.

Related to Reduced Enrichment for Research and Test Reactors
(RERTR) Program, the conversion from use of 93 % enrinched uranium
fuel to 45 % has been completed in JMTR of JAERI.

Concerned with radiation shielding, continuous studies have been
made the radiation streaming problems at various facilities.
Recently, much efforts have been paid also on benchmark problems,
of which the major activity is the correspondence to the shield-

ing benchmark connected with NEA.

Data and Method

{(Benchmark Test of JENDL-3}

The preliminary version of JENDL-3 evaluated based on purely
nuclear physics view point is almost completed. The working
group for the benchmark test of the library is organized under
Japanese Nuclear Data Committee. The working group including 44
reactor physicists is sub-divided into six sub-groups, (1) Stand-
ardization of reactor constants, (2) Integral test on FBR, (3}
Integral test on LWR including high conversion LWR, {(4) Integral
test on fusion neutronics, (5) Integral test on shielding, (6}
Integral test on dosimetry.

The modification of the library is scheduled on this autumn re-
flecting on the results of the above integral tests. The bench-
mark test will be repeated for the modified library. The fipal
results will be presented at International Conference in Nuclear
Data for Science arnd Technology, held at Mito Japan, May 30 -
June 3 1988. '
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A new calculation method of sensitivity coefficients of cell

parameters has been developed and applied for a high conversion
. 1)
light water reactor™’.

References;

1) Takeda T. and Nakano M.: J. Nucl. Sci. Technol., 23, 681
(1986).

UTILIZATION OF THORIUM

As a'part of Special Project Research on Energy under Grant-in-aid
of Scientific Research of the Ministry of Education, Science and
Culture since 1980, a research group named Thorium Fuel Study
Group was organized and extensive studies have been performed by
large nuﬁber of group mémbers. They held a Japan-U. $. Seminar

on Thorium Fuel Reéctors in October in 1982, and the proceeding

1)

of this seminar and the mid-term report of the projECtz) were

published by the group. The final reports will be published soon.

In parallel with research works on fuel and structural material,
reprccessing and radiocactive waste management and biological effect
to the human being, active works on nuclear data for thorium fuel
cycle and on reactor physics of thorium fuel reactors have been
carried out. Main subjects concerning the nuclear data are : (1)
Fast neutron cross sections (fission, inelastic scattering, '
threshold reactions etc.}), (2} Resonance parameters, resonance
integfal and resonance self shielding, (3) Fission and decay heat,
(4) Integral test by neutron speétrum measurement, and (5) Compila-
tion and evaluation of related nuclear data. Most of the main
nuclear data were presented at the International conference on
Nuclear Data for Basic and Applied Science, Santa Fe, in May,
19853). Recently, an experimental study of self-~shielding factor
in unresolved rescnance energy region for %!Ta, 23°%y and 232%Th

has been started using the standard time-ocf-flight method at the
electron linac facility of Research Reactor Institute, Kyoto

University. A set of transmission and self-indication ratios
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obtained for several transmission sample thicknesses gives a self-
shielding factor for an arbitrary dilution cross section. Measur~
ed self-shielding factors are compared with calculations where

average resonance parameters are guoted from JENDL-2 and ENDF—B=1V4).

In order to investigate the reactor physics of thorium fuel reac-
tors, metallic thorium plates have been loaded in Kyoto University
Critical Aésemblies, KUCA and in Kinki University Reactor, UTR-
KINKI. In the first stage of the KUCA experiments, every assembly
consisted of a central test section surrounded by driver and
reflector regionss). The composition of the test section was
combination of graphite and metallic thorium plates. After
completion of this stage, started was a mixed core series6), in
which each core consists of fuel elements with 93% enriched
uranium aluminum alloy plates, metallic thorium plates ({(natural
uranium plates for comparison) and polyethylene plates surrounded
by a polyethylene reflector. ., Experimental results, not only
critical mass but also other important data such as control rod
worth, neutron flux distribution, capture and fission distribu-
tions, lattice parameters, have been compared with the calculated
values which are mainly obtained using the SRAC code system. They
have been trying tc measure neutron spectra in those cores with
recoil proton proporticnal counters and by the time-of-flight
method. Smaller assemblies composed of metallic thorium plates
and graphite have been loaded into the central vertical stringer
in the internal graphite reflector between the two divided cores
of UTRwKINKIT).

and calculated results. For the study on reactor physics of molten

Good agreement is seen between the experimental

salt reactors, reactivity worths for 2%°U, Be, LiF and teflon

8)

(CFB)n have been measured with KUCA recently Experimental

results reasonably agree with the predicted values.

Neutronic properties of spectral shift light water reactors with
thorium fuel were investigatedg). A comparison of a thorium fueled
pressurized water reactor PWR with urnaium fueled one shows that
the thorium fuel is useful for achieving both high discharge burn

up and high conversion ratio. Sensitivity analysis of a spectral
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shift PWR core has been made to find that the resonance capture

cross section for Th-232 and fission cross sections for U-233 and
U-235 are important to improve the accuracy.

New method was developed to solve neutron and nuclides density

distributions at the equilibrium cycle of pebble bed reactors,

and implemented in a new computer code PREC

10)
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THERMAL- REACTOR PHYSICS

Continuous efforts have been made for performing feasibility
studies on HCIWRs at JAERI, PWR and BWR fabricators and several

universities.

The Phase-1 physics experiment on HCLWR core has been carried out
from May 1986 to May 1987 at Fast Critical Assembly (FCA), JAERI.
Measurements were made for criticalities for the FCA-HCLWR cores,
infinite multiplication factors of the test zone cells which
simulate the HCLWR core spectra, reaction rate ratics as spectrum
indices, and reactivity worths of absorber materials such as horon
carbide with different B-10 contents and Hafnium. Analyses for
criticality and infinite multiplication factor were made with use
of the SRAC code system, and the consistent C/E values were obtain-
ed through the Phase-1 experiment. The detailed analyses with

respect to other measured items are in progress.

The first core of the Phase-2 experiment using plutonium fuels
went on critical at the end of May, 1987. In the Phase-2 experi-
ment particular emphasis is put on the measurement of conversion

ratio, moderator void worth and plutonium isotopic effect.

In the analytical study at JAERI, a new group constant library

was produced for use in the SRAC code system on the basis of the
JENDL-2 and has been used in the following studies: The self-
shielding effect of 2.67eV resonance of Pu-242 was investigated

in connecticn with HCLWR neutronic characteristics. A new fission
product chain model with 65 explicit nuclides and one pseude nu-
clide was established for HCLWR burnup analysis. On the other
hand, evaluation works have been made for nuclear characteristics
of the HCLWR cores of vm/Vf = 0.75 and 0.81. Moreover, accuracy
of conventional methods calculating control rod worth has been
also evaluated in complicated HCLWR fuel assemblies. At LWR fab-
ricators, detailed conceptual design study has been concudcted for
HCPWRs with looser pitch lattice (MITSUBISHI), while an interest-
ing design concept was proposed for HCBWR (HITACHI).
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At LWR fabricators, detailed conceptual design study has been
concudcted for HCPWRs with looser pitch lattice {(MITSUBISHI),

while an interesting design concept was proposed for HCBWR
(EITACHI) .

In order to obtain the basic reactor data of HCIWR, a small core
with harder neutron spectrum was constructed at KUCA (Kyoto
University Critical Assembly) using lower effective enriched
uranium fuel., Analyses using the SRAC code system well predicted
the measured quantities such as criticality, reaction rate distri-
bution on gold wire, and Cd ratio. Here, a special attention was

paid to calculate the transport corss section of reflector, due
to smallness of the core.

In order to verify the nuclear design accuracy related to high
temperature gas cooled reactor, various experiments have been
conducted using VHTRC (Very High Temperature.Reactor Critical
Assembly). In this period, two kinds of core were constructed,
that is, VHTRC-1 and VHTRC-3 cores which were loaded mainlf with
4% and 6% enriched uranium coated particle fuels, respectively.
The following parameters were measured: (1) Critical mass,

(2) Temperature coefficient of reactivity, (3) Neutron flux
distribution, (4) Reactivity worth of burnable poison rod. ~The
predicted values by the SRAC code system agreed well with the
experimental results. A detailed analysis has been made for
the Doppler effect of coated particle fuel rod previously
measured in SHE-14 (Semi-Homogeneous Experiment) using a sample

heating device. The analysis using the SRAC code system again
well predictedl).

For the investigation of the nuclear characteristics of the
demonstration power plant of Advanced Thermal Reactor (ATR),
studies of reactor physics parameters have been continued by
using both uranium and plutonium oxide fuel (MOX) in Deuterium
Critical Assembly (DCA). Recent measurements have been made by’
using the 36 rod fuel cluster which is the same size as that of
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the ATR demonstration power plant. The measurement items are:

(1) lattice parameters such as &%°, p?®, §2%, §3% and 69,

(2} coolant loss reactivities and (3) microscopic and macroscopic
power distributions. Comparing the experiment and the calcula-
tion, prediction accuracies on these core parameters for the ATR

demonstration power plant are examined and discussed.

Reference:
1} Yasuda H., et al.: J. Nucl. Sci. Technol., 24, 431 (1987).

FUSION NEUTRONICS

Analyses were contirued for the previously reported experimental
program at the Oktavian facility by the joint University faculties
on a lithium metal sphere of 120 cm diameter, with and without a
lead neutron multiplier layer inside it. Tritium breeding ratios
tended to be overestimated bj.calculations, and the deviation 1is
larger for the assembly with lead multiplier.

As a new method, total tritium production from °Li in the experi-
mental system was estimated based on the neutron balance using the
measured results of neutron multiplication and neutron leakage
spectrum. The result also gave an overestimation of the calculat-
ed value.

An addition of 20 c¢m thick graphite layer outside the Li sphere
was evaluated as a future plan to achieve a tritium breeding ratio

greater than unity.

The results of the Phase I experiment of the JAERI-USDOE collabo-
rative program using FNS facility at JAERI have been summarized in
" a joint report that will come out soon. In general, both deter-
ministic and Monte Carlo calculations gave larger values than the
measured values of tritium production rates (1.05 - 1.15). Devia-
tions were even larger in breeder front face and arocund berrylium
neutron multiplier zone. It was also pointed out that cross
section of "Li{n,n'a)®T reaction should be examined.

A new series of integral experiments has started from August, 1986



at FNS as the Phase II of the collaborative program. A "closed
geometry" system was adopted, i.e., the neutron source and the
test blanket region were enclosed by a neutron reflecting zone in
order to give a better simulation of the reactor neutron spectrum.
The effect of Be neutron multiplier has been examined by compar-—
ing the tritium production distributions in the three different
compositions for the test region.

Fast neutron angular fluxes from berrylium slabs were measured in
the energy range from 50 kev to 15 MeV at FNS. Calculations with
three different nuclear data files showed deviations ranging 20 -
30 % from the measured results in different manners.

Streaming experiments in various configurations have been conduct-
" ed both at universities and JAERI.

SHIELDING

A Monte Carlo code, MORSE-CV, for calculating the covariance of
the scalar neutron spectrum has been develOPEdl): The calculat-
ed value from the spectrum agreed well with the directly calculat?
ed one; The standard deviation also agreed well each bther when

the spectral correlation between different energies was treated
correctly.

The efficient alhedo Monte Carloc method (AMC) has been evaluated
by analysing two types of experiments on heutron streamingz):
Through the analyses of neutron streaming experiments, the calcu-
lated results agreed with the measured data within a factor of 2
for a benchmark experiment at the YAYOI reactor and within a

factor of 3 for a SNR sodium duct mockup experiment.

A Sn-albedo Monte Carlo-albedo Monte Carlo (Sn-AMC-AMC) coupling
technique has been developedB) and then implemented in the AMC
code system MORSE-ALB to make an effective and accurate shielding
calculation for large and complex geometry: Application of the
present method was studied by analysing the neutron streaming
experiment in the JOYO; It was shown that the Sn-AMC-AMC coupling
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calculation can reproduce the measured data within the accuracy

of one order of magnitude.

In JAERI the decommissioning program of the JPDR (small BWR) has
been undertaken sirnce 19814). In order to estimate accurately
the radicactive inventories containing in power reactors at
dismantling, a code system DOIC has been developed and verified
by analysing the measured radiocactivitieis in the reactor vessel,
internals, and bioshield of the JPDR. The DQIC system consists
of the AMPEX-II, ANISN, DOT3.5, GRAY {modified PALLAS)}, DCAHINMD

{neutron activation calculation) and QAD-CG.

A review meeting for the Jjoint U.S./Japan Program for Experimental
Shieldiné Research (JASPER) was held at ORNL on April 19875). The
penetration experiments, the first item of the series of JASPER
experiment, were aralysed in Japan using the standard transport
codes ANISN and DOT3.5. Two cross section sets were used in the
analyses, i.e., JSC100 and JSpJ2, which had been generated from
the ENDF/B-IV and JENDL-2 libraries, respectively. Through all
the cases the C/E values spanned between 1.5 and 0.7 for JSD100
and between 1.2 and 0.6 for JSDJ2. Both the U.S. and Japan anal-
yses indicate similar trends of decreasing C/E values for increas-
ing sodium thickness. More analyses would be needed to resolve
the discrepancies. Transverse leakage effects in the square slab
mockups were identified as a possible cause of the discrepancies

and should be investigated in future analyses.

It was shown that the presented geometric-pogression {GP) method
can represent accurately the buildup factor as a function of
distance6): Exposure buildup factors for pcint isotropic sources
in an infinite medium approximated by the GP fitting parameters
are in good agreement with the basic data calculated by the PALLAS
code for boron for low energies and for lead considering the
bremsstrahlung and fluorescence; The GP parameters were ascertain-

ed to be useful for interpolating the buildup factors.
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A design philosophy on radiation shields of the fusion experimen-
ral reactor {(FER) was proposed7). Geometrical models and calcula-
tional parameters were studied to establish a standard design
calculational method and to evaluate its accuracy. Then irradia-
tion property of the in-vessel components and bulk shielding pro-

perty were summarised for future design work in a useful form.

References:

1) Sekimoto H.: Nucl. Sci. Eng., 94, 277 (1986).

2) Kawai M., et al.: J. Nucl. Sci. Technol., 23, 937 (1986).

3) Hayashida Y., et al.: J. Nucl. Sci. Technol., 24, 89 (1987).
4) Sasamoto N., et al.: "Radioactive Inventory Calculation for

‘ JPDR to be‘bismantled", in Chap. 5 of Reactor Engineering

Department Annual Report (Apr. 1, 1986 - Mar. 31, 1987),
(to be published).

5) Shirakata K.: Private Communication.

6} Harima Y.: Nucl. Sci. Eng., %4, 24 {(1986}.

7) Moxi S., et al.: "Shield Design of Fusion Experimental
Reactor (FER} (Calculation Methods and Shielding Properties}”,
JAERI-M 87~83 (1987) (In Japanese).

CRITICALITY SAFETY

A kind of neutron noise technique proposed by Mihalczo was examin-
ed in TCA for a well-moderated cylindrical core. The method was
successfully applied to determine the subcriticality up to 15

dollars utilizing a fission chamber containing 2°2Cf of 0.2 mCi
inserted into the core centerl)

Excitation of surface waves in a tank containing a fluid is called
as "soloshing" in the area of earthquake engineering. The reac-
tivity effects with sloshing of solution fuel were also measured
in TCA for mock-up cores. A safety limit required to maintain the

reactivity in negative range was proposed through the experimental

studyz).
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For the purpose to evaluate criticality accidents at fissile
solution systems, a kinetic code AGNES (Accidentally Generated
Nuclear Excurtion Simulation Code) has been developed3), The code
treats the reactivity feedback with radiclytic gas void formation
by so-called "pressure model" which was proposed through the KEWB
prégram conducted in U.S.A.. The calculational results using
AGNES for some benchmark problems showed a fairly good agreement

with the experimental ones.

In the framework of NUCEF (Nuclear Fuel Cycle Safety Engineering
Research Facility) program, two kinds of solution fuel critical
facilities, STACY (Static Experimental Critical Facility) and
TRACY (Transient Experimental Critical Facility), are being de-
signed4). The principal objective of STACY is accumulation of
basic criticality data, and that of TRACY is to study on critical
accldents, which are reguired for criticality safety evaluation
in nuclear fuel cycle facilities. The government safety review

of the basic designs will be finished during 1987.
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Fast Reactor Physics

1. Improvements of Core Analysis Methods

1.1 Two—diT?nsional (2-D) Modelling for Plate Cell Calcu-

lation

The cell-averaged cross sections and diffusion coeffici-
ents for plate lattice cell fast critical assembles were
calculated using the 2-D cell model by the CASUP code. The
method was applied to criticality calculations of the Zebra
CADENZA cores. When using the conventional 1-D model, the C/E
values for the pin cores were larger by 0.3-0.5 7Zak/k, compared
with the plate cores, depending on the 1-D cell homogenization
models. However, by using the 2-D model for the plate cores,
the difference between the pin and plate cores was reduced to
about 0.2 7ak/k. This is because the intra-flux effect on the
plate core criticality was evaluated by the Z2-D model

calculation to be somewhat positive, compared with the 1-D
model calculation.

1.2 Selgjshielding Effect on Criticality of Plate Cell Assem-
bly

For the preparation of cell calculation of plate cell, the
Tone's method was applied to calculate the background cross
sections of each plate in the cell, and then to derive the
self-shielding factor of each plate. These self-shielding
factors were used to obtain the cross sections of each plate,
instead of the Dancoff factors. The Dancoff factor method
overestimates the self-shielding, and hence underestimate the
cross section of the plate.

The two methods were applied to the criticality calcu-
lations of the ZPPR-9, -10A, -10D and -13A cores. The k-eff
values for these cores calculated by the Tone's method were
lower by 0.14-0.16 Zak/k, compared with the values calculated
by the Dancoff factor method. The difference is quantitatively

significant for the analysis of criticality, and should be
considered and corrected.

1.3 Streaming %gfect of Double Heterogeneous Structure of

Subassembly

The neutron streaming in a typical prototype fast reactor
caused by the double heterogeneous structure of subassembly has
been estimated by means of multi-group (70 group) calculatioms.
The sum of the streaming effect caused by the pin cell struc-
ture and the streaming effect caused by the wrapper tube
structure was evaluated to be -0.13 Zak/k. On the other hand,
the streaming effect caused by the heterogeneity of the wrapper
tube and inter-assembly sodium was evaluated to be -0.07 7a
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k/k. Then, the total streaming effect becomes (-0.13)+(-0.07)
= -0.20 Zak/k, which is almost twice of the streaming effect of
-0.09 7Ak/k obtained by the conventional pin cell structure.
This magnitude of streaming effect of -0.20 7 ak/k 1is
significant, compared with the double heterogeneity effect of
0.5 7ZAak/k caused only by the resonance self-shielding and
intracell flux distribution. The total heterogeneity with the
streaming effect is reduced from 0.5 Zak/k to 0.3 Zak/k.

1.4 Three-dimensional Transport Correctiona)

A three-dimensional transport code TRITAC for solving
eigenvalue problems in reactor cores has been developed on the
basis of discrete ordinates method with the diffusion synthetic
acceleration (DSA) technique. The Larsen's procedure for the
diffusion synthetic acceleration method has been extended to
three-dimensional geometry.

Three-dimensional (3-D} transport corrections for k-eff,
control rod worths, neutron specira and power distribution are
calculated £for the fast critical assemblies ZPPR-9, -10 and
-13. The calculations are performed in /7 energy groups using
the 3-D and 2-D transport codes TRITAC and TWOTRAN-II. The
evaluated 3-D transport corrections are compared with those
predicted by a 2-D RZ model and a combined XY, RZ and R model
to assess the accuracy of these 2-D models. The RZ model
yielded some errors in estimating the transport corrections to
k-eff, control rod worths, neutron spectrum and power distribu-
tion, while the combined model predicted them with good accu-
racy.

1.5 Three Dimens&Pnal Transport and Diffusion Codes Based on

Nodal Method

A three-dimensional transport/diffusion code TRITON has
been developed by Osaka University. The TRITON code has been
applied to transport and diffusion calculations in a simple 3-D
(XYZ) fast reactor core model. The calculations were performed
in 4 energy groups. k-eff wvalues and computing times were
compared between TRITON and CITATION/TRITAC. In case of the
nodal diffusion <calculation, the k-eff was estimated as
accurate as that by the finite diffusion calculation, and the
computing time was reduced by a factor of 10. In case of the
nodal transport calculation, the k-eff was improved greatly
over the discrete ordinates calculation using the same number
of mesh points, and the computing time was reduced by a factor
of 5,

1.6 Improved Coarse Mesh Method6)

For an efficient computation of performance parameters of
a large £fast reactor, HICOM has been developed. This code
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utilizes an improved coarse mesh method to reduce required core
memory and computing time, and an efficient algorithm is used
in solving the diffusion equation, which is suited for vector
processing computers. This code can be applied to 4 fuel
exchange program and a control rod program.

1.7 New Treatment of)Sodium Void Effect in Fast Reactor

Transient Study

A new treatment of sodium void coefficient in the fast
reactor transient analysis is proposed. The method is based on
the multigroup exact perturbation theory and utilizes the void
reactivity map constructed by the multigroup first order
perturbation theory. The change in the spatial distribution of
neutron flux is corrected by the flux ratio of the fluxes in
the transient and the steady states calculated with few-energy
groups. The void reactivities for a homogeneous and a heter-
ogeneous reactor are calculated by the new method with 4 and 6
energy groups and are compared with standard values obtained by
the 25 group exact perturbation calculation. It is demon-
strated that the new method gives almost the same values as the
standard values while the ordinary calculation with 4 and 6
groups gives -considerable deviation from the standard calcu-
lation. The present method has been incorporated to the
two-dimensional quasistatic transient analysis code QUASAR and
the code has been applied to an analysis of a control rod
withdrawal accident.

2. Critical Experimentsa)’ ?)

The JUPITER-III program, the joint physics large FBR core
critical experiments program between the U.S. DOE and PNC,
Japan, using the ZPPR facility at ANL-Idaho, started on January
1987, and will continue for one year. The experimental program
consists of two different series of experiments. The ZPPR-17
series are 650 MWe-size benchmark cores of axially heterogene-
ous core concept, including a clean benchmark core, an engi-
neering benchmark core with 25 control rod channels and a
beginning-of-life core with 13 half-inserted control rods. The
ZPPR-18 series are 1000 MWe-size two-zone homogeneous cores,
including an engineering benchmark core with 24 control rod
channels, a beginning-of-life core with 18 half-inserted
control rods and 1its one-rod-stuck phase core with 17 half-
inserted contrel rods.
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3. Advanced Core Design Studies

3.1 Axial Heterogeneous Coreg)

The axial heterogeneous core (AHC) concept was selected as
a reference core of the cost reduction design study of the
Japan Atomic Power Company (JAPC) on the pool type
Demonstration FBR, Design studies were performed to optimize
the 1000 MWe AHC configuration with a view of obtaining more
compact core systems, longer fuel lifetimes and better safety

characteristics, In the present core design studies, a
disk-shape internal blanket is located at the mid-plane of the
core, or at the lower part of the core. The purpose of the

latter asym- metric arrangement of the internmal blanket is to
make the power distribution flat throughout the whole burn-up

cycle, even when the control rods are partially inserted from
~ the top of the core.

3.2 High Burn-up Corelo)

High burn-up potential of various core concepts has been
studied from the viewpoint of fuel cycle cost reduction and
reactor availability factor improvement. In order to achieve a
high burn-up core of 150-200 MWd/kg, it is necessary to develop
long 1life fuels with low-swelling and high creep-strength
materials. However from the viewpoint the core design tech-
nolegy, following items are important to moderate the require-
ments for those material properties and to attain the long
cycle length: reduction of ratio of peek neutron fluence to
discharge burn-up, reduction of burn-up reactivity and reduc-
tion of assembly power decrease due to burn-up.

The Super Long Life Core (SLLC) or Ultra Long Life Core
(ULLC) concept has been evolved as one of the targets of the
innovative approaches for FBR cost reduction. A neutronic
feasibility study was done for the SLLC concept, where core
life time was extended up to the plant life of about 30 years,
by applying the radially and axially multi-zoned core concept
with mixed oxide fuels. The study shows that to achieve small
enough burn-up reactivity swing makes the core volume enlarged
to about three times as large as that of the conventional
design.

3.3 Metal, Carbide and Nitride Fuelled Coresll)’ 12)
Feasibility studies were started for the advanced fuel
loaded FBR cores, i.e., metal, carbide and nitride fuelled
cores. It is commonly understand that the metal fuelled core
has a potential of high breeding and inherent safety character-
istics. The nuclear and safety characteristics of a large
metallic fuel core have been evaluated in comparison with the
mixed oxide core. Preliminary safety calculations indicate
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that higher thermal conductivity of metal fuel enhances the
inherent safety of the reactor with respect to loss of flow
without scram and loss of heat sink without scram. Design and
safety evaluation will be continued for the metal fuelled core.
~ Carbide and nitride fuels have also potentials to be used
in future FBR cores. High thermal conductivity and high
content of heavy metal of these fuels yield high linear heat
rate and high breeding ratio. Nuclear and safety character-
istics of carbide and nitride fuels, as well as fuel cycle and
economic implications, have been evaluated, and will be com-
pared with those of oxide and metallic fuels. '
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National Programs

JOYO

_ Following the 1llth duty cycle operation, the 12th duty
"~ cycle operation started on September 1985. At the end of the
12th duty cycle operation, the natural circulation test from
the 1007 reactor power of 100MWt was conducted, where the
sufficient residual heat removal capability by the natural
circulation was confirmed. At the same time, it 1s also
confirmed that the predicted changes in the temperature of
coolant sodium show fairly good agreement with experimental
ones, thus, the wvalidation of the analysis method on the
thermohydraulic behavior of the reactor plant at the natural
circulation condition is established.

A special test cycle operation, called the 12'th cycle
operation, was conducted after the 12th duty cycle operation,
starting on November 1986. At the 12'th cycle operation, two
tests concerning the fuel behavior and the feedback reactivity
were conducted. The aim of the former test is to clarify the
behavior of the {resh fuel pellet of which specification 1is
almost the same as the one of prototype fast breeder reactor
MONJU, at the reactor operation with rather rapid power ascent.
In the latter test, the reactor was operated with various power
levels and flow rates of coolant different from rated ones to
separate each effect which contributes the feedback reactivity
at power change.

Following the 12'th cycle operation, the 6th periodical
- inspection of the reactor was started on December 1986, and is
now in progress. The reactor will commence the 13th duty cycle
operation in the beginning of September of this year. From the
13th duty cycle operation, both the period of a duty cycle
operation and the maximum burn-up of the driver fuels, of which
maximum are jncreased in new license from 45 days to 70 days
and from 50,000MWd/t to 75,000MWd/t, respectively, will be
gradually extended using modified driver fuels, named J2 fuel.

MONJU

The construction work of the MONJU plant, a 280 MWe
loop-type FBR plant, has been making steady progress since its
commencement on October 1985. The erection of the containment
vessel was begun in July 1986 and completed in February 1987,
Pressure and leak tests were completed in April 1987. Five
sodium tanks for the secondary loop and two sodium tanks for
the ex-vessel fuel storage were installed in November/December
1986. The construction work is now more than 30 percent
complete.
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Besides construction work, development of a code system
supporting reactor core operations and the management of MONJU
was performed. This code system is made up of the following
three parts: (1) engineering data base, (2) calculation
modules, (3) system access software. The main parts of the
calculation modules were completed and are now available for

3D-diffusion burn-up calculations and thermo~hydraulic calcula-
tions.,

Demonstratidn Fast Breeder Reactor (DFBR)

The Japan Atomic Power Company (JAPC) has carried out the
cost reduction design study both on loop and pool type DFBR
sponsored by ten private electric power companies. In view of

making the commercial FBR compete with LWR, JAPC also carried
- out investigations of inovative technologies and evaluation of
cost reduction effect. |

Power Reactor and Nuclear Fuel Development Corporation
(PNC) is playing a role of consultation and giving suggestions
to JAPC's design studies, especially in the areas of core,
shielding, fuel, high temperature structural components and
safety. PNC also started the design evaluation study of the
key technologies for large scale FBR, including core parameter
survey. ' '

The studies for the breakthrough to the commercialized FBR
were started. High burn-up cores were studied from the view-
point of their feasibility. In this study core characteristics

such as burn-up reactivity swing, power distribution, and peak

fast fluence at the burn-up of 150,000MWd/t to 200,000MWd/t
were evaluated for three type cores, which are homogenious
core, axially heterogenious core, and plutonium assymmetric
parfait core.

As for the inherent safety core design, metal fueled
1,000MWe homogenious core was studied in comparison with oxide
fueled core by JAPC. CRIEPI also has been studying the metal
fueled core.

JAPC, PNC, Japan Atomic Energy Research Institute (JAERI),
and Central Research Institute of Electric Power Industries
(CRIEPI) have organized Steering Committee on FBR R&D in order
to coordinate effective allocation of FBR R&D works implemented
by each organization and related international cooperation
under nationally authorized FBR development strategy. Steering
Committee has been discussing the DFBR project plan and the
commercialization strategy in about 1990, JAPC is performing
concept evaluation and design for DFBR and the commercial FBR.
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FUGEN

The 6th annual inspection and the 10th refuelling were
carried out from January to April 1987. At the 10th refuel-
ling, 18 UO, and 1& MOX fuel assemblies including 2 demonst-
ration MOX f%el assemblies were charged. At present, FUGEN has
continued stable full power operation. The demonstration fuel
assembly consists of 36 fuel pins, while the standard fuel
assembly for FUGEN consists of 28 fuel pins, and is irradiated
in FUGEN in order to develop the high performance fuel.

Up to date, 235 UO, and 216 MOX fuel assemblies have been
discharged for refuelling. The maximum burn-up is 19,200MWd/t
for U0, fuel and 18,500MWd/t for MOX fuel, and no leaking fuel
has been found more than 1,880 effective full power days of
operation up to May 1987. '

ATR Demonstration Plant

The construction program of the ATR Demonstration Plant
has started with the decision given by Japan AEC in 1982 that
EPDC (Electric Power Development Company) be responsible, in a
close cooperation with the government, electric utilities and
PNC, for the construction and operation of the plant.

The ATR is a heavy water moderated boiling water cooled
pressure type reactor originally designed by PNC. EPDC took
over information/results of ATR design development from PNC,
and started the conceptual design work including design ratio-
nalization. The capacity of the plant was fixed to be 606MWe.
At present EPDC is preparing for the application for the
construction permit.

The environmental survey is almost completed, which was
carried out at the expected construction site in Ohma-machi,
Shimokita-gun, Aomori-ken. The results are being prepared for
the environmental examination by the national authorities.

According to the current schedule of the project, the
construction is expected to start in 1991, and the commercial
operation in 1997.
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NETHERLANDS

Report on the Reactor Physicg Activities in the Netherlands
in the period September 1986 - August 1987

compiled by H. van Dam {IRI, TU Delft)

1. Reactor physics activities at the Netherlands energy research founda-
tion ECN, Petten (J. Slobben)

The reactor physics activities performed at ECN were mainly in the fol-

lowing fields:

1. Evaluation, development of methods, calculation and testing of
neutron crosi-sections, especially for fission products, for fusion
reactor materials and for use in calculations for the High Flux
Reactor {HFR) at Petten.

2. Neutron spectrum calculations for certain irradiation positions in
the HFR.

3. Neutronics calculations for the shielding blankets of NET and JET.

4. Development of methods and systems for noise measurement and
analysis.

5. A continuous activity in the field of neutron metrology.

6. Shielding calculations for the project of storage and disposal of
high level waste in a salt dome.

1.1. Fission product nuclear data (H. Gruppelaar)

The nuclear-data activities in 1986/1987 were directed towards the
forthcoming second version of the Joint Evaluated File (JEF-2). Some new
evaluations have beeh made for Ru-101 [1], I-129 [2] and Ru-102 (to be
reported). 1In additioﬁ an effort was made - in coopération with the NEA
Data Bank - to update the thermal cross-sections, resonance integrals

and the cross-sections in the resolved-rescnance range. This range was
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in may cases extended towards higher enevgies. The results will be in-
cluded in JEF-2,

In . the MeV range some work has been performed to improve the inelastic
scattering cross-sections by studying the effect of direct components
obtained from DWBA or coupled-channels calculations [3,4]. It appears
that the inelastic scattering cross-secticons at low incident energies
are systematically underpredicted in the current evaluations due to the
neglect of direct components. Corrections are needed in particular for

the even-mass isotopes of Ru, Pd, Nd and Snm.

With respect to the lumped fission product cross-sections the radiative
capture cross—section is relatively well-known. Therefore it is impor-
tant to study other sources of errors in the calculated reactivity
effect of fission products in fast power reactors at the end of cycle.
Possible error sources are the neglect of direct effects in inelastic
neutron scattering cross-sections (see above) and the leakage of gaseous
products or the migration of wvolatile products out of the core of a fast
reactor. The last-mentioned problems have been studied in cooperation
with CEA-Cadarache [5]. Recently, attempts have been made to develop a
simple model to describe these effects, using phenomenclogical
parameters which have bezen fitted to experimental resuits obtained in

the French PHENIX reactor.
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1.2. Activation file for fusion reactors (H. Gruppelaar)

Under contract with JRC-Ispra the US activation and transmutation file
REAC[1] has been updated. The new file is called REAC-ECN and contains
all stable {non-fissile) nuclides and nuclides with a half-life greater
than 1 day [2]. Recently, additional work has been performed to further
update the data file by introducing new systematics of cross-sections
f3] and isomer ratios [4#]. The second version of the REAC-ECN file wil
contain better evaluations of cross-sections of activation reactions

producing long-lived nuclides or isomers. This work is in good progress.
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1.3. European Fusion file (EFF) (H. Gruppelaar)

The aim of this project is to achieve an evaluated nuclear data file for
neutronics calculations for blanket and shielding engineering. The

project is part of the European Fusion Technology Programme of the
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European Community, to which several laboratories contribute. The file

management and maintenance is performed at ECN-Petten.

A first wversion of the file (EFF-1) has been distributed in March 1986
to European laboratories. Status reports are given in Refs. [1-3]. The
main contribution of ECN-Petten consists of a revision of the lead

double-differential cross-sections [3] in the new MF6 format of ENDF-VI.

The calculation of multi-group cross-sections and transfer matrices was
organised. Several FEuropean groups have made contributions. The ECN-
Petten contribution consists of processed l=2ad data using a recently
developed code that treats double-differentisl cross sections in the
above-mentioned new format [4]. This code and a preliminary version of
the multi-group constants library GEFF-1 has been distributed to

European laboratories.

Recently, the requirements for EFF-2 have been defined, see also Ref.
[3]. At ECN-Petten some work on the re-evalustion of nuclear data for
the Ni-isotcopes was initiated; Furthermore, a first wversion of a

.separate activation file {EAF) has been made.
An essential part of the new evaluations is based upon calculations with
nuclear-model codes. Some contributions to pre—equilibrium nuclear-model
theory and codes are listed in Refs. [6-16].
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1.4. Neutronics calculations for the neutron diagnostics at JET

(K.A. Verschuur)

During a stay of nine months at JET the neutronic program system FURNACE
[1] was installed on the IBM/CRAY-XMP at Harwell. The geometry options
of the system were extended to enable separate modelling of the
coil/structure assembly and the vacuum vessel respectively. Apart from
double-differential albedo’s now double~differentia} transmission coef-
ficients are required as well. Subroutines have been introduced to
calculate scalar flux spectra at arbitrary positions in the vacuum
"regions, and to calculate angular flux spectra for arbitrary angular and
spatial coordinates. A first series of calculations was performed to
obtain information on the back scattered nesutron flux which has to be
expectéd for the mneutron profile monitor system [2]. This system con-
sists of a horizontal and a vertical set of neutron spectrometers that
view the plasma through an array of collimators (KN3). The responses of
these detectors have to be corrected for the contribution of the back
scattered neutron fluxes. The calculations for d-d cperation show that
with an energy thresnold of 2 MeV the contribution of the back scattered
neutrons to the detector responses is maximally 3.5% of the highest
rsponse (i.e. of the channel that looks through the hottest part of the
plasma). The calculations also show that the back scattered flux is

rather flat, i.e. that it has about the same value for each channel,
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Further it was shown that the 14 MeV neutrons from the secondary t-d
reaction can be measured with a back scatter contribution of about 3.5%
at a threshold setting at 3 MeV, which is rather fortunately.

Calculations were also started for the foil activation disgnostic system

{(KN2). However, due to some calculational problems results are not yet
available.

[1] K.A. Verschuur, FURNACE, a toroidal geometry neutronic program sys-
tem, method description and users manual, ECN-162, December 198&.

[2] J.M. Adams et al., First measurements‘of neutron emission profiles
at JET, paper presented at the 14th EPS conference on controlled
nuclear fusion and plasma physics, Madrid, 22-26 June 1987.

1.5. Experience with on-line power reactor noise monitoring system for

Borssele Power Reactor (E. Tirkcan)

Power operations of the cycles thirteen and fourteen of the Borssele
Nuclear Power Plant (PWR - 450 MWe, 2 loop-system built by KWU) have
been followed continucusly by an on-line noise monitoring systeﬁ [1].

In the course of the plant operation the following topics have been

studied: .

- in-situ test of the thermocouples {core inlet, core ocutlet and core
exit), neutron detectors and pressure sensors using the inherent noise
of the plant;

- detection of the short term trends {e.g. during start-up and shutdown)
and long-term trends in the physical parameters depending on burn-up,
etc.;

- monitoring of core support barrel (CSB) motion (amplitude, in order of
5-10 pm, and direction) and reactivity changes;

- monitoring of the secondary system with regard to steam pressure,
steam flow (e.g. damping coefficient end frequency), turbine and gen-
erator output. ;

On-line monitoring and surveillance methods have been improved con-
tinuously [2]. The next attempt will be to get the experience of the
reactor operating staff from such a system and to improve "dialogue"

between reactor operator and monitoring system for easy communication or
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changing set-ups, e.g. type of analysia, cycle time for the surveillance

period etc.

[1] E. Turkcan, Nuclear Europe, Journal of ENS no.6, June 1986,

[2] K. Hayashi, Y. Shinchara, E. Ttrkcan, A method of non-stationary
noise analysis wusing instantaneous AR spectrum and its application
to Borssele reactor noise Analysis. To be published, SMORN-V, Munich
October 1987. |

1.6. Application of Noise Analysis to the study of the Thermal and

Mechanical Behaviour of a fuel pin during irradiation (E. Turkcan)

The measurement of the time constantis prdvided a better insight in the
thermal characteristics of the fuel pin under power load change
operation. The noise measurements have been applied to the HFR-TOP fuel
pins with UO2 pellets with initial cold gap size 35-120 pm. From ex-
perimental observation the heat trangfer characteristics are cetermined
using the transfer function between heat source and temperature fluctua-
tions either in the fuel or in the coolant. For the interpretation of
the results two-dimensional time-dependent calculations of the fesponse

time have been performed and compared with experimental results [1].

Developed methods and the software for numerical celculations have been
applied to LMFBR mock-up fuels such as (UPu)02 {KAXADU)}, {UPu)N (NILOC),
irradiated in the HFR at Petten [2].

{1] E. Turkcan, J.E. de Vries, Application of Noise Analysis in Fuel-Pin
Research, ECN-19%, January 1987.

[2] E. Tturkcan, G. Tsotridis, K. Moss, Noise Analysis for Thermal
Studies of LMFBR fuel pins. to be published, SMORN-V, Munich,
October 1987.
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1.7. Neutron metrology (H.J. Nolthenius}

Attention has been given to the evaluation of participants results of
the REAL8Y4 exercise. The REAL-84 was a follow-up of the REAL-80 exercise
[1] and has been organized by the Nuclear Data Section of the
International Atomic Energy Agency. The aim of the exercise was to im-
prove the assessment of accuracies in the prediction of radiatibn damgge
parameters by various lsboratories using good quality input data and
proper calculation methods. 7The emphasis was put oh radiation damage
parameters for reactor pressure vessels and related nuclear technology.
Therefore the ubper limit of the neutron energy range of interest was 20
MeV.

The long term objectivé of the exercise is to strive towards the estab-
lishment of standardized metrology procedures and recommended nuclear
data for use in neutron spectrum adjustment and damage parameter
calculationg. The short term objective of the improvement of information
on the neutron spectrum adjustment technique and its nuclear data needs.
The scope of the exercise and the input data sets have been described in

information sheets [2] and [3]. In September 1986 calculation results

were available from 10 different laboratories. The evaluation results

were presented in a series of progress reports (with restricted
distribution). An IAEA consultant meeting on the assessment of the
results of the exercise was held in Budapest [4].

[1] w.L. Zijp, et al. 'Final report on the REAL-80 exercise', Report

INDC(NED)-7; BME~TR-TES-6182; ECN-128 (Netherlands Energy Research
Foundation ECN. Petten, February 1983).

[2] W.L. Zijp.' E.M.' Zsolnay, D.E. Cullen, Information sheet for the
REAL-84 exercise" Report INDC(NDS)-166 (IAEA, Vienna, March 1,
1985).

[3] E.J. Szondi, H.J. Nolthenius, Additional data and information for
the REAL-84 exercise, Report INDC(NDS)-167 (IAEA, Vienna, March 11,
1985).

f4] E.M, Zsolnay, H.J. Nolthenius, Proceedings of the IAEA Consultants.
Meeting on the aésessment of the results of the REAL-84 exercise.
Report INDC(NDS)-190/G+F+R (IAEA, Vienna, March 1987)
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2. Reactor Physics at the Interuniversity Reactor Institute (H. van Dam)r

Extensive measurements have been performed on the stability of the BWR
with natural circulation at Dodewaard in order to establish which opera-
tional factors determine the reactor stability and which parameters are
good indicators forr the stability wmargin. With a method for on-line
measurement of two-phase flow velocity, based on the application of cor-
relation techniques on the signals of incore neutron detectors, it was
proved to be possible to measure low-frequency wvelocity variations which
is of importance for the analysis of thermohydraulic stability.

An  out-of-core experimental loop was constructed for simulating the
fluctuations in a radiation field caused by two phase flow in order to
improve the insight 1into the interpretation of the signals. In par-
ticular it aims at improving the interpretation of data obtained by
correlation analysis of signals {rom incore neutron and gamma detectors.
In the framework of the NIOBE project (Noise Investigations of Boiling
Eff'ects) a new boiling loop was installed in the swimming pool type re-
search reacter HOR. This new rig has a higher heating power than the
previous one and an improved controlability of the thermohydraulic
conditions, Preliminary measurements were performed of thermocouple and
neutron detector signals in non boiling conditions. In two out-of-core
boiling loops the information content of thermocouple noise was
investigated. It was shown to be possible to infer flow velocities from
signals of 'out—of—stream thermocouples, positioned in the walls of
coolant channels; in this case the interpretation of the frequency de-
pendent phase of the thermocouple signals should be done with care
because of the interference between fluid transport effects and small
fluctuations in the heating power, the so-called local-global noise
interference.

The computer code gsystem of the group was used for reactor physical cal-
culations in support of the HOR reactor and for analysis of minimization
of critical masses. The latter study was performed in order to test the
merits of data sets and codes for systems with small dimensions that
make high demands on the calculation accuracy. A critical system was
dimensioned with a lower critical mess for Pu-239 than any system known

up to now. It consists of a berylliumhydride moderated core with a
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berylliumoxide reflector, The fuel is distributed in such a way that a
flat fuel importance distribution is obtained; in the minimum critical
mass configuration, containing 87 grams of Pu-239, about 30 % of the
fuel is positioned in the reflector near the core-reflector interface
[11. | |

In the framework of an international benchmark excercise performed by
the Nuclear Energy Agency of the QECD, data have been génera;ed for an
artificial noise benchmark, using & computer controlled reactor
simulator. These data were made available on analog and digital tape to
participants; evaluation of the results will be reported on the occasion
of the Fifth Specialists' Meeting on Reactor Noise in Munich, October
1987.

Two other projects concerned the on-line determination of reactivity of
the HOR reactor and transport calculations on an experimental set-up for
"in wvivo" determination of cadmium in kidneys by measurement of capture
gamma rays produced by irradiationlwith a Cf-252 neutron source. The
first project aims at solving interpretation problems encountered by
applying inverse kinetics to subcritical transients. The latter project
is focused on optimal dimensioning of the irradiation device and an ac-
curate calculation of the dose received by the patient.

The analysis of the reactor physical aspects of a gaseous core reactor

- was resumed (see the 83/84 activities report). In this reactor type the

fuel is at high temperature and in & partly ionized gaseous state, sur-
rounded by a graphite reflector; the fuel has such a composition that it
is in thermodynamic equilibrium with the reflector material {2]}. Present
research is focused on criticality aspects, reactivity coefficients and

neutron generation times in dependence of the system dimensions,

References.

{1} H. wvan Dam and P.F.A, de Leege, Minimum critical mass systems, Ann. .

nucl. Energy. 14 (1987}, pp.369-376. _
[2] J. Kistemaker, W. Boersma-Klein, F.J. Kelling, R.J. Heyboer, H. van
Dam and J.E. Hoogenboom: Gas-core Fission Reactor Aspects.

Proc. U4th Int. Conf. Emerging Nuclear Energy Systems (1986), pp.'

258-261, World Scientific Publ. Singapore.
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3. Reactor physics at KEMA (J.A.M.M. Kops)

A 3 D core simulsation program is used for fuel management calculations
as well as analyses of transients for the Dutch nucleaf power stations
(a small 54 Mwe BWR and a U450 MWe PWR). Furthermore last year the
‘methodology is ugsed for a detailed reconstruction of the Tsjernobyl
accident. The latter analysis shows an essential role in the accident

sequence of the graphite displacers of the control rods.

The programmature is continuously validated by comparing the calculation
results with the measurements of reactor physical paramters as well as
gamma spectrometrical measurements of fuel elements. A significant

deviation in k ray result from s neglection of the neutron activation

eff
of **B tot *'B in PWR primary water. To investigate this, measurements

of the '*B /''B ratio will be performed.

An in wvessel water level gauge using groups of heated thermocouples
(BICOTH sensors } has been installed in the Dodewaard reactor. The work
is performed in close ceooperation with the Japanese research institute
JAERI and with Halden Reactor Project Group in Norway. Up till now the
system operates satisfactorily and the results compare quite well with
the conventional water level instrumentation. An analog eguivalent
resolution was obtained by superimposing a smoothing transition function
on the distinct water level indications that follow directly from the 8-
digit binary code generated by the BICOTH sensors as a function of water

level height in the vessel,

A first presentation on this new water level measuring system has been
given last April at the Japan Atomic Energy Society Conference at the
Nagoya University in Japan. A second presentation of the system is
planned for the OECD/NEA Specialists' meeting on In-core Instrumentation

and Reactor Core Assessment in Cadarache, France, next year.
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NORWAY

STATUS REPORT TO NEACRP
( 1986-1987)

REACTOR PHYSICS ACTIVITIES [N NORWAY
SEPTEMBER 1986 - AUGUST 1987

Compiled by: T. SkarShamar

Institute for Energy Technology
Box 40, N-2007 Kjeller, Norway

Efforts in reactor physics in Norway are made through the activities of
Scandpower International Consultants {based at Kjeller}, and through the
work at the OECD Halden Reactor Project.

1. FMS CODE SYSTEM

Scandpower A/S provides continued support and maintenance of the code
package FMS. This modular code system for light water reactor cal-
culations is currently in use by a number of power utilities and other

organisationé in Europe, USA, Mexico and the Far East for both BWR's and
PWR's.

A fairly large effort has recently been completed in upgrading the RECORD
code, the data generztion unit of FMS. A number of new models and
features have been added reflecting user requirements for analysis of

new fuel designs, control rods and detector systems. An outline of some

of these implementations and features of the RECORD code was presented at
the Paris meeting in April (Ref. 1),

Effort continues on the Core Master PRESTO for on-line applications on

operating BWR power plants. PRESTO has now implemented an automatic

search option for the worst control rod in shut down margin calculations,
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Scandpower has carried out many projects involving reactor dynamics
studies with the RAMONA code. RAMONA is 2 code for BWR transient

analysis in 1- to 3-dimensions,

2. HALDEN PROJECT DEVELOPMENT QF A CORE SURVETLLANCE SYSTEM

A complete version of the core surveillance system SCORPIQ is being
implamented in Ringhals Unit 2 PWR in Sweden, A demonstration version
of the system will be installed this year at Duke Power Co., USA,
simulating the Catawba Unit 2 PWR,

Present physics work around SCORPIC® 1s concentrated on systems

improvements for handling of reactors with axial xenon instability.

REFERENCES

t. S§S. Bdrresen, T, Skarfhamar:
“Recent Developments in the Lattice Physics Code RECORD®,
International Topical Meeting on Advances in Rewctor Physics,

Matematics and Computation, Paris, April 27-30, 1887.



STUDSVIK ENERGITEKNIK AB SWEDEN
S-611 82 Nykdping, Sweden

STATUS REPORT
to the NEACRP meeting
Helsinki,'September 14-18, 1987

Nuclear Power in Sweden 1986/87

According to Swedish statistics eléctricity
accounted for 29 % of the total energy supply in
Sweden, according to international statistics
the figure should be 52 %. Either way the
electricity consumption is high compared to many
other nations. During 1986 nuclear power supplied
67 TWh or 50 % of total electricity production,
hydro power 60 % TWh or 44 % and remaining 6 TWh
came from oil- or coal-fired stations. The total
domestic consumption was 129 TWh or about 2 %
less than 1985, If the figures are adjusted for
temperature differences the result is that the
consumption of electricity 1986 was 2 % higher
than the previous year,

1986 was the first whole year with Forsmark 3
and Oskarshamn 3 in commercial operation. The
average capacity factor of ﬁhe twelve reactors
was 80.6 % and the availability 87,1 %&.
Oskarshamn 3 had the highest capacity factor
with 90.4 %. During certain periods the nuclear
stations operated with reduced power for load
optimization, corresponding to a reduction in
production of 2.2 TWh,

Reactor Physics Calculations on Tight PWR
Lattices
{Erik Johansson)

Recent work at Studsvik on pluﬁonium recyclinq
in tight PWR lattices has been summarized in a
paper to appear in Nuclear Technology in the
beginning of next year. The work consists of
test of the calculational model, essentially the
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CASMO code and its standard 70-group data
library, against the PROTEUS experiments, and of
application of this model on various power
reactor systems with tight lattices.

Although there were some discrepancies, the
cutcome of the test was considered good enough
to justify the power reactor calculations. The
main results from these calculations concern the
consumption of natural uranium and separative
work, and the void reactivity. As an example,
the consumption of natural uranium for 50 yr of
operation in a tight lattice was about 25 %
below the value for recvcling in a normal
lattice. The void rezctivity was positive in
some of the calculations. The calculational
uncertainty is fairly large, but at least for
one of the systems this reactivity is very

likely positive also in reality.

At present there are no plans for further
calculations on tight lattices at Studsvik, but
of course this subject might be taken up later
on. It can be mentioned, finally, that the
calculational model has been applied to the
cases of the international benchmark study for
tight lattices. The results are included in a
paper from Japan to be submitted to this meeting.

Approximative Analysis of Inadvertent Control
Rod Withdrawal in the Super Phenix Start-up Core

(Klas Jirlow)

An approximative analytic relation between the
maximum temperature rise in the most rated fuel

pin section and the main parameters (reactivity
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insertion, Doppler constant and power form
factor) has been derived for the complete
withdrawal of one inner control rod in the
present Super Phenix fast breeder reactor core.

The maximum cunter fuel temperature increase is
in the range 300-400 ©c ana it depends primarily
on the form factor of the perturbed power
distribution and on the Doppler constant. In
comparison with previous studies the values are
lower but this is consistent with the more - '
recent set of main parameters.

Thorium Fuel in PHWR

(Gunnar Andersson)

Physics calculations have been performed for
heavy water moderated and cooled reactor with
pressure tank and thorium containing fuel.

LWR In-Core Fuel Management
{Kim Ekberg)

STUDSVIK ENERGITEKNIK AB, with its subsidiary
STUDSVIK of AMERICA, INC, has been active in
developing computer codes and methods for LWR
ICFM for a long time. The codes CASMO-2E,
SIMULATE-2 and MBS have been used by a large
number of utilities and institutions world-wide.

A continuous development work, intended to
improve the computing tools, is being carried
out by Studsvik. Recently the new versions
CASMO-3 and SIMULATE~3 have been introduced (1,
2, 3, 4, 5). CASMO-3, while retaining the
original reactor physics models, offers many new
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options, and its nuclear data library has been
revised. Data for the most important nuclides
are now based on ENDF/B-4.

SIMULATE-3 is a completely new code. Its central
neutronic algoritm is the two-group QPANDA
model, which in turn is a refinement of the
QUANDRY model. The very general cross section
representation in SIMULATE has been completed
with assembly discontinuity factors related to
the very sophisticated homogenization techniques

used.

A pin power reconstruction medel, based on pin
power distributions from CASMO-3 and intra-nodal
flux distributions from QPANDA, has been intro-
duced in SIMULATE-3. It allows a complete
3-dimensional evaluation of pin powers in a PWR
in little more time than is normally needed for
a 3-D nodal power distribution calculation.

Benchmark studies with CASMO-3/SIMULATE-3 have
been completed for PWR and are in progress for
BWR. Several utilities are in the process of
making their own benchmark studies with the
intention of using the codes for licensing

purposes.
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SWITZERLAND

REACTOR PHYSICS ACTIVITIES IN SWITZERLAND
October 1986 to September 1987

P. Wydler

1 GENERAL BACKGROUND

In Switzerland, as in other countries, nuclear energy is facing an
increasing number of political obstacles. The most important of these
are two new antinuclear initiatives, expected to be put to the vote in
1989. Advances in the Federal Parliament to discontinue the operation
of the existing power plants and to withdrawv the general 1license for
the Kalseraugst project have been rejected. However, the concerns
expressed by the parliamentarians have prompted the Federal Council to
charge a commission to study the consequences of phasing out nuclear
energy and to propose appropriate scenarios for this by the end of the
year. At the level of the cantons, unfavourable developments include
parliamentary decisions at Berne and Geneva to rule out the
construction of nuclear power plants on proposed sites within their

territory.

In anticipation of a widening gap betveen production and demand, the
Swiss electricity companies have decided to further increase their
electricity imports from France. Imports have now been agreed with
EdF which, by the middle of the 1990's, will correspond to 25% of the
home-produced electricity. Since Switzerland has always been
self-sufficient in electricity, this development represents a major

policy change.
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As a result of an optimisation study the two Federal nucleaf research
laboratories, EIR Wuerenlingen and SIN Villigen, are about to be
merged into a single organisation. As regards future activities of
this laboratory, it has been recommended that fission reactor research
and development should be reduced unless the laboratory can
participate in an international project such as the HTR-500 (on which
Swiss industry collaborates with industry in the Federal Republic of
Germany), or can suppert Swiss industry in the development of a small

district heating reactor in the 10 to 50 MV thermal energy range.

Proposals for three heating reactor concepts, the (water cooled) Swiss
Heating Reactor (SHR), the so-called "GEYSER" reactor, and the
Gas-Cooled Heating Reactor (GHR), are currently being evaluated. The
SHR, proposed by EIR, is based mainly on standard BWR technology; the
GEYSER, an innovative concept proposed by SIN, uses a 50 m high water
column to  produce coolant éressure, and self-regulating boron
poisoning for reactivity control; and the GHR, supported mainly by
industry, relies on HTR technology.

In March the Federal Parliament approved funds for a spallation
source, to be added to the cyclotron complex of SIN. With a target
power'of 650 kW the source will be about five times more powerful than
existing sources of this type. Although not intended to be
competitive with powerful international facilities such as the high
" flux reactor at ILL Grenoble, the source will outperform'EIR's
existing neutron source, a 10 MV swimmihg pool reactor, and thus

provide an important tool for home-based fundamental and applied

research.

Among the activities to be reported the Light Water High Converter
Reactor (LWHCR) work at the PROTEUS reactor in Wuerenlingen, which
receives larger funds than other reactor physics work, has to- be
emphasised. Recently, an agreement has been signed to cover LWHCR
collaboration with partners in the Federal Republic of Germany. Other
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reactor physics activities at Wuerenlingen comprise core analyses in

support of the SHR, and basic method development and data testing.

At the Federal Institute of Technology Lausanne fusion blanket
experiments with a lithium blanket module, developed by the Princeton
Plasma Physics Laboratory, have been completed. Measurements on other

blankets are continuing.

2 LWHCR PHYSICS EXPERIMENTS AND ANALYSES

Investigation of the PROTEUS-LWHCR Phase II lattices has been
continued. The Phase II lattices are single rod configurations, using
mixed oxide fuel with a fissile plutonium content of 7.5%, typical LWR

plutonium isotopic composition and a fuel-to-moderator ratio of 2.07.

An NEACRP-A-paper, submitted for this meeting, reports on comparisons
of calculated and measured integral parameters for the Phase II
reference lattice, both wet (with H,0) and dry (100X void). The k

void coefficient, o (0 - 100% void), and its components have been

analysed in a manner anralogous to that applied in the PROTEUS-LWHCR
Phase I programme (cf. NEACRP-A-papers 584 and 636).

Results for « in the Phase II lattice have been found to be positive.
Consideration of the individual void coefficient components show this
to be a consequence of the more LWHCR-representative fuel being used
in the current experiments {(larger fuel diameter, plutonium isotopic
composition corresponding to LWR-discharged plutenium, ete.). The
most 1important single effect producing qualitative change to the
conclusions drawn from the Phase I experiments is the significantly
smaller absolute wvalue of the negative component due to Cang (#3%y
capture, relative to **°Pu fission). Also important are the increased
positive contributions of reaction rate ratios involving captures in

the plutonium isotopes.
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It needs to be stressed of course, that the void coefficient for the .

‘corresponding pover reactor could still be negative . once

extrapolations have been made for the effects of leakage, temperature,

control = absorbers, bu;nup, etc. While the applicability of. a

zero-pover facility for the investigation of such power .reactor

features is limited, numerical studies have indicated that the

uncertainties involved in such extrapolations could be much 1less

significant than the basic o, uncertainties being resolved by the

present type of experiments.

An important aim of the PROTEUS-LWHCR Phase II programme has been the

improvement of measurement accuracies relative to those achieved in
Phase I. Thus, efforts to develop reliable experimental techniques
. for the determination of k_, via cell worth measurements - in both dry

and vet test lattice configurations - have been continuing . and have

already provided invaluable supplementary information to that .obtained

via buckling measurements. New experimental techniques have also been

applied for the determination of ?*'Pu fission and 2%2Py capture -
reaction rates which in the Phase II lattices are of much greater
importance than they were in Phase I.

Investigations related to an intermediate H,0-voidage state for the
current Phase II reference lattice have been carried out using

Dowtherm as moderator, as was done in Phase I. The measurements have

been completed and are currently being evaluated, so that void.

coefficient results over the corresponding partial voidage ranges will -

soon be available. = A series of experiments concerning the_

determination of k_ in uniformly poisoned test lattices has now been

initiated, in order that more direct information pertaining to:the

effécts of control absorbers can be obtained. Heterogeneity effects
will also be investigated in this context by carrying out appropriate
reaction rate distribution measurements. For 1988-89, experiments are
planned on a wider spaced reference lattice, so that the final set of
integral results from the PROTEUS programme should provide a

sufficiently broad basis for validating LWHCR physics design tools.



As regards the status of calculational comparisons for the experiments
evaluated to date, the 1inadequacy of LWR cell codes used in
conjunction with ‘'"standard" data libraries has been confirmed -
specific, partly compensating errors being identified in several
cases. Analysis, using a data library generated for the WIMS-D code
from JEF-1 files, has demonstrated the advantages of applying recent
"bést choice" evaluations of differential data rather than using
libraries incorporating adjustments based on non-LWHCR integral tests
(Ref. 1). While certain points remain to be clarified, the overall
consistency of results appears to be much more satisfactory in such
analyses. Efforts are currently undervay to provide detailed
numerical checks on the theoretical methods used for the resonance and
fast energy ranges, so that the improved quality of results obtained

with the WIMS-D/JEF-1 analysis can b2 put on a firmer footing.

In the context of burnup physics calculations for LWHCRs, an aspect
which cannot he directly investigated in PROTEUS-type experiments, two
solutions have been prepared for the NEACRP HCLWR-burnup benchmark
problem. These employ the EIR Light Water Reactor code system and a
generalised version of the Los Alamos DANDE system (cf. section 4);

in conjunction with data from ENDF/B and JEF-1, respectively.

3 STUDY OF SMALL CISTRICT HEATING REACTORS

For the SHR, a small heating reactor concept based on BWR technology,
further core optimisation studies have been carried out using the EIR
Light Water Reactor code system. New design features include the use
of fuel elements with a central water channel (so-called "Q" elements)
and cruciform control rods with radial-position dependent boron

content.



"Q" fuel elements feature a central, non-boiling water channel which
has the effect of increasing the reactivity aﬁd flattening the power
distribution within the fuel element. In the SHR core, with an
average void fraction of 15%, the reactivity reaches a maximum if the
channel represents about 10% of the cross section of the fuel element.
Core simulations confirm that the concept offers a fuel inventory
-saving of 10% and thus a significant economical advantage. The main
effect of the water channel on the physics parameters of the core is
to reduce the void coefficient: the (negative) void coefficient is
reduced by 50%, but remains.compatible with safety criteria.

In the reference design of the SHR core the reactivity is controlled
by 9 identical control rods arranged as closely to the core centre as
possible. With this configuration the reactivi;y worth of the centre
rod 1is large enough to jeopardise the safety of the core in the event
of an inadvertent withdraval of the rod. The problem can be overcome
by increasing the number of control rods and adjusting their boron
content: calculations for a configuration with 13 control rods of

three different types indicate a reduction of the maximum reactivity
worth by a factor of 2 to 3.

The main features of the SHR core are illustrated in Fig. 1. The
core consists of 32 BWR 'type fuel elements with a cent;al vater
channel. The fuel is 4.5% enriched uo, and, in the inner zone of the
core, 12 out of 70 pins per fuel element are gadolinium poisoned. The

cruciform control rods are identical in geometry but have three
different boron contents.

Details of the reference design of the SHR can be found in Ref. 2.
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Fig. 1: Cross Section of the SHR Core
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4 DATA AND METHODS FOR.FISSION AND FUSION REACTOR CALCULATIONS

In the framework of a collaboration with Los Alamos National
Laboratory EIR has implemented and is generalising a calculational
scheme based on the NJOY cross section preparation route and the DANDE
modular depletion system. NJOY processes basic data, mainly taken
from the JEF-1 evaluation, and generates group cross sections for
DANDE in the so-called "MATXS" format. The present EIR version of
DANDE contains modules for resonance shilelding and group condensafion
{TRAMIX), cell calculations (ONEDANT), two-dimensional transport
calculations (TWODANT) and depletion calculations (DTOC—CINDER—S).
Links to the cell code MICR0OX-2, the twvo and three-dimensional

diffusion code FINELM and the Monte Carloc code MCNP are also
available.

Starting from JEF-la several group libraries have been prepared.
These include libraries 1in MATXS format using the WIMSD/BOXER group
structure, the VITAMIN-J group structure, the General Atomic¢c 193 group
§tructure and the EIR/HRB 308 group structure., The VITAMIN-J library
is a coupled library with 175 neutron and 42 photon groups, suitable
for fusion reactor and shielding calculations; the other libraries are
intended for the neutronic analysis of various types of fission
reactors. The 193 group library was also prepared in the format
required by MICROX-2 (GAR, FD and GG files). A JEF-1a based point

cross section library for MCNP is currently being tested.

TRAMIX is an extended version of the Los Alamos code TRANSX-CTR.
Recently developed TRAMIX options include the calculation of energy
dependent Dancoff factors and escape probabilities for  slab,
cylindrical and spherical cells in rectangular, hexagonal and pebble
bed lattices. The double heterogeneity of the fuel in pebble bed

-lattices is also taken into account. Another useful featufe of TRAMIX

is its ability to automatically repeat resonance shielding

calculationg in burnup problems.
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Developments relating to the one-dimensional S  code ONEDANT comprise
the application of a streaming correction to the diffusion coefficient
(e.g. the Behrens-Lohnert correction for pebble bed geometry) and the
incorporation of the B, leakage spectrum calculation method.
Dynamical dimensioning has been introduced in DTGC-CINDER-3 to allow
general group structures and arbitrary numbers of energy groupé to be
used. Finally, the development of auxiliary modules for burnup
dependent editing of isotopic densities, cross sections and reaction

rates is worth mentioning.

The interface between NJOY and MCNP has been further tested and
updated in cooperation with Bologna University and AEE Winfrith. In
this context current EIR efforts to develop a new shielding formalism
for the unresclved resonances may be mentioned. To make MCNP users
more familiar with the code, an MCNP workshop was organised at

Wuerenlingen in January 1987.

The work on acceleration techniques for transport theory codes has
been continued and currently concentrates on the implementation of a
QP, synthetic acceleration method in the Los Alamos finite element
code TRISHM. A one-dimensional DP_ version of the method has been

tested successfully (Ref. 3).

More detailed information on the LANL-EIR cooperative work in the
field of nucleoniecs and particle transport can be found in a recent

EIR report (Ref. 4).

5 TESTING OF DATA ¥OR FUSION REACTORS

4 175 group fusion library, in which °Be and ’Li data derived from the
Buropean Fusion File (EFF) are substituted in the aforementioned JEF

based library, has been tested for various fusion blanket designs. 1In
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particular, predictions wusing the JEF/EFF and ENDF/B-V data were
intercompared in collaborative exercises with General Atomic and

Rensselaer Polytechnic Institute.

In a comparative study with emphasis on tritium breeding, a new Jlead
evaluation by H. Gruppelaar has been tested extensively. Another
study, invelving intercomparisons for conceptual blankets for NET and
TIBER-II, was aimed primarily at investigating resonance shielding
effects on the tritium breeding. In this study, which included a
one-dimensional sensitivity analysis, it wvas found that appropriate
resonance shielding is important, particularly in the case of
water-cooled blankets using tungsten as a structural material.
Particular differences in JEF/EFF and ENDF/B-V predictions were
identified.

6 LOTUS FUSION BLANKET PROGRAMME

Over the past twvelve months activities within the LOTUS fusion blanket
programme have been devoted to the conclusion of planned experiments
with the Lithium Blanket Module {LBM), and new activation and tritium

production rate measurements in various slab assemblies.

The LOTUS-LBM experimental programme has been described in previous
activities reports. After completion of the first phase of the.
programme, and the presentation of results at the Seventh Topical
Meeting on the Technology of Fusion Energy (Reno, June 1986), further

reaction rate and spectrum measurements were carvied out.

Measurements of the neutron spectra at various points in the LBM were
performed using a miniature NE-213 spectrometer, specially developed
at Lausanne, which can be slid into a LBM test rod. Measurements were

made at two depths, 30 cm and 50 cm behind the LBM front face. A
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total of 18 spectra were taken in the central rod and at some off-axis
points. The response functions of the spectrometer were generated
using the 055 Monte Carlo code, and the FORIST code was used to unfold
the recoil spectra. To validate the response function calculation,
measurements at three different energies were made at SiN using a
neutron beam produced by the "Li(p,n) reaction, and a time-of-flight

technique for selecting the neutron energies. Preliminary analysis

shows good overall agreement, although a more detailed analysis may

still lead to some modification of the response functions.

New tritium breeding measurements in the LBM, preceded by either a
5 em thick lead plate or a 6 cm thick beryllium assembly, have also
been carried out. Lithium oxide sample disks were placed in four test
rods: the <central one, and those located 6 cm, 18 cm, and 39 cm
off-axis. A sample disk was placed every 3 cm inside these rods, up

to a depth of 30 cn in the lithium oxide zone of the LBM.

Activation measurements in blanket assemblies composed of the LBM
preceded by either a single thorium oxide zone of 27.7 em thickness,
or the same zone asscciated with one of the two multiplier slabs (lead
and beryllium), have also been made. Five activation reactions were
retained:  *%°Zr(n.2n), *®Ni(n,2n), °3Nb(n,2n), >**Ni(n,p), and

Y137n(n,n"). The first two are activated almost entirely by 14 MeV
neutrons, vhile the last reaction preferentially registers

contribution from lower energy neutrons.

A first analysis of these experiments using the 2D discrete ordinates
code DOT-3.5 has been completed. There is good agreement between the
computed and measured activation rates to bpeyend the ThO, zone.
Discrepancies arise however, as one penetrates deeper in the LBHM.
Such observations had also been made in similar assemblies without a

ThO2 zone.
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These LBM experiments completed the programme worked out in
cooperation with Princeton Plasma Physics Laboratory. The LBM was
then dismantled and sent back to the United States.

Since there is still a need for additional information on multiplier
materials, an independent series of experiments has been devoted to
the study of the multiplication performance of lead and beryllium
slabs. It could be shown that the ratio of In and 2r activities,
averaged over the surface of a multiplier slab, 1is related to the
{n,2n) multiplication inside the multiplier volume. Activation rates

on the source end of lead and beryllium multiplier slabs of different

thicknesses have therefore been measured and analysed in R-Z geometry -

using the 2D code DOT-3.5 together with a 46 group EFF 1library.
Comparison of the computed and measured radial and surface-averaged
activities shovws good agreement for the °Be multiplier. For Pb  the

results are lesslsatisfactory and analysis is continuing.

Numerical studies have also been carried out for a new type of blanket
module incorporating a lithium-lead alloy. The aim of this work is to
identify a realistie blanket concept which would be particularly
suited for testing in the LOTUS facility.
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UNITED KINGDOM

REACTOR PHYSICS IN THE UNITED KINGDOM
1§§6 = 87

M J Halsall
J M Stevenson

1 News Items

Approval for the 1175MW(e) PWR at Sizewell has been given and
construction has begun. The extended timescale can be
summarised as:-

Januvary 1981 CEGB apply for permission to build the PWR.

January 1983 Sizewell B Public Inquiry (estimated cost
to March 1985  £20M).

December 1986 1Inspector's Report (3000 pages) recommending
that approval should be given, is presented to
the Secretary of State for Energy.

March 1987 Secretary of State for Energy gives his
‘ approval.
June 1987 Site Licence issued by the Miclear

Installations Inspectorate.

July 1987 Construction beglns. Will take 7 years and
w111 cost £1.6 x 1079, '

Some of the anti-nuclear groups are 8till planning to challenge
the decision to go ahead in the higher courts of the land. An
application for a second PWR, at Hinkley Point, was finalised
during August 1987. It will be subject to a full planning
inquiry, but not on the scale of that for Sizewell.

The public inquiry into the joint UKAEA/BNFL outline planning
application to build the European Demonstration Reprocessing
Plant at Dounreay ran from April to November 1986. The plant
is designed to reprocess fuel from the next European
Demonstration Fast Reactors. The first part of the inquiry
report, on findings of fact has been issued for comment to the
- parties involved. The second part of the report which will
include the Reporter's recowmendat1ons will follow later this
year.

Fuel loading in the first of each pair of AGR reactors at
Heysham and Torness commenced in July. The new fuel developed
" by BNFL has a more resilient graphite sleeve and should
facilitate on-line refuelling. The tests following fuel
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loading should be completed to allow full power operation early
next year. Construction of the second reactors at each site is
about complete and substantial power should be produced in
1988. Construction of the first reactors has been delayed by
about 10 months for modifications to solve a control rod
oscillation, caused by an uneven flow of coolant gas at a new
design of inlet ports.

The recent performance of the operating AGR power reactors has
been disappointing, with the exception of the South of Scotland
Electricity Board's reactors at Hunterston. The AGR and Magnox
reactors at Hunterston provided more than 45% of Scottish
electricity generation for 1986-87 with a lcad factor of about
80%.

In May, the UK Government announced that the Nuclear Industry
Radioactive Waste Executive (NIREX) would abandon its plans to
put low-level nuclear waste in shallow trenches at one of the
four possible sites. Opposition had been encountered at all
the sites. Various deep disposal systems are now being
considered again, with low-level and intermediate-level waste
being stored in the same facilities.

The UK Atomic Energy Authority recently issued its Annual
Report for 1986--87 (and an associated video film) which covered
its first year of operation under a Trading Fund, as defined in
the 1986 Act. The Government has decided that the Authority
should operate more like a commercial concern, earning from
sales and its knowledge, endeavouring to obtain a return of
more than 5% on its capital, with a limited borrowing power
from the Government. Those financial objectives were just
achieved during this first year.

The Annual Report highlighted a variety of interesting
projects: =

a) The Joint European Torus (JET), being developed at Culham
in collaboration with 11 other European countries, is
approaching the levels required for the three main
parameters of a plasma in an operational fusion reactor:-

Temperature Time Densit
UmC secs 1012 particles/m3
Desired 100-200 1-2 2-3
JET peak 140 0.9 1.2
JET typical 70 0.6 0.5

b) A Laser Isotope Separation technique to enrich uranium is
being developed by the Authority and BNFL. Laser beams
with an accurately-chosen freguency fired at uranium
vapour will selectively ionise U235 which can then be
separated from the un-ionised U238 by an electro-magnetic
process. It has the advantage over centrifuge and
diffusion methods in that it is a one-step process.
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c) A new method of reprocessing uranium fuel is being
studied. A unit called a vortex contactor uses fluidic
principles associated with the energy in liquid. It
therefore has no moving parts and negligible maintenance.
The spent fuel is dissolved inh nitric acid and mixed with
an organic liquid. The plutonium and uranium transfer
from the nitric acid to the organic liquid which can then
be separated by a vortex effect in a suitable container.
Several of these containers would be used in a line.

~d) Now that the Windscale AGR is being decommissioned, there
is a need for a facility to test AGR fuel pin and clad
performance. A special 11-foot high pressure loop (PAT)
is being introduced int6 the materials test reactor PLUTO
-at Harwell. An instrumented calibration rig provides
temperature distributions. There is a remote handling
facility nearby which includes a gas sampling rig for
fission products and equipment to determine pin dimensions
and examine the micro-structures of the fuel and clad.
Already burnt-up pins can be used in the loop which should
be operational by the end of 1987.

e) A Spinning Cylinder Test Rig in which high stresses can be
produced in a thick steel cylinder has successfully
completed commissioning trials at Risley. By high speed
rotation (up to 3,500 rpm) and water-spray quenching, the
facility can simulate complex stresses produced by
simultaneous pressure and thermal shock loading in a
thick-section pressure vessel. An experimental programme
jointly funded by the Department of Energy and the CEGB
will determine the effect on the growth of incipient
cracks in PWR pressure vessels.

A new inspection validation centre was opened at Risley in
June. Miniscule faults can be induced in full-scale sections
of a pressure vessel and inspectors are testeéed in their ability
to locate the defects. The centre is expected to £ind wider
applications, for example in off-shore structures arnd boiler
plant. : :

A £2M rig, ACHILLES, designed to investigate clad ballooning in
PWR's has been built at Winfrith. The aim is to confirm
results from calculations which indicate that following a major
cooling water pipe fracture in a PWR, cdoling from the
emergency cooling water will be sufficient. The rig uses
electrically heated model fuel assemblies of the same geometry
as those for Sizewell B. They can be heated to 11000C and
contain more than 400 thermocouples. The current programme
includes experiments on two fuel assemblies - one normal and
one with a flow blockage simulating clad ballooning.

3,000 houses in Devon and Cornwall are being monitored for the
presence of radon gas by the National Radiological Protection
Board. It is believed that some occupants are exposed to
several times the radiation levels permitted for workers in the
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nuclear industry and that nearly 1000 deaths a year from lung
cancer in Britain are attributable to radon daughters. The
Building Research Establishment is investigating ways of
reducing exposure in homes. These include sealing floors,
increasing ventilation and installing a pump to remove radon.

2 Thermal Reactor Physics

2.1 Computing Environment

A very significant development of working environment has been
the steady conversion of codes from the IBM mainframe to a
local area network (LAN). This was a major undertaking

mainly because of methods adopted in the past to simulate
dynamic storage allocation, that are not supported by Fortran
77. The conversions to Fortran 77 do have the benefit of
generating much more portable codes than we have ever had
before.

The LAN is supported primarily by SUN microcomputers, but is
also linked via VAXs to the mainframes for transmission of
codes and data. The SUNs have proved to be a highly cost-
effective way of working, offering cheap computing, advanced
facilities (bit-mapped window managers and excellent debugging
tools etc), enhanced user-productivity and high reliability.
The machines have imposed no serious limitations on job size
despite their current speed of only about one tenth that of the
IBM 3084Q at Harwell.

2.2 WIMS Codes and Data

A new WIMS nuclear data library (the '1986' library) was
released. The three main changes from the '198l1' version were
a revised normalisation of the U238 resonance integrals

(based on several integral evaluations), a renormalisation of
all fission product cross-sections (again based largely on
integral experimental evidence), and the revision and addition
of several higher actinide files based on the JEF1 library.

As mentioned above all the WIMS codes have been converted to a
portable Fortran 77. This includes the o0ld stalwart WIMSD, the
more recent modular code WIMSE and the light water version
LWRWIMS. Also now being included in the WIMS ‘package’ is the
group Monte Carlo version of MONK known as MONK=~-5W.

All four of these codes have been tested more thoroughly than
ever before (mainly due to the availability of the SUN
microcomputers). More effort has been recruited into this area
to rebuild a viable team capable of extending the present
capabilities of the codes. In particular it is intended in the
longer term that WIMSE should become the universal WIMS code
with appropriate sections lifted from WIMSD and LWRWIMS, and
new models added where required.
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Two significant developments have been made to MONK-5W:-.

{a) a resonance subgroup model has been added (based on
established WIMSE methods) so that it can now be run
directly from a WIMS 69 group library without
preprocessing to generate effective shielded cross-
sections for the resonance groups.

{b) explorations have been made into the possibilities for
using MONK-S5W to do burnup calculations. The code has
been developed to accept tables of cross—-sections
(generated by WIMS) as a function of absorptions. This
method relies on the WIMS depletions being carried out
with a representative neutron spectrum, but the method has
proved very successful for special applications.

2.3 Monte Carlo Developments for AGR Studies

A significant new development was reguired to model not only
the axial gaps in AGR fuel stringers but also the gadolinium
poison toroids. This was seen as too difficult a problem to
tackle by deterministic transport methods (at least for a
design calculation method) and a perturbation Monte Carlo
approach was adopted.

The method known as MAX has been tested for an AGR lattice
cell, calculations being carried out with an explicit
representation of all the details of the cluster and moderator
including the end cap, alumina pellets and fuel pins with
central voids and grids. Comparisons of both radial and axial
fine structure with deterministic methods (2D radial and 1D
axial) and experiment (where available) have demonstrated very
good agreement. Computing times are two orders of magnitude
shorter than those required by conventional Monte Carlo
methods.

2.4 PWR Reactor Physics

The primary objective is to co-operate with the CEGB in
producing a modular code package for PWR analysis using the
best data and methods available to us. The basic assembly
code will remain LWRWIMS for the foreseeable future although
updating of the WIMS data library, and the user image of
ILWRWIMS are continuing requirements.

A great deal of work has been carried out by Winfrith and the
CEGB to establish the accuracy of the methods being used in
both the lattice calculation and the reactor calculation. This
has included detailed comparisons between LWRWIMS and Monte
Carlce for single lattice cells and for groups of channels,
comparisons between the coarse mesh reactor code and fine mesh
LWRWIMS calculations on problems up to % core in size, and the
simulation of operating reactor histories.
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These methods are being embodied in a modularised flexible
package known as PANTHER, incorporating a good user image,
comprehensive data banking facilities, and ultimately, links to
operating reactor databases. The package will be capable of
steady state, depletion, and rapid transient calculations, and
while the first target is the PWR system, it has sufficient
flexibility that AGR specific methods can, and will be,
incorporated.

2.5 Irradiated Fuel Studies

& further series of reactivity measurements on samples of

fuel irradiated in a thermal reactor has been carried out under
contract in the DIMPLE reactor. Measurements were made on
three samples of uranium fuel which had been subjected to
different levels of burnup. Additional measurements were also
made on a set of calibration samples constructed from
unirradiated uranium of various concentrations and absorbers
such as copper, steel and boron. Measurements were made in
three reactor assemblies. The first had a significant
epithermal component in the neutron spectrum. In the second
assembly the sample was surrounded by a tank of heavy water,
inside an annular core. The heavy water provided a thermal
spectrum whilst retaining sensitivity of the sample reactivity
to fission product absorption. The third had a similar light
water central region ingside an annular core which rendered the
sample reactivity only sensitive to fission production.

The sample reactivities were calculated using WIMS methods and
data. A correlation scale of calculated versus measured
reactivities was set up in each assembly using the calibration
samples, thereby minimising any deficiencies in the
calculational method. The interpretation of the irradiated
sample reactivities was then carried out by comparison with
this correlation. The resultant deviations of the irradiated
samples from the correlation was interpreted as an error in
fission product absorption. The deviations are still being
evaluated but suggest significant variations with burnup.

3 Fast Reactors

3.1 Prototype Fast Reactor {PFR)

buring the period July 1986 to August 1987 runs 12 and 13 were
completed involving a total of about 130 effective full power
days (EFPD). Run 12 began on 20 August 1986 with a full
complement of three secondary circuits. On 25 October after 61
EFPD had been accumulated a leak was detected on the inlet side
of one of the superheaters. Operation continued to the end of
the run on 2 December 1986 on two secondary circuits while this
superheater unit was replaced.

Run 13 commenced cn 22 December on two secondary circuits until

3 January when the third circuit was reinstated. A period of
three circuit operation followed until 27 February 1987 when
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the plant tripped as a result of a leak in one of the original
superheaters. Operation on two circuits then resumed while
this unit was replaced. The replaced superheater was
commissioned in July 1987 and the third superheater is now
being replaced as a precautionary measure. The reactor was
shut down for refuelling on 16 August 1987.

3.2 Suberitical Monitoring of PFR

Further comparisons have been made of calculated and measured
subcritical count rates during three reloads of PFR. Three
low=-power monitoring chambers located in the radial neutron
shield were used. Counts were only taken with subassemblies
present in all positions to avoid problems encountered
previously with sodium channels.

6-group source-mode diffusion-theory calculations are based on
individual subassembly centre-plane material number densities
and source strengths from the routine operational support
calculations. Two-dimensional triangular geometry is used. A
refinement to the calculations in the adjustment of the axial
buckling as irradiated fuel is replaced by fresh fuel. This
adjustment was based on separate studies. The total fluxes at
the meshes at the edge of the core reflector closest to the
instrument were assumed to be proportional to the reaction
rates at the instrument positions.

Comparison of calculation and measurement showed agreement
within a few percent for the count rate on each detector
throughout the sequence of moves. For each individual
subassembly exchange, the agreement was within about 2% for
each detector and about 1% (corresponding to 18 cents in
reactivity) for the average of the three detectors.

3.3 Fuel Reprocessing

The present plant at Dounreay has processed all the PFR fuel to
date, a total of over 10 tonnes. A new plant, the Marshall
Laboratory, costing £8m has recently been opened. It contains
what is reputed to be the largest glove box in the world.

This houses a pulsed column test rig, also the largest of its
kind. There are a total of six pulsed columns examining
different stages of the fuel reprocessing - eg the separation
of plutonium and uranium from the fission products, and the
separation of the plutonium and uranium.

3.4 The CADENZA Benchmarks

The final report on the International Comparison of
Calculations for the pin and@ plate CADENZA assemblies is being
presented to this meeting. All eight solutions submitted
showed a positive pin-plate reactivity discrepancy for the
normal cores, ranging from 0.0015 to 0.0082 dp. The mean
discrepancy and standard deviation about the mean for the six
solutions which effectively have 3D models for both cell types
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are 0.00471+0.0019. The experimental uncertainty on the
difference in k-values for the pin and plate cores is +0.0013
(10’)0

Extra calculations in simple geometries allowed a study of the
contributions to the discrepancies and their variations from
solution to solution. Significant variations were found for
the reactivity effects of the difference in the homogenised
compositions of the pin and plate cells, and spatial and
streaming heterogeneities of both cell types.

Consideration of the variations in these calculated
reactivities from heterogeneity and the composition change and
the experimental reactivity uncertainties gives a random
standard error of 0.0015 dp on the mean discrepancy of

0.0047 dp. There may be systematic errors from the
cross-section data and in the attempts to represent the plate
cell in 3D.

Further results for the k~values of the voided assemblies,
element replacements etc are given in the final report.

wWhile the reasons for the differences and discrepancies are not
fully understood, the following (lg) uncertainties are
suggested for heterogeneity effects alone.

Plate-cell with a plutonium-metal fuel +0.004 dp
plate (3D or modified -~ 1D cell treatment
for spatial heterogeneity)

Plate-cell with a mixed-metal or +0.002 dp
mixed-oxide fuel plate

Pin cell with mixed-oxide fuel - +0.002 dp

3.5 Development ¢f a Common European Fast Reactor Cell Code

Work has continued on the new cell code, ECCO, which is being
developed under the European Fast Reactory Collaboration. The
major part of the functional specification for the code has

now been completed. The data library for the code will be
derived from the Joint Evaluated File JEF-1 (and eventually
JEF-2), but for test purposes a fine group library has been
generated by converting the FGL5 library into the ECCO format.
This has been done as a practical check of the proposed format
and to enable comparisons tc be made between ECCO and the MURAL
code with consistent data. A routine for calculating collision
probabilities in cylindrical geometry has been produced. This
is based on existing routines but incorporates a number of
improvements, particularly in connection with the evaluation of
Bickley functions and with the treatment of regions containing
material with very small or very large cross-sections.
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4  Criticality

4.1 MONK Develcopment

MONK6 has been placed in the Winfrith ANSWERS service with
entirely new and high quality user documentation. 1t is
available for lease through the ANSWERS service which offers
full facilities for mounting and running the code successfully
on a variety of computers including SUN and VAX workstations.
Training seminars are provided together with trouble-ghooting
and a comprehensive advice service on criticality issues.

The option which allows geometry/composition perturbations is
now fully operational. Validation checks for both types of
perturbation have been carried out. A paper will be presented
at the 1987 Tokyo Conference on Criticality in October.

4.2 Analysis of the ZEBRA-8 Test Cells

ZEBRA-B contained a series of seven k-infinity equals unity
cells in plate geometry with fast/intermediate neutron spectra
of the type not normally encountered in criticality benchmarks.
Detailed representation of the plate cells, including the
plate cans and the sheath have been input into the latest
version of MONK. The associated DICE cross-section data which
is based on UKNDL was used. The k-values and C8/F9 and F8/F9
reaction~rate ratios were compared with the experimental
results. Poor agreement was found, the (C-E) differences for
X, being =-0.02 to +0.10, much greater than differences found
for the usual criticality systems with fast or thermal neutron
spectra. Generally, both reaction-rate ratios were
underestimated, by up to nearly 20%.

This poor agreement contrasted with the excellent agreement for
calculated k_, and the reaction-rate ratios using 1D and 3D cell
representations in MURAL with the adjusted FGL5 data.

Extra calculations in 1D geometry using MONK with 37-group
region data from MURAL/FGL5 and with the DICE data confirmed
that the poor agreement arose from the DICE data rather than
from the MONK code. The MONK custodians are aware of the
deficiencies of the DICE data and hope that the situation will
improve when JEF-1 data can be used.

4.3 DIMPLE

Analysis of the two critical assemblies simulating loading
errors in the 20-compartment boron-steel walled transport/
storage skip is complete. 7%-enriched U0, pins were introduced
into an edge or one of the centre compartments instead of the
usual 3%-enriched pins. This produced significant peaking in
the perturbed compartments and asymmetric flux distributions.

k-values were calculated using IWRWIMS-TWOTRAN and MONK6.3 by
Winfrith and using the French Monte-Carlo Code MORET by

- 159 -



Dr Poullot of CEA, Fontenay-aux-Roses. MONK6.3 represented
each pin explicitly; for MORET cell-average cross-sections for
the pin cells were produced; for TWOTRAN some preliminary
preparation of cross-sections was necesgary to represent the 7%
pin clusters in the XY geometry. The reference assembly with
3%-enriched pins in all compartments was also calculated.

Each method gave good predictions of the k-values, agreeing to
within about 0.01 with experiment, with a general tendency for
the predictions for the perturbed assembly to be higher than
for the reference.

In contrast, however, comparison cf measured reaction-rate
distributions across the skip with predictions from TWOTRAN
showed different effects in the two perturbed assemblies-
While there is reasonable agreecment between calculated and
experimental reaction-rate distributions with the perturbation
at the centre of the skip, calculation overestimates the
fisgion rates in the 7% compartment at the edge of the skip by
about 20%. In fact consideration of the neutron balance for
this assembly suggests that decreasing all the calculated
reaction rates in the perturbed compartment by 20% would change
the total production and absorption in such a way that the
overall k-value of the whole assembly would not be altered
significantly. This is an example of an accurate calculated
k-value not necessarily being an indication that all other
parameters of the assembly are well predicted.

Six organisations involved with criticality assessments in the
UK carried out calculations for the blind-benchmark subcritical
assembly in the skip. Each compartment contained 52
3%-enriched U0, pins and the k-value was measured to be
0.711+0.0015. Most participants used MONK6.3, one used MONK5.3
with a correction based on previous analyses and one also used
KENO. All the calculated results showed satisfactory agreement
with experiment.

5 Shielding

5.1 Benchmarks for Neutron Data Testing

The series of Winfrith data testing benchmarks has been
expanded by the completion of a stainless steel penetration
benchmark mounted in the ASPIS shielding facility located on
the NESTOR Reactor. The experimental data, including integral
reaction-rate and differential spectrum measurements are
currently being analysed using the Winfrith Monte Carlo code
McBEND, the three dimensional finite difference diffusion code
SNAPSH and the discrete ordinates code DOT.

The stainless steel benchmark is the starting point for a fully
integrated three year programme, JANUS, for fast reactor
shielding. The programme will follow the step by step
approach, so successfully used in the UK thermal reactor
programme, to go from single material data testing benchmarks
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through to more specific problems such as mixed steel/B Cc
shields and local shielding for intermediate heat exchangers.
The work is being carried out as part of the European Fast
Reactor Collaboration and several shield components which have
already been used in the JASON programme in HARMONIE have been
borrowed from Cadarache.

5.2 The Winfrith Transportable Neutron Spectrometer (TNS)

Winfrith have developed what is believed to be the first truly
transportable neutron spectrometry system. Twenty years of
experience with spectra measurement have been incorporated into

the design which is based on proven laboratory techniques. The
TNS comprises: '

1) A probe unit containiﬁg the detectors:

i) An organic liquid scintillator for the
detection of neutrons of energy greater than
1MeV.

ii) Three spherical proportional counters filled
with hydrogen to different pressures to cover
the energy range from approximately 50KeV to
1.1MeV.

iii) Bare and cadmium covered BF, chambers to
provide a measure of the thermal and epithermal
flux.

2) A main unit housing the main nucleonies (main
amplifiers, ADC, multi-channel buffer etc).

3) A computer-based control and analysis unit for
performing on-line analysis of the proton recoil data
to provide spectra and an assessment of neutron
dose-rate. It is noted that any change in the
neutron quality factor (ie dose effectiveness) can be
readily accommodated.

The system has been configured such that it can be used by
staff without specialist skills in spectroscopy. It has
application in research environments where a laboratory
spectrometry capability is required; in health physics
situations where it can be used to calibrate integral neutron
dosimeters and provide an independent measurement of
dose-rate.

The TNS has been used successfully during six separate
measurement campaigns on operating nuclear plant under a wide
range of operating conditions.

AEE Winfrith : September 1987
Dorchester :
Dorset
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UNITED STATES

Reactor Physics Activities in the United States
A Report to the NEACRP
P. B. Hemmig
U. S. Department of Energy
Washington, D.C. 20545

Introduction

Reactor physics activities in the U. S. have continued to support the
design of advanced 1iquid metal reactors emphasizing improved economics,
nigh reliability, and passive safety. Major efforts have been focused on
the General Electric (PRISM) and Rockwell International (SAFR) modular
reactor concepts which utilize metal core designs. Additional studies at
Westinghouse AESD have designed backup oxide cores for each reactor.
Various large core design options have been studied at ANL and WAESD.

Tests in EBR-II and FFTF are continuing to demonstrate LMR passive safety
characteristics and to validate calculational methods utilized in the
design of passive safety features for advanced LMRs.

A series of critical measurements on large axially heterogeneous cores is
in progress at ZPPR in a cooperative program with PNC/Japan. A joint
DOE/PNC program of shielding benchmark measurements also is being carried
out at the ORMNL Tower Shielding Facility to improve the accuracy of
advanced LMR shield designs.

Critical Experiments

Two measurement programns have been carried out at ZPPR in the past year. A
benchmark space reactor program in the fall of 1986 was followed by the
third cooperative JUPITER program between the USDOE and PNC of Japan.
Several advances in measurement techniques and calculational capability
were also made during the year.

The space reactor program, designated ZPPR-16, tested three critical
configurations. Each core was built from enriched uranium, graphite,
sodium and stainless steel. The first assembly had 13 internal control
rods, with 7 rods designated as operating rods and 6 as safety rods.
Hithdrawn rods were replaced with Be0 followers. A thin Bel reflector
surrounded the core. The second configuration had only six internal safety
rod positions and a thicker Be0 reflector, modeiing a design capable of
external control. The third assembly was a safety test in which the core
was “flooded™ with poiyethylene and the internal B4C rods were fully
inserted. The ZPPR-16 program was described in the open sessions of the
4th Sympesium on Space Nuclear Power Systems, January 12-16, 1987,
Albuguerque, NM.

The JUPITER-IIT international cooperative program between the USDOE and PNC
of Japan began in January 1987, with experiments scheduled throughout
calendar year 1987. Tests have been completed on the first assembly
(ZPPR-17), an intermediate-size, axially heterogeneous LMFER. The second
assembly, a conventional design of 8500 liter core volume, is presently
being loaded.



New experimental apparatus has been designed and built during the year,
largely for the purpose of dynamic reactivity measurements. The apparatus
has emphasized reactivity due to mechanical motion such as expansion or
bowing, although the concept is applicabie to changes in material
composition or density. The apparatus has been successfully employed in
sodium coefficient measurements,

The principal calculational capability advancement is the development of an
automated reactor modeling code that utilizes a newly employed materials
‘data base. This new capability potentially saves hundreds of lines of
input and makes resolution of the model and the actual reactor loading much
‘easier. Input decks have been generated with this system (NIPPER) for the
IPPR-17 cores. A more complex version of the code {called BUILDVIM) is
capable of producing detailed VIM Monte Carlo input down to the cladding
and gap level.

A gamma heating analysis capability is just about ready for routine
application. In this area, experiments have advanced much more rapidly
than analysis capability, and the latter is just starting to catch up. A
new 3D nodal perturbation capability is also in place.

Passive Safety Tests

Analyses continued for three tests conducted with the FFTF during FY 1986,
These tests were part of the Passive Safety Testing program at WHC whose
purpose was to demonstrate and accurately quantify the characteristics of
the FFTF which make it respond automatically to mitigate the consequences
of off-normal events. These data will eventually be used to upgrade
existing system models of liquid metal reactors so that similar
characteristics of future, advanced reactor designs can be predicted with
confidence.

The first of the three tests resuited in data for 198 reactor steady state
conditions. The thermal-hydraulic data were normalized to a thermal power
assessment at each state., Control rod position changes were converted to
reactivity based on accurate calibrations of the rods at zero power, with
corrections to the positions for burnup reactivity losses. The states were
selected so that the reactivity feedbacks due to fuel temperature changes
could be easily extracted.

A preliminary analysis indicated that the fuel reactivity effect (Doppler
and axial fuel expansion) could be separated from the structural effects.
In particular, it was found that the fuel axial expansion effect in the
burned core was less than for a new core (as expected). It was also
Tearned that the core inlet temperature coefficient (core expansion) was
larger than earlier anticipated. Finally, it is tentatively concluded that
bowing is monotonic for power-to-flow ratios less than unity in FFTF.
Analysis of the highest power Loss-of-Flow-Without Scram (LOFWOS) dynamic
tests using the Gas Expansion modules (GEM) was performed using the
SAS4A/SASSYS core and systems analysis code. Use of the SAS4A/SASSYS code
provides the mechanism for validating the reactivity feedback models used
for the safety analysis of the SAFR and PRISM innovative reactor designs.
An effort was also initiated to use the General Electric ARIES-P systems
code to analyze the LOFWOS tests.

....
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The second test consisted of a rapid reduction in flow rate without
compensating control rod movements., Initial evaluations of the data
indicate the negative reactivity feedbacks appear faster than current
models would predict. This causes the reactor power to drop faster during
the initial Tew seconds of such an incident and noticeably reduces the
amount of heat that must be removed.

Loss-of-T1ow tesis Trom power levels up to 50% full power were conducted as
the third test series. This series included tests down to pony motor flow
and tests all the way down to natural circulation. Special reflector
assembiies {GEMs), which contain sodium when the pumps are running and only
gas when the inlet pressure drops due to cessation of pump flow, were in
the reactor for this test series.

Core Demonstration Experiment

For the Core Demonstration Experiment (CDE) core, an exhaustive design
approach was taken because of the increased uncertainty of refueling Rows 1
through 3 and part of 4 with a heterogeneous arrangement of fuel blankets.
This approach included analysis, using the latest ENDF/B cross sections, of
reaction rates measured in early FFTF operations. Adjustments were made to
the neutron cross sections, based upon measured reaction rate data, to
reduce differances between measured and calculated parameters., These
adjustiments, primarily in U-238 capture, were particularly important for
predicting reactivity changes with burnup in heterogeneous configurations
Tike the present CDE core.

Space dependent, energy independent axial bucklings were used for the first
time to account for axial neutron leakage in 2DB calculations. Previously,
these bucklings were also space independent. Three-dimensional
calculations of the core were used to calculate the axfal buckling for each
assembly in the core. This increased complexity was required for the
axially blanketed heterogenecus nature of the CDE core.

Criticality and fission rate biases were computed for the CDE core using
the ENDF/B Version 5.2 adjusted cross sections. These biases were
particularly important since the total reactivity changeout (positive fuel
and negative blanket contributions) was five times greater than for any
previous cycle reload. The objective was to balance shutdown margin and
cycle Tength to give a good assurance of adequate shutdown margin and
sufficiently Tong (100-150 EFPD) cycles.

The CDE core veload design was accomplished and FFTF was brought to power
without the aid of critical assembly experiments. The actual measured
secondary control rod shutdown margin of 7.70$ was 82 cents less than
predicted. The actual cycle length was 137.7 days at 291MW (EFPD)
(approximately 8 EFPD added by a driver replacing a breached test 30 days
into the cycle) while the prediction was 125 EFPD (291MK).

The methods described are still being used at FFTF. Good calculation to
measurement agreement has been observed for subsequent cycles.

NS
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Isotope Production

The first FFTF isotope production test assembly was removed from the
reactor after one cycle of irradiation, and the test pins were recovered
and examined. The purposes of the test were (1) to validate physics
calculations of Co-60 production, and (2) to produce a large quantity of
high quality Gd-153, an isotope used for early detection of the bone-
thinning disease, osteoporosis., The test assembly contained isotope
production pins (thirty two cobalt pins and four europium oxide pins)
interspersed with yttrium hydride pins, and was located in the inner row of
radial reflectors (row 7). The hydride material moderates high energy core
neutrons so that the neutron capture response for alil isotopes is
predominantly in the epithermal region (1 eV to 1000 eV). Continuous
energy Monte Carlo calculations with the MCNP code were used to perform
detailed neutronic analyses of the test assembly and to predict final
isotopic concentrations. Preliminary results of Co-60 and Gd-153
concentration measurements agree with calculational predictions within 20%,
which is encouraging given the complexity of the calculational problem.
Interest has been expressed in several other isotopes; and in almost all
cases,it is believed that useful material can be produced by activation in
a hydride assembly in FFTF, The limiting prediction uncertainty in most
cases is likely to be due to uncertainties associated with target isotope
capture and fission cross sections. Although the epithermal spectrum is
advantageous for production of many isotopes, uncertainty associated with
target material resonance shielding effects has in the past complicated
making credible estimates of isotope production capability. As a result of
the cobalt test, much of this uncertainty has been removed.

During conceptual design of the test, it was recognized that thermalized
neutrons exiting the test assembly would cause power peaking in adjacent
fuel pins. Experimental support was deemed mandatory to confirm design
methods, and ANL-West/ZPPR physicists designed and successfully performed
experiments on fuel fission rate peaking. A coordinated analysis effort
between ZPPR and WHC personnel resulted in validation of the MCNP design
calculations, which in turn enabled irradiation of the isotope production
test assembly with high confidence that adjacent fuel pin power peaking
would be within FFTF technical specifications. -

Physics Calculations for Metal Fuel Core

Neutronic calculations for an FFTF full metal fuel core at the beginning

and end of an equilibrium cycle were made using a set of neutron cross
sections self-shielded for the appropriate environment. In addition to the
two-dimensional reload design type calculations to specify fuel enrichments,
this work included three-dimensional calculations of control and safety rod
bank worths, individual rod worths, burnup reactivity loss rate, and power
defect. A joint effort by Argonne National Laboratory (ANL} and
Westinghouse Hanford Company ?WHC) is underway to determine the magnitude

of biases in calculated values of physics parameters for a metal fuel core
for FFTF,
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Decay Heai Monitoring

A detailed calculational monitoring of decay heat for each assembly in the
FFTF plani is now realized by utilizing a decay heat data base and a user
friendly SYMPHONY computer program to access the data base on an IBM-PC.
The output is tailored to the day-to-day needs of operations and fuel
management, and includes the time-dependent decay heat for an assembly or a
specified set of assemblies. The SYMPHONY decay heat data base is updated
periodically, including certification, at the end of each irradiation cycle
using output Trom neutronics calculations on a mainframe computer.

Shielding

Measurements Ffor the first experiment in the U.S./Japan collaborative
shielding research program {(JASPER) were completed in October 1986 and
analysis of the experiment is in progress at ORNL and in Japan. The
experiment, which consisted of steel, graphite, and boron carbide slabs
arranged in either benchmark configurations or design-representative
mockups, provided important verification of the latest evaluations of the
relevant cross sections. Specifically, a recently prepared iron evaluation
was Yound to give improved agreement with the measurements above 4 HeV
retative to ENDF/B-Y (Mod. 3) data. More significantly., the latest
boron-11 evaluation yielded considerably better rasults compared to the
ENDF/B-Y data due primarily to changes in the total cross section at 1 MeV.
In both cases, the newer data helped to reduce the nonconservative
underprediction of neutron transmission through the shield mockups.

The second JASPER experiment was completed in March 1987 and consisted of
homogeneous and heterogeneous mockups of the fission gas plenum region in
an LMR fuel assembly. The purpose of the experiment was to verify earlier
analyses, which predicted neutron streaming factors of 1.3 and 2 for the
two different L/D ratios studied in the experiment. Measurements for these
two L/D ratios, however, showed no observable streaming enhancement for the
heterogeneous mockups relative to the homogeneous mockups. Detailed
postanalysis is in progress in order to understand the current discrepancy.

Test components for the third JASPER experiment were fabricated, but
measurements will not begin until the Tower Shielding Facility is
restarted. The experiment will provide data on the relative effectiveness
of different materials and different geometries for axial shield designs in
an LHMR,

Shielding analysis supporting the design of advanced LMRs and MHTGRs
continued with emphasis on determining design margins and flux monitoring
options. Trade-off studies indicated a potential savings of more than §1M
for a typical 300 MwW(e) LMR module due to the weight and size advantage of
using1boron carbide to replace some of the sieel shields within the primary
vessel,

Nuciear Data

Development of the ENDF/B-6 nuclear data file is continuing through the
CSEWG evaluation activity. Preliminary data testing of the standards
evaluations has been completed. The results indicate some improved
agreement with integral experiments. Significantly improved evaluations
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are expected for the major fission and fusion materials, Be-9; B-10,11;
Cr-52,53; Li-6,7; Fe-56; Ni-58, 60; U-235, 238 and Pu-239 240 241, In
order to meet the goal of a mid- 1989 issue date for ENDF/B-VI it will be
necessary to reduce some of the original ENDF/B-VI objectives for
evaluations of fission product cross sections, decay spectra, refractory
materials, and some of the higher actinides.

Methods Development

Studies of nodal transport-theory methods are continuing. It has been
found in some cases that nodal transport computations have not been
sufficiently accurate. For example, computational results have sometimes
worsened when the mesh was refined. Recent ANL work remedied a weakness in
the differencing method which contributed to this phenomenon. The changes
in the nodal equations have improved the behavior of the transport
solutions so that accuracy improves as the mesh is refined. Another
important weakness in nodal transport codes lies in the coarse treatment of
the angle dependence of the transverse leakage. In the past, when more
rigorous transverse leakage treatments have been put in nodal transport
codes, it was often found that the iterative solution process diverged.
Previous changes in iterative strategies could force the solution to
converge but were slow. A new iterative process under study with rigorous
transverse leakage treatments appears, in test computations, to be
considerably faster, though more tests are needed for confirmation.

Work on the COMMIX thermal-hydraulic code has focused on the numerical
methods by which structure-fluid interaction is treated in the energy
equation. It now seems that attempts in the original code to make this
treatment implicit were not successful, and an improved implicit approach
is now being implemented. Very early tests suggest that this change may
cut running times considerably. In a separate effort, an automatic time-
step control algorithm was added to the code during the past year.

A rigorous pole representation of the multilevel cross sections which is
particularly amenable to reactor physics applications has been developed
and generalized to accommodate all £-states of practical interest. The
method requires a one-time conversion of the R-matrix parameters to pole
and residue parameters in momentum space, where the collision matrix is
single-valued and meromorphic. The WHOPPER code developed for this purpose
has been completed and tested for cross sections at a wide range of energy
and temperature. Test calculations have demonstrated that the rigor of the

Reich-Moore formalism is, indeed, preserved for both heavy aad intermediate

nuclides. Work is underway to inc]ude this option in the MC
system.

2 code

Refinements have been made to an alternative method for Doppler broadening
of point-wise cross sections based on the solution of a finite-differenced
heat equation; this method is under consideration for the processing of
data for the VIM Monte Carlo code. A recurrence relation for the pertinent
coefficients required at a given temperature step has been derived to
improve the efficiency. In addition, the computational eff1c1ency is
further enhanced by a newly developed analytical expression for these
coefficients in the case of extreme broadening. The advantage of the
proposed method over the widely used Crank-Nicholson method has also been
demonstrated by numerical tests.

TG
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After a study of several methods of computing the worth of fuel assembly
motion, a technique which uses a special number-density weighting scheme
was chosen for use in design studies. Other methods, which generally were
forms of boundary perturbation theory, gave good results but were more
costly to implement. As part of the work,studies were made of the effect
of batch-averaging on fuel motion worth analysis and the effect of
streaming on core-expansion and fuel-motion worths,

Work began to convert some ANL production codes to the VAX/VMS operating
system, The DIF3D code was brought up on an Alliant multiprocessing
computer, and an IBM, fully-Fortran-77 version of the Los Alamos TWODANT
transport code was made available through code centers. Work began to
extend ANL perturbation-theory calculational tools to two-dimensional Sy
transport theory and to fuel-cycle analysis.
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REACTOR PHYSICS ACTIVITIES AT THE JRC-ISPRA JRC-ISPRA
(September 86 -.August 87)

by H.RIEF

Commission of the European Communities
JOINT RESEARCH CENTRE
Ispra Establishment

REACTOR CORE PHYSICS
Perturbation Analysls with KENQEUR

The intensive testing of the Monte Carlc perturbation schemes
realized in KENEUR has led to further improvements of biasing
schemes used in correlated tracking.

About 30 sample cases dealing with a large variety of possible
perturbations have now been prepared. They will be part of the

code package to be distributed after approval by the JRC
authorities.

A good example for the potential of KENEUR is the analysis of
a fast reactor loop experiment which has been performed in a
light water «cooled driver assembly called SCARABEE at
Cadarache. Fig. 1 shows a horizontal cross-section of the
Monte Carlo geometry mock-up a8 it has beéen used in the
calculations, The design was generated by PLQTGEOM.

In a measurement the difference of power generation in the
test loop was determined as a function of the material of the
hex-can surrounding the 37 pin fuel bundlé. In one case the
hex-can consisted of a sheet of 1 mm titanium in the other
casa of one of 2 mm stainleas steel. In a KENEUR material
replacement calculation the differences of the elements of the
eigenvector (of the fission matrix) were determined. (As is

well known they are proportional to the spatial neutron power
distribution).

Despxte the fact that only less than 0.7% of the system's
power is generated in the test loop, the relative difference
between the two configurations (materials) could be evaluated
with a low statiatical uncertainty. A comparlson between

calculated and measured values is shown in the following
table.

Coupling n*Y power in n- power in n power in idem,
factor test bundie test bundle test bundio JRC calcul.

Essai th.core power th.core power th. core power

APL 3 7,35 E-3 6,33 E-3 6,70 E-3 6,75 E-3

APL 2 6,4 E-3 5,38 E-3 5,70 E-3 5,47 E-3

In the frame of a joint international safety study to which
also the JRC participates KENEUR is now being used to
interprete the neutronics of loss of coolant and melt-down
experiments performed in SCARABEE.
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Experience has shown that the input specifications of complex
3D geometry descriptions as they are used in Monte Carlo codes
can only be validated efficiently by graphical display
programa. To plot the geometry input of KENO-IV a code, called
PLOTKENO, has been developed and tested. It plots the lines of
intersection with planes specified by the user. 2aAs an
extra-option the media specifications of different geometrical
regions can be printed onto the design.

The program is composed of the geometry part of KENO-IV (V)
and the program PLOTGEOM?) developed by R.Jaarsma in 1972.

The input specifications for PLOTKENO consist of the Parameter
Iinput and the Geometry Input Data of KENO-IV and a set of
Input Data for PLOTGEOM.

Due to the "ARRAY' structure of KENO-IV drawings have to refer
to a superimposed coordinate system. An ARRAY consists of a
threedimensional composition of BOXes. The content of a BOX is
described in terms of an individual coordinate system. The box
type arrangement is governed by an "ARRAY DESCRIPTION" in
which the lower left corner of box (1,1,1) coincides with the
origin (0,0,0) of the coordinate system of the drawing.
PLOTKENO uses the geometry section of KENO-IV in a manner
similar to a random walk problem. It determines the points of
intersect.ion between a geometrical structure and a grid of
lines of flight. From these intersections a picture,
representing a cross-section of the geometry is generated.

The plot routines are standard “"CALCOMP" system routines.

¥ m tr

The 3-D hex-z nodal transport and diffusion code HEXNOD, which
is needed for the European Accident Code, has been further
developed and benchmarked by KWU. A review of this work is
presented by KWU in the German Progress Report.

The reactor dynamics code Cassandre, from Mol, Belgium, is
presently being modified by the Universite Libre de Bruxelles,
so that it can be coupled with the nodal HEXNOD code. This
work is supported by a JRC contract. The coupled system will
then be linked to the EBuropean Accident code which requires a
3-D neutronics for taking azimuthal incoherencies into account
and a dynamics treatment because molten fuel motion causes
considerable flux shape changes.

RADIATION SHIELDING

lron and Sodium Deep Penetration Benchmarks

The interpretation of the EURACOS shielding benchmarks has
been completed by a detailed Monte Carlo analysis using an

almost exact 3D geometry model and point cross sections. The
calculations were carried out by MCNP in conjunction with an
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optimized splitting procedure developed in behalf of ENEA by
A.Dubi (Ben Gurion University, Beersheva; Israel). Two cross

section libraries were applied: the original MCNP- lzbrary and
JEP-1.

In both experiments, iron ( 100 cm penetration depth) and
sodium ( 400 cm penetration depth) the attenuation factors for
fast neutrons measured by the S(n,p)P reaction are of the
order of 107

The compariaon with calculated: wvalues shows for Dboth
experiments and both «cross section sets an excellent
agreement. The difference - between calculations and
measurements remains even at large penetration depths below
30%, as can be seen in Fig.s 2 and 3.

SAPETY OF PUSION TECHNOLOGY
1. Quidelines for Shaliow Land Burial

This sutdy aims at determining the acceptability of natural
elements as constituent for fusion reactor material fromthe point
of view of limited long-lived radioactivity, so that the material
could be recycled, or disposed of by near surface burial.

Previous studies (1) have shown that the "structural materials
contain the largest fraction of the radicactive inventory of a
Tokamak reactor. The reduction of this fraction is the goal
for the developoment of low-activation’ mater_i_als

From the point of view of the potential environmental impact
and cost, it is  highly desirable that the induced
radioactivity decays in a relatively short time, so that the
disassembled parts may be withdrawn from the intermediate
storage for recycling and reuse within not more than 100 years
and that - when this is not possible - the final disposal
could be performed by Shallow Land Burial (SLB) and not in
other, more sophisticated and expensive repositories.

Norms concerning final repositories are different from one
country to another, rather incomplete and focused on fission
wastes. Reference will be made in the following to the US code
which is the best known. The disposal of radiocactive material
in SLB in the USA is controiled by the Nuclear Regulatory
Commission's document known as 10 CFR 61 (2).

The acceptability of rad-waste for SLB 1is based on the
concentration of radionuclides: first the long-living isotopes
Cl4, NiS9, Nb94 and Tc99, are considered (actinides are not
included here); then the relatively short-lived isotopes Ni63,
8r9%0, Csi37 are taken into account.

These norms do not fix any limit for radioactive nuclides not
explicitly mentioned in the table. According to them, there
would be no limit, for instance, to the use of Ag in fusion
reactor materials since the long-lived nuclides produced by
silver are not mentioned in those tablea. The same could be
said for Bi, Pb, Al and many other elements. Actually, these
norms are focused on fission wastes and may not be simply extended
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to fusion reactor materials. In order to assess whether fusion
wastea would be suitable for SLB, it is necessary to determine
the radioactivity concentration limita for may other nuclides
not mentioned in [2]. For this purpose, an approximate procedure
has been devised to determine the concentration limita of long
living nuclides in SLB, taking into account three main parameters

£3]

- the gamma source density S
the biological hazard Y
the half-life T.

2. A_new activgtion cross section library

From the knowledge of the activation cross sectiona of the
isotopes and of the decay properties of the radioactive
nuclides, it is possible to predict the long-term behaviour of
the radicactivity of an element that has been irradiated in a
component of a fusion reactor.

In particular, it is possible to determine the maximum weight
fraction (MWF) of each element in a mixture, so that the
post-service activity does not exceed a given value.

|

In order to perform these calculations it was necessary to
develop a large data base containing activation cross section
of all nuclides of interest.

This work, carried out as part of a research contract (4), has led
to the creation of a new file, called REAC-ECN from the REAC
library (5), with a number of additions and changes. The file
contains cross section data for the reactions of all stable
nuclides and all unstable nuclides with T greater than one day.

3. Element acceptabliity for Recygling and S(B

Table 1 reports the results of calculations, which have been
performed for all the stable elements. It gives for each element
the maximum weight fraction (MWF) which might be present in the
new component, so that - after service in the first wall for an
eguivalent life of 10 MWa/m? - the conditions for recycling (R) or
shallow land burial (SLB) are satisfied, respectively.

The data listed in Table I should be considered as a first
approximation which is wuseful for making selections and
orienting the research on new materijials in the direction of
the low activation materjials. For nearly all the elements,
the conditions for SLB are more relaxed than those for R.

The data of Table I hold for a first wall which has suffered an
integrated wall loading of 10 MWa/m?. They can be extrapolated to
other values of the integral wall 1loading or to other
components.

As the distance from the first wall increases, the total
neutron flux decreases rapidly and the conditions for R and
SLB become more relaxed.

The results reported in the table indicate that the recycling
after operation in the assumed conditions, will not be allowed
until the presence of critical impurity elements (Ag, Eu, Tb,
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TN

Maximum weight fraction cllowed in t.he ‘W to fulfil the requirements
- for recycling and SLB, after 10 Mya/nl

Element Recyeling SLB Element ‘Recycling - SLB Element ‘Recycling SLB
t H NR NR 25 #n NR ‘NR 62 Sm 10 0.3
4 Be NR NR .26 Yo NR NR 63 Eu (0.2) 0.01 0.12
SB NR" "NR 27 Co ‘5 5% 64 Gd 1 10-50
6C NR NR 20:N4 el B 2% 65 b (0.5) 0,01 2
7N NR 0.: l% 29 Cu 0.1 % V5% 66 Dy 10=-50 0.1-0,5%
80 NR ‘NR 30 :Zn 80 - 30% ‘67 ‘#0{0.01) 0.05 1
12 Mg NR iNR 39X .ua MR 69 Br 1-10 100
43 a1 100-500 0.5% 40 -Zr A=5% 10% ‘69 Tm ‘100 - '0.3%
14 81 20% ~‘NR 41 :Nb 1 40 1 Lu 1 10 %
15 P NR HR 42 Mo ‘50 500 72 HE 0.1 0.1%
168 NR ‘20% 46 Pd :40~50 0,5% 73 Ta 50 ‘NR
19 X 100 0.2% 47 :ag (0,5) 0.01 2 4 W. 0.5 S~10'%
20 Ca 0.4-1% 353 48-cd .20 ' ao,.;z-:% 75 Re 500 0.3
23 v NR ‘MR 55 .Co :zzoo-'s.oo un 77 1¢ (0.1) 0.1 ’ 10
24 Cr ‘NR ‘NR ‘56 ‘Ba 30-50 50% 78 Pt 50 B §
a3 pi 1 100

Units are ppm or weight percent (%)

NHRIno restriction . apply to this element

Values in parentheses are the minimum level of impurity attainable by present industrial methods



Ho, Ir) will be reduced below the levels that are attainable
by present industrial methods.

On the other hand, SLB does not seem to be heavily affected by
the presence of these impurities.

4. General romarks gnd conclusions

The two concepts of recycling and SLB have been applied as
indicators of the long-term radicactive behaviour of fusion
reactor materials. There are important gualitative differences
between the two concepts which should be stressed.

The capability of recycling components of fusion reactors is
esgsentially an economic issue. It is not clear at present

whether it will be more expensive to recycle old material or
to produce new material. Recycling should be more attractive
and more feasible for the outer components such as the shield
and the toroidal field coils, which have larger size, mass and
cost, and lower activation 1level. There is no reason to
consider recycling of the first wall as a critical issue. The
results of this study show that the presence of impurities
will very probably not allow recycling for any steel in the
first wall and blanket. The inner shield material could be
recycled if the composition is optimized, while the outer
shield material could also be recycled in the case of AISI
316. It seems that there is very little interest in developing
elementary tailored steels for the purpose of recycling.

R reliable solution of the waste problem woulé increase the
safety, reduce the environmental impact and improve public
accpetance of fusion technology. This goal should be pursued
for all components of the reactor, including the first wall.
AISI 316 as a first wall material would not ke suitable for
SLB, but an optimized material could be.

The development of low-activation materials for future fusion
reactor should rely on the use of the elements that allow SLB.

Relerences

1. Casini 6., Ponti C., Rocco P., "Environmental aspects of
fusion reactors™, EUR 10728 (1986)

2. Final Environmental Impact Statement, NUREG 0945, November
1382

3. Ponti C., "Low activation elements for fusion reactor
materials®, IAEA Tech. Comm. on Fusion FReactor Safety -
Cuiham, Nov. 1986

4. Gruppelaar H., Van der Kamp H.A.J., Kopecky J., and Nierop
D., Report to be published. Work performed under contract
with JRC-Ispra

5. Mann, F.M., Lessor D.E., and Pintler, J.5., "REAC nuclear

data libraries®, Int. Conf. on Nuclear Data for Basic and
Applied Science, Santa Fee, NM, May 1985.

- 176 -



ACTINIDE MONITORING

Non destructive assay (NDA) methods are being developed to
monitor U and Pu at the various stages of the nuclear fuel
cycle including the radioactive waste.

The instruments serve to support the nuclear safeguard

inspection of the IAEA and the EC. The present activity
covers:

1. Development of instruments and interpretation models

2. Setting up of a laboratory to test the performance of
instruments with a large number of different U0, and PuO
samples occuring at the various stages of the nucleaz fuei
cycle

3. Training of inspectors of IAEA and EC on individual NDA
instruments and in a simulated physical inventory (PIV) of
nuclear fuel cycle facilities.

1. Development of NDA instruments

Following NDA techniques are being developed and tested at
the JRC lspra.

1. Pu isotopic composition determination by high resclution
y-spectroscopy (Pu-meter)

2. U isotropic composition determination by large resolution
y-gpectroscopy (U unrichment meter)

3. Pu-mass determination by a determination of the spontaneous
fission rate via neutron correlation counting techniques
(Swift register, True Correlation Analyzer, Fast time of
flight multiplot analysis)

4. Pu-mass determination by calorimetry

5. U-mass determination by active neutron interrogation with

an Sb-Be (y-n) source (PHONID-instruments) counting prompt
neutrons

6. U-mass determination by active neutron interrogation with a
C£252 neutron source counting delayed neutrons (DUCA).

7. Automatised waste barrel counter applying neutron
correlation counting techniques.

8. Passive y-scanning (fuel rod scanner, MTR-fuel element
scanner, Segmented waste barrel scanner).

Most of these instruments are controlled via personal
computers which are equipped with a software for data
acquisition and interpretation to get the isotope composition
of the fuel mass using stored instrument and nuclear data.

2. Setting up of the Performance laboratory PERLA

During 1987 most of the U and Pu-standards for this laboratory
will arrive and become available for the calibration of NDA
assay instruments, and for testing their performance with
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respect to hard-and software.

The 1laboratory will be made accessible to none JRC-users
either via collaboration or customer contracts.

Samples consist mainly of material existing in fuel
fabrication facilities and are characterized by destructive
analysis performed in different laboratories:

1. A large family of homogeneous PuO, powder batches MOX
powders, pellets and pins for low and high burn-up with
various seizes

2. A reduced family of MOX powder of various size
3. A family with existing fuel pins of reactors

4. A family of samples with high enriched U (powder,
i-spheres, metal plates, fuel elements)

5. A family with intermediate enrichment
6. A family with low enrichment
3. Training

Training courses are being performed at the JRC on the various
instruments Jlisted under heading 1. These coursea can be
performed with small quantities of fissile material (up to
350g U or 200 g Pu) in the laboratories or for 1larger
quantities in the PERLA laboratory.

During July 1987 a "physical monitoring verification® exercise
of a Uranium fuel facturation plant for IAEA and EC safeguard
inspectors has been arranged. This course covered:

1. Instrument formalisation and calibration

2. Verification planning and verification measurements

3. Data processing to evaluate operator-inspector differences,
material balance evaluation and completion of inspection
report.

and took place in the PERLA laboratory.
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USSR

A REVIEW OF ACTIVITIES IN THE FIELD OF
FAST REACTOR PHYSICS IN 1986-1987

Vele Liatveev , I.P. latveenko

Paper to the 30°" NEACRP Leeting,
Helsinki, September 1987

I. BN-600 and BN-350 Reactors’

Liore than 6-year -old operational experience of the BN-600
fagt reactor atomic power station on the whole is considered as
positives The BN-600 power unit equipment has been mastered and
is operating reliably, that confirmg the vglidiiy of design prin-
ciples on the pool~type reactor and modular concépt of steam-ge-
neratore For the time of precommissioning work and nuclear power
plant operation the need of modifying certain elements and equip-
nent was brought out with the aim of”their updatinge This experien-
ce is realized at the developument of future reactor designs.-

By the beginning of 1987 the reactor has generated 21.5 nil-
liard kwehr of electric energy, for o nuuber of ysars the Bua=-600
avomic power plant has been operating with the installed capacity
plant utilization factor 72-74{% and is shut-dovm basically for
fuel handlinge The maximum core fuel burn-up is 7%, in individu-
al test assemblies the burn-up reached 9%. Efforts are attempted
to increase core fuel burn-upe Since the middle of 1986 the tran-
sition of the reactor to the new up-dated core was initiated.The
highest fuel rod thermal load é;ax 5 540 w/cn is known to be
realized in the BN-600 reactore Recently it has been settled to
reduce fuel rod thermal load by about 15% so as to eusure higher
reliability of fuel rods from the standpoint of further fuel burn-
-up increase and fuel cycle economics improvements It was obtai-
ned as a result of increaging the core height from 75 cu to 100 cm
with the same height overall dimensions ofﬁfuel assembliese. For
reactor transition to a new core a gpecial reload program was de-
veloped which was completed in sunmer 1987 under transient condi-
tions tae reactor operates in fact under fthe rated power and tem-
peraturs conditions, '
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In the course of the BN-000 reactor transition to the up-da-
ted core with three radial enrichment zones its basic neutronics
characteristics were measurede. Data of conirol and safety system
efficiency are given in Table 1s It should be noited that in the
rezctor there were used contrel and safety sgystem (C8S) rods with
various type absorbers-europium oxide, enriched and natural boron
carbide, as well ag of a "trap"™ itype with zirconium hydride and

nriched borone. Calibration charescterigtics of CSS rods also chan-
ged appreciably.

Experimental data ovtained at power reactivity factor measu-
rement have demonstirated a good agreement with the values nieasu-
red at earlier stagese. As to the evaluation of contribution into
yeactivity belance with regerd to thermal elongation of €35 drive
bors, the resultant data are indicative of ithe conservavion of

3

this carlief-measured effect nature and value { Col mm/°Cje The

sult wes the continuaiion of activities asseciated with the sge-

k
6]

crcn ¢f the warys to advance and to reduce the price of the exis-
ting clad leak-tigntuess control systems (CLYC) and the developument
of new techniquese. In this casge vhe sginplest nodels were utilized
~hilch reflect the processesg associated with delayed-neutron coxr-
risr tranafer in the reactor priuwary civceult coolunt (delivery ti-
olant flow rate etc.); evaluation eiperiments on neutiron

o
Tield perturbation by CB5 members were conducied on various pover

revels, neutron nolge diagnogtics is being developed with the use
of special unethods of mathematical processing {correlationsl, sta-
tigtical etCe)e

investigations on plutoniwn bulld-up in reactor lateral scre-
en fuel assemblies, plutonium build-up in waste core fuel assembli-~
es in the non-degiructive method, fissile isotope content control
in primary circult coolant were conductede The analysis has shown,
that the calculated data yield g fair prediction of burnt-up ura-
nium isotcope composition and plutonium build-up in lateral sgcreen
fuel agsenmbliess Plutonium content in fuel rodg of innev fuel as-
senblieg series is proportional to fuel burn-up fraction anéd in-
creases by (547)% in fuel rods neighbouring with fuel asgsembly
wrapper tubee
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Table 1

Relative efficiencies of various rod groups of the
- BH-600 control and safety system

e Rod April : Jaﬁuary

: s June
:  (group) : 1986 : 1987 : 1987
1¢ Shim rods 100 049040.02 0485+0402

2e Aufomatic control

rods 1 and 2 1.00 0083_4_"0002 0079i0002
3 Total safety

system rods

efficiencies 100 0087100 02 0.83:0. Q2
be Totel inner

annular row shin

rod efficiencies 100 008910001 Tel 2_'_1'_0001
5e Poval outer annulsr

" rovwr shim rod

efficiencies 1.C0 12740601 102440,01

Iotes: 1e In January 31987 praciically nclf vhe fuel elereuls
in the core were of the advanced type.

2¢ The resulft was not corrected for
veriation,.

eff

show

The resulis presented in the table that in the process of
trangition to the new core gignificant redistributions in rod
efficiencies have occureed, i.es, the centrasl rods became of
less efficiency and the peripheral ones- of a higher one.
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Jevelopuent and experimental verification was made for the tech-
nigue of uranium quantity examnination in primary circult sodium

(employing the solid-body track detector wethod-S3ZTD), ifs sen-

-10 g U235/ g Nae. The method employed enables

ug also to evaluate isotope composition of uraniwm contained in

coolant, which in its ftur makes it possible to identify the

sitivity is ~ 10

area of uranium ingress into ccoolante.

he BH-350 reactor is operating steadily with power output
750 LW utiliged for electric power production and sea wabter de-
salting. ’

Next year will be 15 years since the dgy of the plant coumi-
ssioninge The godium circuit equipment essentially exceeded the
design life-time anad its effective operaition is in progresse ux-
perimentval analyges on structural and fuel materials of the core
for the reactors bz2ing developed are under way on the reactor.
Standard fuel assemblies provide for the maximun burn-up 9%.

Experinmentel-calculated investigations of enerygy release
fields in periphery fuel agsemblies of the BN-350 reactor were
completed in 1986. The aim of the investigations was %o increase
the reliallify of predicting the performance of inpile storage
and lateral screen regionge

The measurenent was made for reactor radiusg distribution of
U235(n,f); U238(n,g“); Pu239(n,f); Unat°(n,f} reaction rates in
low enrichmeéent xegion cells, external screen and in-pile storage.
e maitioned reactionsg except Pu239(n,f) were measured by Tuel
assembly height in the extermal screen cell,The nLeasurement were
made in the method of activation detectors irradiated in the cor-
responding fuel assembliess The calculations were performed with
the use of the TRIGEX complex,

The difference of calculated and experimental values of nain

[}

reaction rates in low enrichment region cells and the screen =

Q-

a
as high as 5% except for Pu239(n,f), where the difference is 14%
(in the screen).
The disagreements in storage cells are within the limit of
5+3T%, in this case the calculated model reguires improvement.
Axial distributions of reaction rates in the screen cell in
tne central partaof fuel assembly (by the core neight) are predic-
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ted in the calculation with an accuracy not less, than 5%.Dis-
agreenients of calculation and experiment in and faces reach 2Ci.

2. Investigation at Critical Pacilities

Investigations of the BN-800 reector mock-up with axial he-
terogeneity went on at the BFS-2 critical facilitles. For the sta-
tes with semi-inserted and totdlly ;nserted reactivity compensati-
on rodg the critical parameters were determined, the core radius-
and height- distributions of fission reaction rates were measured,
the data on efficiency of shut-off rods mocks-up and reactivity
compensators were obtainede. '

The two-dimensional diffusive low-group (r,z) routine RADAR
provides the value K_,e= 04993 + 04995 taking into account the
heterogeneous correction estimate + 0,87 AK/K, in this cese the
error in K p due to agsenbly material concentration error does not
exceed 042% K/K.

The experimental height distributions of uranium-235 fissions
in the semi-inserted compensators model have a skewness up to 15%
in the radius of compensators location and 6% along the central core
&Xxise The calculation for the simplified (r, z)-model underrestima-
tes this skewness evaluatione. Late in the year the uraniwna fuel in
the core centre was substituted by plutonium.

Neutronics characteristics of simple models with plutonium fuel
(series BFS-49) were examined on the BFS-1 facility. In the third
version the diluent was hydrogen, in the fourth one- sodiume

The core radiug and height-digtribution of plutonium-239, ura-
nium-235, 238 figsion reaction rates are also evaluated with fair
accuracy 2-4% by the RADAR routine calculatione. The digagreement of
experimental and calculafed data in lateral and face breeder blan-
kets is conventionally abserved.

Experimental value of sodium reactivity void effect in the
BFS~49~4 centre is 30% lower, than the calculated value,

Experimental analysis of the effect of various hydrogen amo-
unts on the criticality value and the degree of neutron field dis-
tortion was -carried out, Experimental data preevaluation snows, that
nowadays the heterogeneous design of BFS critical facilities with
plutonium pellets does not allow the experimental results on hydro-
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gen introduction to be transfered on the core with real fuel as-
e i

riblies with reasonable accuracye Investigatiorns with fast pover

)]

ceactor fuel rods are reguired so as To obtain reliable data.

In late 1986 a4 the BFS-1 facility the BFS-53 assembly was
agsembled which was an advanced reactor mock-up using nmeteallic
fuel in the lower part of the core and oxide fuel in the upper
ones The core had the uranium metal-based central axial blanket
which in subsequent experiments was replaced by a zone consisting
of steel and sodium,

AL the COBRA facility the CBR-13 assembly was studied the
central part of which was made up of 16%-enrichment uranium dioxi-
de and chromium (and had Koo ®2 1),

Je Theoretical and Methodical Analysis of Activities
in the Field of Nuclear Data

Theoretical studies on improving the method of group congtants
preparation for reactivity factor calculation have been carried ons

=l

'he methoed of these constantsz preparation for the correct calcula-
tion of reactivity factors as a result of local material density
serturbation was developed in the traditionesl concept of linear
averaging of group cross-sectionge The essence of the developed

S

¥

approach consigts irn revealing spectral perturbation group cons-
tants.

To realize this approoch a complex of programues GRUKON-SPEKTR
was developed and is being modified. This complex of programmes
cdopts maximum of {the deteiled information contained in evaluated
nuclear data files for the purpose of obtaining spectral pertur-
bations in group ccnstantse It permits the consideration of resol-
ved and unresolved resonance structure of cross-sections directly
in neutron energy distributions, gives a detailed description of
both scattering anisotropy and in elastic gcattering processes.At
present the calculetions on the evaluation of refined method in-
fluence on an accuracy of neutron distribution funcitionals predic-
tion is under waye.

In the Tield of constant:

- evaluation weas carried out for the uncertainties in resonance
shielding end their Doppler increment in the range of unresol-
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ved resonances U-238, U-235 and Pu-239; _

- procesging of experimental data on spherical transmission for
structural materials was completed with an aim to determine the'
crogs-section of neutron drift under the U-238 fission thres-
hold; _ '

- the first version of the library of reference wacroscopic expe-
riments on fast critical assemblies was formed and the system of
congtants BNAB~78 was verified; , '

- development of application_program pack for the calculation of

| group congtants from evaluated data files - GRUKON-6 was accom-

plished. ' | '



SURVEY OF BEXPRRILENTAL STUDIES
OF PHYSICAL CHARACTERISTICS OF
BN-600 REACTCR

latveenko I«Pe, Evgeces A.Ya,.,, Zvonaryev A,V.,
Roslyakov V.F., Suvorov V.D., Mozhaev V.K.,
Skomorokhov A+Ce

Experimental Studies of Fundamental Reactivity
Balance Components

The fundamental reactivily balance components were repea-
tebly varied in the course of the BN~600 reactor operation in
1985-86+

A number of effects were ouly refined or reevalyated, which
do not make essential contribution into reactiviiy balance with
respect to life-time or determined at earlier stages with high
accuracy ( hydrodynamic and neptunium effects, isothermal tempe-
rature effect, prompt component of power effect and a series of
others)e

The efficiency of the BN-600 control and safety rods was
measured affter each overload in the rod-tripping method on the
pasia of rod-drop inversed kinetics (RDIK). 4nalysis of the expe-
rimental data on control and safety rods effeciency measurements
in the course of reactor operation has demonstrated, that the ef-
fect of various verzions of delayed neutron constants ( taking
into account burnup ) employed by the RDIK technique and depen-
dent on the specific isotope core compogition on the results of
control and safety rods efficiency does not exceed ~ 4%.

Efficiency of the compensation rods system changes insig-
nificantly ( in fractions of JBef-it slightly increases ( ~ 5%),
in terms of A K/K - it is actually constant). The neutron field
increase with the extraction of fthe internal ring compensation
rods in the core centre where the control rods are located was
observed result in the control rods efficiency increase and by
contrast, the insertion of internal ring compensation rods up to
the lower limit switch (LLS) reduces the efficiency of rods loca-
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ted in the core centre. In other words the efficiency of control
rods ag dependent on the position of internal and externsl rings
compensation rods varies more than 30%.

Calibration characteristics of individual control and safety
rods vary rather noticeahly as the compensation rods system mores
over the reactor run, Comparison of CSR calibration characteris-
tics obtained experimentally with the calculations (TRIGEX) has
shawn, /1/, that calibration characteristics of single rods of
internal and extermal rings compensations rods (I end 8) essepti-
" ally differ in the vicinity of the upper limit switch (ULS).This
may well indicate the variation in the nature of interference bet-
ween the compensation system rods as they are inserted into the
coree The compensation gystem calibration characteristic obtained
through calibration characteristics averaging for compensation
rods of the internal ring is & better approximation than an ave-
raged calibration cheracteristic on individual compensation rodse
The systemetic error of the meamns of compensation system effici-
ency measurement by measuring the efficiency of the lower section
of itg travel and the gubgequent recalculation by the calibratien
characteristic mey be not more than 3+ 5%. Systematic error of
reactivity margin (or reactivity effect compensated by compensa-
tion rods movement over a practically linear regionnof travel
(3004600 mm by rod-position indicator) does not exceed 2,5%.

The shut-off rodg officiency measurement have shawn, that it
slightly reduced as compared to the starting area (~ 7%), effi-
ciency of the shut-off rod-5 (meutron-tre type) appeared lower
(by ~ 15%) than efficiency of the remaining conventional shut-
-off rodse.

The power reectivity factor (PRP) was besically determined
for the initial period of reactor runs at the moment of BN-600
reactor's going criticél'(power'increase) after vefuellinge. This
ig due to the fact, that these are just the periods, when the com-
pensation system rods efficiencies were measﬁred. Comparative ana-
lysis of PRF values for the latest few runs has demonsirated an
agreement within the PRF error limits at rated output and levels
close to ike ' _

The BN-600 reactor transition to the modified core was ini-
tiated in August 1986 during the regular refuelling with the aim
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to improve specifications (the increase of fuel burnup fraction,
the decrease of energy strength over the =zone, longer times of
reactor runs etc.)

The transition is carried out succesgsively in several steps,
by way of partial substitution of conventional-type fuel assemb-
lies in each fuel handling by the modified ones.

By the present sime two steps have already been passed upon
which the BN~600 resctor core congists in half of fuel assemblies
of this or that type,» The basic neutron-physical resctor characte-
ristics were measured upon the completion of each step. Table I
presents the measurement results of the BN-600 €85 (control and
safety System) efficiency for verious steps of transition to a
new zone. A trend to sufficiemtly noticeable variation of CS5 ef-
ficiency is well-defined as the modified zone is being developed.

Efficiency of CS8S rods located in the core centre {(shut-off
rods 1,2; part of shut-off rods, internal ring of coupensation
rods system 146 ; central compensation rods) decreased as compa-
red to the data obtained when measuring at an "old" zone ( on an
average by ~6%). At the same Time the efficiency of compensaticn
rods gystem internal ring T+ 18 increased on an average by 23%. It
should be noted that in the external ring there is a number of
compensation rods members with boron absorber, whose efficiency
is a 25% higher than that for traditional ones on the europium

oxide basise

The power effect of reactivity was measured in the courge of
the BN-600 reactor's going into power after each reload by recor-
ding the reactor gtate after a period (1,0-2.0) hre and the sub-
sequent recalculation, and by introducing small reactivity pertur-
bations (1.0~ 2,0} # at various power levels. The obtained data

are given in Table 2,
Table 2

Power level,% : 47 : 32 : 47 :58 : 70 :80 : 90

Power facior of 1 052 1422 1 006 0.88 0,82 0378 0, 66
reactivity, @ /%
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Control and Safety System Efficiency

Table 1

Type and : April 1986 . : August 1986 Jenuary 1987
mumber of Lpefore transition): gtep 1 _step 2
rods : %K/ g s% K/ -z & % K/X 2 g
AP-I 0.248 34.6  0.239 34.I 0.2I9 3I.3
AP-2 0.261 37.3 0.242 34.5 0.20 3I.4
A3-I 0.527 75.3  0.5I0 72.9  0.487  66.7
AB-2 0.546 78.0 0.530 75.7  0.477  68.1
A3-3 0.644 92.0 0.587 83.9 0.483  69.0
A3-4 0.585 83.6 0.531 75.8  0.526  75.I
A3-5 0.467 66.7 0.448 84,0 0.457  65.3
A3-II 0.265 37.9  0.267 38,2 0.270 38.5
KII-TKI 0.380 54.3 0.374 53.4  0.345  49.3
KII-TK2 0.386 55.2 0.374 53.4  0.349  49.9
KII-TK3 0.372 53.1 0.354 50.6  0.349  49.8
KII-TK4 0.363 5I.9 0.360 5.5 0.33  48.0
KII-TK5 0,359 51.3 0.353 50.3  0.323  46.2
KII-TK6 0.3II 44.4 0.309 4.2  0.302  43.1
KII-TK? 0.277 39.6 0.298 42,5 0.371  53.3
KII-TKS 0.275  39.3 0.296 42.3  0.36I  5I.6
KII-TK9 0.286 40.8 0.286 40.8  0.367 52.4
KII-TKIO 0.297 42.4 0.295 42.1  0.294  42.0
KII-TKIT 0.285 40.7 0.285 40,7  0.382  54.6
KI-TKI2 0.267 38.1 0.268 38.0 0.370  52.8
KII-TKI3 0.257 36.7 0.251 35.9 0.273  39.0
KII-TKI4 0.234 33.4 0.239 34,2  0.340  48.5
KI-TKI5 0.246 35.2 0.256 36.6  0.380  54.3
KII-TKI6 0.270 38.5 0.283 40.4  0.277  39.5
KO-TKI? 0.264 37.7 0.271 38.7 0.352  50.3
KII-TKI8 0.253 36.2 0.273 39.0 0.300 42.8
KI-TKI 0.40I 57.3 0.386 55, 0,371  53.0

Note: Gross error of 085S efficiency determination
is ~ 2% + 4% {without error of ‘pef)
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The mean value of power factor of reactivity in the range
{0+ 97)% Nnom. was ~ 1.2 §/% , that is in a good agreement with
the PRF data obtained in the measurement at previons steps. To
evaluate the contribution of €SS drive barsg elongation into reac-
tivity balence (displacement of the true position of CSS members
with respect to the rod-pogition indicator) the members shut-off
rods 1,2 and compensation rods-1 were adjusted to holding-down
stiff c¢lip (HSC) in the course of heat-up and going into power.
The obtained data are shown in Table 3.

Table 3

Parameters detected with H3C measurenments

i H (mm) - HSC : Aversgged : Averaged
Reactor :ghut-off; shut~off icompen~ :outlef tem-: inlet tem~-
output trods—~1 srods-2 :sailon :perature ¢ peraiure
75 : : irodg~1 3 °C ;. °C
0 0] 5 5 230 230
260 4 11 15 280 303
1160 7 13 25 313 338
3245 11 18 25 326 420
60,0 20 22 - 342 503
90 23 27 - 344 519

The mean value of relative thermal elongation was (0.0840.1)
mm/°C, which is irdicative of the preservation of the nature and
value of this effect measured at earlier stages of reactor opera-
tion.

Experiments on Validation of Long-Term CLTC
Systems (Clad-Leak-Tightuess Control)

Taking into sccount an outlook for the further development
of fagt reactors, which provideg for the increase of nuclear fuel
burnup {up to 12415%) it is essential to search ways for advencing
and reducing the price of the existing CLTC systems and for develo-
ping new techniquesg, in this case the principal efforts are focused .
on the enhancement of sensitivity in these systems and on their
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utilization for operational preliminery localization (prelocali-

zation) of faulty fuel assemblies in the reactor core.

These ways can be the following:

- utilization of simple models reflecting the basic processes
asgociated with neutron-nuclide transfer in the reactor pri-
rary coolant (delirery time,'coolant consumption etce);

~ conducting experiments on neutron field perturbation by €SS
members at a certain level of reactor output;

~ conducting neutron noise diagnostics employing special techni-
ques of mathematical processing (correlational, statistical and
other methods)e. '

Simple models of primary circuit coolant motion based on
experimental data of sector sodium flow in the upper mixing cham~
ber of pool-type reactors (e.ge BN-600 and BN-800) may appear
fairly usefuls As opposed to alternative methods they, on the one
hend, provide core state monitoring at aly reactor operation con~
ditions (power increase, constant level), and on the other hand,-
due to common mathematical calculations, this method of localiza-
tion task solution can be included in the computer real-time ope=-
retion mode and provide operational monitoring of the core states

This approach for the solution of the set task can be for-
mulated in the general form as the determination of leak-untight
fuel assemblies position by the indications of a few delayed neutron
sensors (DN) which monitor coolant flows over individual regions
(sectors) of the reactor core. Within this approach simple mathe-~
matical expressions can be obtained, which associate count rates
of sengor pulses with the region of leak-untight fuel assembly
occurrence, In fact the task is reduced to solving the set of K-

- equations of the form:

a./Aé/a’f= -S’x(:é’). fg, B (t)

A i [ E S+ (B) Er  Bal?)

where Gzyuaé&zk
Ex B

ig count rate variation of the Kth detector;

is efficiency of recording with the DN-
detector; B
B.(t)- is a function taking into account neutron-
-nuclides decay for the time of their deli-
- Very to the K P~ detectors
G, (R)- is a function defining the relative fraction
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of neutron-nuclides hitting the x*"Pgetector

from the neutron-nuclide source (leak-untight
-

fuel assembly) with the coordinates R

The approach based on introducing neutron field local pertur-
bation in various core regions (with constant integral power) and
the analysis of delayed neutron gengor indications seems to be
pronising as compared with the alternative approaches to the so-
lution of faild fuel assemblies localization taske The above-men-
tioned approash(further over compensation technique) takes into
account common physical considerations-proportionalety of delayed-
- neutron preéursor yield fo the local energy release in the fa-
i1led fuel assembly locatlon.

The overcompensation technique advantages are due to the fact,
taat:

- 1o veactor design variations and gpecial-purpose equipnment deve-
lopment are required for realization of the technique;

- the location of failed fuel agsemblies is determined with the
operating reactor and does not result in the decrease of the
plant availability factor;

- the accirate determination of failed fuel assemblies coordina-
tes 1s feasible theoretically.

However, the practical possibilities of realization of the
mentioned advantages is defined by a great number of dissimilar
Tactors and requires a number of scientific and engineering prob-
lems to be solved.

The activities in developing the technique of failed fuel
assemblies location detection for the BN-600 and BN-800 reactors
based on the analysis of delayed-neutron sensor responses to lo-
cal neutron field perturbations, have been currently initiated.

The calculated and experimental works being under way are
focused on the solution of the following problems:

1e Development of the methods of detecting, isolating and
evaluating the effective signal in delayed-neutron sensor indi-
cationse

2e Development of algorithms for faulty fuel assemblies Jo-
cation determination.

3. Optimization of the technique charscteristics.

- 192 -



Experimental part of the activities wag carried out at the
Bl-600 reactor with the use of a standard delayed-neutron sensor
of the clad leak-tightuess control and compensation rods of con-
trol and safety systeim. |

Calculated part of the activities was carried out at the com-
puter SH-4 with the uge of a gpecially designed library APL - the
program of data analysis. The results of the three above- mentio-
ned tasks in short are reduced to the following.

The first taske |

Development has been made for the procedure of verification
of statistical hypotheses on delayed-neutron sensor signal varia-
tion as local neutron field perturbation are introduced, The pro-
cedure is baged on employing the bobtstrap technique, which allows
refusal of the detailed assumptions on statistical properties of
the signal and realization of a wide spectrum of various signal
characteristics for analysis.Fige1 represents histograms of mean-
signal level difference distribution prior to (XI) snd upon (Xz)
introduction of local neutron-field perturbations obtained in the
bootstrap methods Case a) corresponds to introduction of pertur-
bations in the region without failed fuel assemblies. In Case b)
perturbation is introduced in the vicinity of a failed fuel assem-
bly, that results in statistically significent increase of delayed-
neutron sensor indications ( ~97% =~ A >0).

Suggestions will be made on {the noise filtration methods
with the isolation of the component corresponding o local neutron
Tield variations in the deleyed~neutron sensor indications. Hew-
hard's control charts and non-recursive numerical filter based on
time geries adjustment by parabolas over a various number of points
(5¢11)e . ) l b .

To evaluate the sensor response at the introduction of vari-
ous neutron field perturbations the algorithm of linear regressive
analysis with factor significance evaluation in the boothsirap.
method was used. This approach allowed the normalized estimates”
of effects to be obtained and influence of introduced perturbation
non~equivalence to be excluded.

The second task :

“When solving the localization task the reactor core ig first
divided into I non-intersecting regions. The set of N equations
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to the geries of N experiments each reduced to neutron field de-
formation and delayed-neutron sensor indication measurenents

41/Z4==435P%324 -+ A.Véz'jig + ..t A V@rrjln
Aflz=A w;-f?,, “+ A sz‘?a + ... *+ AW&’M'?H

+
'

(I)
Ary=A (/}A/.'?d + 4 wﬂz'?z"" - +AVJ’VM 'ﬁ“’

where AM;- is the measurement of delayed~neutron count at intro-
duction of ith— neutron-field perturbation as compa-
red to the initial level {prior to the experiments);
A%J - is the measurement of neutron field in the jth-oore
region at introduction of ith- perturbation;
?é - 1s the value specifying the availability of failed
fuel rods in the ith— core regions

The problem associated with the solution of systen (I) is,
on the one hand, the need to increase the number of separated core
regions W s0 as tc¢ increase an accuracy of localization and on the
other hand, the regiriction for the number of experimenis Ne

The proposed way of solving this problem is based on emplay-
rent of group arguments conlrol method for the golution of system
(I)e In this case instructing and testing paris are isolated from
system (I)e The insiructing part is respongible for specially or-
ganized sorting of the solutions of various complicacy (by the num~
ber of areas containing failed fuel assemblies), and the selection
of a solution optimum in accury takes place in the testing part of
the system.

This way enables us, first, to evade the requirement M &£ ¥
and, second, to obtaine {(A4#®,a¥ ) solutions, which are data in-
put perfurbation-resistant.

Another approach to localization task solution being current-
1y verified is an algorithm based on the representation of relati-
ong (I) in the form of an unclear ratio. Advantages of this appro-
ach are the following:

—~ simplicivy of calculationg

- reduction in requirements for the completeness of the assigned
informaiion, in particular, on neutron field variationg

- feasibility of realizing common heuristics congiderations.
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Fruitfulness of the approach based on nuclear logic is con-
firmed st the analysis of data on the experiments on overcompen-
sation at the BN-600 reactor.

The Third taske

The reference directions of technique characteristics optimi-
zation is minimization of introduced neutron field perturbation
amplitude and minimization of time required for measurements.

In the firgt direction the technique based on the periodic
variation of CSS rod position and the analysis of intercorrelatio-
nal rod position function and delayed-neutron sensor indications
is being developed. Nowadays the dependences of sensitivity of the
technique under consideration on the signal/noise ration have been
obtained, . which permit the optimum amplitudes of the introduced
varietions to be gelected,

In the second direction the activities on emplaying methods
of experiment planning to¢ minimize the number of experiments N
and to select optimum forms of the introduced perturbations a¥
(from the standpoint of accuracy of evaluating ? Je

Ie Deteruwination of Plutonium Build-up and
Urenium Burn-up in Lateral Screen Fuel Assemblies

To evaluate the variations of energy release in the reactor
screen due to figsionofplutonium beingbuilt-up and 235U burn-up
the measurements were made for plﬁtonium content and fuel burn-up
of waste lateral screen fuel-assemblye.

Investigations were carried out with the use the specimen-
-witness techniques A specimen representing a capillary tube fil-
led with depleted uranium oxide of the same composition as in fuel
agsembly screensg was irradiated in one of the screen fuel assemb-
lies during the whole life-time., Upon onloading fuel assemblies
from the reactor the specimen was extracted from it and dispatched
to radiochemical analysis. _

Uranium end plutonium were reparated and their isotfopic com-
position was determined with the use of mags-spectrometer, d -spec-
trometer and { -gpectrometer techniques.

Burn-up of uranium and accumulated plutonium was determined by
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tiue build-up of Cs-137 and Ce-144 with the use of the J“-spectro-
meter technique, as well ag by the build-up of Hd-148 with the use
of masg-gpectremetry and isotopic dilution method. Calculated sna-
lysls of the experimental data was performed with the resgults of
the three-dimensional geometry reactor calculation in the code
TRIGEX. Results of the experimental and calculated data compori-
son are given in Teble 4.

Table 4

Comperison of Bxperimental and Calculaied Results
of Uranium Igotopic Composition and Plutonium
Build-up in Waste Fuel Assembly of BN-600 Reactior
Lateral Screen

Uranium 235 236 238
Calculation/ex-

periment 0.965:0.048 1400+0617 1+0000+0.0002
Plutonium-239

Calculation/ex-

perinent 10000+ 0,0008

Surn-up obtalned throngn averaging of the results for Cs-137,
Ce~144 and Hd-148 is 0e395+0.,010% te.aes 4s can be seen from Tab-
le 4, the calculation adequately predicts isotopic composition
of uranium and plutonium build-up.

Determination of Plutonium Build-up in Waste Fuel
Assemblies of BN-600 Reactor Core in Non-Destructive
Liethod

Gamma~-X-ray-spectrometric analyses of high-enrichment waste
fuel assembly region were conducted in the BN-600 reactor with
an alm to determine fuel burn-up and piutonium build-up.

Elementary plutonium-uranium ratio in individual fuel rods
of fuel assemblies wag determined. The technique of this ratio
determination is based on measuring uranium and plutonium X-ra-
distion excited by fission product J-quanta.
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Relative fuel burn~-up fraction was determined by the measure~
ment results of gelenium-144, ruthenium-106, cesium-137, stron-
tium-95 fission product J ~radiation intensity, as well as Mn-54
in fuel rod cladding /2/. '

In the course of measurements fuel agsemblies or individual
fuel rods moved in frout of the collimaitor in the hot cell wall
and were immobilized in the prescribed position with a special
devicee ,“‘

The results of relative burn-up fraction determination indi-
cate esgential variation of neutron flux in fuel assembly cross-
gectione. o '

Plutonium content in fuel rods of inner fuel assembly series
is proportional to fuel burn-up fraction and increases by (5+47)%
in fuel rods next to fuel assembly wrapper., This increase may well
be explained by spectrum softening in the vicinity of fuel assem-
bly wrapper, Wwhich is confirmed by the decrease of 54Fe(n,p) re-
action rate (threshold - 3 MeV) in the vicinity of the wrapper
tubes (by ~ 10%)e

Relgtive axial distributions of selenium-144 and strontium-95
fission product concentrations are in a good agreement with pluto-
nium concentration distribution since these products migrate in-
significantly.

The value Pu/y was determined over the whole fuel agsembly
making use of the measurement results of Pu/¥ spaece distributions
over the fuel assemblye.

The value (Pu/U) of the fuel assembly determined in this way
agrees with the calculated value:

M/c = 0.95 £ 0,04

Fissile Iaétope Content Monitoring in I-circuit
Coclant of BE-600 Reactor

The technique of fissile isotope (U>°, ©¥238) content measu-
rement in I circuit coolant was introduced at the BN-600 reactor
using the,yglid-body track detector method (SBTD) (sensipdy ity

1071 -g—ggr-—). The measurement procedure consists in the follo-
winge The sample of I circuit sodium is taken +to sgodium nitrate
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end is moulded into pellet later adopted as SBID radiators, Side-
-by-gside the reference pellet-radiators with the know uranium con-
tent are fabricated in the same technique.

SBTD with radiators of the sample under analysis® and the re-
ference one are irradiated in a high-density neutron fluxe. The fis-
sile isotope content in coolant is determined by the regsults of
comparing the number of figsgions of the sample under analysis and
the reference onees

In the investigations immediately following the low power
physics test of the reactor the values (3+3.5)-10'§U235/Q-Na were
obtained, that corresponds to the amount of uranium in the core
due to fuel assembly surface contaminations. Uranium surface conta-
mination of fuel rods was alsoc determined employing the SBTD met-
hod. For this purpose the fuel rods selected at fuel assembly fab-
rication were irradiated together with quartz SBTD fixed on them in
the thermal neutron flux with the known characteristicse As a regult
of the conducted measurements the values of fuel rod surface conta-
mingtion were obtained within the limits (2.545.5)21072 gU%3? /en?,

The method employed enables also the in-coolant uranium iso-
topic compogition to be evaluated, This is attained by irradiation
of gsamples in thermal and fast neutron fiux with the know value
of ratio éTf/?i;s s« The data on isotopic composition permit the
region, uranium flows into coolant from, to be determined.

(The figures mentioned in this report have been amitted).
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