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TECHNICAL SESSIONS

A complete 1list of all the papers presented at this meeting is given in
Annex 2. In the technical sessions five new topics were introduced and
seven toples were carried over from the previocus meeting. Following an
established practice, for each topic a committee member was assigned to

prepare a draft summary and these summaries were reviewed before the
close of the meeting.

1. New Togics

1.1 Status and Future Roles of 3n»D Deterministic Transport Methods
: (S, Nodal, Finite Element, ete.)

Rapporteur: S. Matsuura
Papers L-285, A~TO4 to A~T12.

The ten papers on this topilc covered various subjects., In the first
(L~285, FRG) progress of the synthesis approach for the treatment of
threeddi{mensional neutron transport was presented., Twordimensional
angle~mindependent trial~functions calculated with a Sp~code

DIAMANTZ are synthesized in the third spacendirection with solutions
from a diffusion approximation. First comparisons with a
three~dimensional Spncode agree in the elgenvalue to 0.1%.

Progress was also presented on a three~dimensional nodal reactor
analysis system based on equivalence theory and the burnup=corrected
nodal expansion method, A unique feature of the system is the
avoidance of any full core or quarlter core fine~mesh calculations.
In addition to these, the present status of development of 3D
diffusion methods in hexagonal geometry was commented on., Recent
effort 1is concentrated on new efficient perturbation capabilities
for the modular code system IANS,

Paper A~TO4 {Sweden) discussed the recent version of POLCA-~4 which
is a modification of POLCA-~3 nodal code for the calculation of the
3D core power distribution. During the development of the code, It
was found that the albedoa influenced the power distributfion, and a
sophisticated approach was necessary to find the appropriate

albedos. The procedure was presented to determine the desired
albedos,

Paper A~T05 (Japan) described a 3D neutron transport calgulation
based on a variational principle. The solution algorithm uses a
double finite element method, in which space and angle finite
elements are employed, A combination of triangular and quadrangular
prism elements is adopted to simulate the practical nuclear facility
configurations as accurately as possible and six functfons are
adopted as tentative bases in the angular space to smoothly
represent the angular distribution of the neutron flux. Two
numerical examples on FBR cores are presented and compared with the
two dimehsional S, code TWOTRAN=II., Other aspects for improvement
are identified. '



Paper A-T706 (Japan) presented a fundamental outline of the 3D
discrete ordinate code BERMUDA-3DN which solves a time-independent
transport equation for three-dimensional, rectangular,
multi-regional geometry using a direct integration method in a
multigroup model, Numbers of spatial mesh points on x, y and z axes
are extremely limited for computers available now, because angular
discrete ordinates comprize 80 points for each of the spatial
points. By this reason, the present version is a trial only to
construct a logical structure.

Paper A-707 (Japan) discussed a 3D radiation transport code,
TRISTAN. The code is based on the method of direct integration and
the usual concept of group theory and uses group-angle transfer
matrices from the double-differential c¢ross section data instead of
the Legendre polynomial expansion. Several techniques, such as
separation of radiation into two components and conservation of
radiation, are adopted from the standpoint of numerical accuracy.
Furthermore, two new techniques, stratification of the angular mesh
and a kind of forward-adjoint coupling, are introduced to enhance
its applicability to practical shielding analysis. The validity of
TRISTAN has been verified by good agreement with the Monte Carlo
code MCNP and with the experimental values in the analyses of the
JRR-4 streaming experiments,

Paper A-708 (Japan) presented the derivation of equations and
numerical calculations for the X-Y-Z three-dimensional transport
code TRITAC, developed on the basis of the discrete ordinates method
with the diffusion synthetic acceleration (DSA) technique. In
TRITAC, Larsen'’s scheme is extended to three-dimensional problems,
and the DSA method is applied not only to the inner iteration but
also the the outer iteration. The code was validated by comparing
numerical calculations with TWOTRAN-II, and the CPU time was reduced
by a factor of 3 compared with calculations with the rebalance
method.

Paper A-T09 (Japan) gave the calculational method of the
three~dimensional discrete ordinates transport code TRITAC in
hexagonal-3 geometry, developed for the analysis of LMFBRs with
hexagonal right prismatic subassemblies. Numerical calculations for
a simple test problem gave good agreement with results extrapolated
from TWOTRAN-II,

Paper A-710 (Japan) discussed the accuracies of two conventicnal
methods to calculate three-dimensional transport corrections, which
are based on the 2D RZ model and the combined XY, RZ and RY model,
respectively. 3D transport corrections for kgee control rod
reactivity worths, neutron spectra and power distributions are
calculated for the ZPPR-9 10A, 134, 13B/1 and 13C cores, and are
compared with results of the 3D and 2D transport codes TRITAC and
TWOTRAN-II., The combined 2D model predicted the 3D transport
effects with good accuracy.
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1.2

Paper A~T11 (UK) presented the recent development of the transport
code MARC/PN, which solves the multbigroup transport equation in most
geometries of interest using finite element or finite difference
technigues. The code is based on the method of Legendre expansion.
Two recent developments are described. The first consists of a
treatment allowing for anisotropic scattering, and the second
modification is a link to the interactive graphics package GEOMOD/
SUPERTAB. Several numerical example show the effects due to the

order of the PN expansion, number of energy groups, and spacial
dimensions.

In the final paper, A~7i12 (France), the 2DnS, transport code

BISTRO and its performances were presented. At present, three
methods have been implemented: SLOR (successive even and uneven
line overrelaxation) accelerated by optimal W, ADI (alternating
direction implicit method) accelerated by effective precalculated W,
and SIM (strongly implicit method) accelerakbed by the conjugate
gradient method. The effectiveness of the Chebychev method was
identified. Numerical examples are presented for RACINE 3 and
SUPERPHENIX and compared with the results obtained by the DOT code,

In the discussion, it was pointed out that relevant test problems
should be selected to clarify the effectiveness of 3D codes,
especially due to ray-effects and heterogeneity, Problems
concerning convergence characteristics, energy scheme and 1/0
treatment were also discussed, It was agreed that as the topic was
being continuously investigated in member countries, it should be
retained on the agenda for next year.

Application of Spatial Kinetics to Reactivity Measurements

Rapporteur: L,G, LeSage
Papers A~T13 Lo A-~T17

These session contained five papers, three of which discussed the
evidence of and the correction for gpatial and space-time effects in
fast reactor reactivity measurements, The first paper (US, A-~T13)
discussed the reactivity techniques used at ZPPR, Clear evidence of.
space~time effects was evident in ZPPR~13C, a large, decoupled fast

eritical assembly with fuel zones containing different fissile
i{sotopes.

The second paper (USSR, A~T14) discussed reactiviby measurements in
the USSR on critical assemblies and on the BN~600 power reactor
using both an {nverse kinetics (IKM) and a pulsed alpha technique.
Results from measurements on BN-600 using a digital reactimeter
(based on the IKM technique) were given, Efficlency corrections
were shown Lo improve consistency in the measured reactivity. The
measurements on the heterogeneous RACINE 1F Core at MASURCA.
Significant spatial effeclts were observed and there was some
evidence of small spacentime effects.
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In another paper (US, A-71%5) the £f-252 source-driven neutron noise
analysis method of Mihalczo was discussed in detail. It was shown
that this method is applicable to the measurement of kefr of a
wide variety of systems, including many non-reactor applications,
Efficiency corrections are not required; however careful placement
of the detector relative to the neutron source is required.

The final paper (France, 3-716) described a new method for measuring
control rod worth for PWRs based on the evaluation of ex-core
detector signals along with the use of a feedback model and
weighting corrections, The method was shown to be very fast and
convenient while remaining reasonably accurate. The method should
be applicable to other types of reactors.,

The committee noted that the reactivity measurement methods
described in the final two papers are interesting developments that
should have many useful applications. The data presented in the
first three papers again showed the importance of efficiency
corrections for reactivity measurements in large fast reactors.
Space-time effects are much less important, and only appeared
clearly in ZPPR-13C which contained special zones of different
isotopic loading,

Resolution of Local Heterogeneous Effects due to Geometry in Fast

Reactors

Rapporteur: J.M, Stevenson
Papers A-718 to A~T20

The session contained three papers on very different subjects.

Paper A-718 (US) presented a summary of measurements in the ZPRs
over about 10 years which were related to the ¢entral worth
discrepancy. Two different types of measurements were used; samples
in the plate structure and cylindrical samples in a tube whose axis
Was perpendicular to the plates., Calculational effort which
includes corrections for variations in flux and adjoint has brought
into satisfactory agreement all the measurements with foils in the
plates and next to the plates. Difficulties were found with the
cylindrical samples where differences of several percent still
exist. The central worth discrepancy has largely been resolved,
while admitting that some of the measurements with cylindrical
samples must be discounted. It was noted that a very similar
situation has been found for ZEBRA.

Paper A-T19 (Japan) considered measurements in an axially
heterogenecus fast reactor core in FCA and their analysis. There 1s
significant support in Japan for such a design which, because of the
low reactivity loss, requires reduced control rod worths which may
be advantagecus in an earthquake situation. The FCA mock-up had a
disc-shaped internal breeder, 20 cm. thick in a 90 em. high core
with radial driver zones. Only axial measurements were therefore
relevant. The expected axial power flattening was found, but there
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were significant C/E discrepancies for reaction rates in the
internal and axial breeders, even after transport corrections,., H.
Kuesters suggested that all heterogenecous designs were now out of
favour but it was noted that two of the reference designs in the USA
were still (radially) heterogeneous,

Paper A-720 (France) described the method which has been adopted in
France to allow for the internal heterogeneity of control rods with
a view to reducing the rather large errors in calculated rod worths
in LMFBRs. Earlier studies had shown that the worth error
associated with smearing the composition over the whole subassembly
area was approximately 10% and was dependent on the radial position
and axial insertion. The method chosen was an extension of that of
Rowlands to produce effective homogenised c¢cross sections over the
subassembly area by c¢onserving reactivity via perturbation formulae
using real and adjoint fluxes. These homogenised cross sections
were obtained for a central rod in a 1D cylindrical model., Tests of
these cross sections were then made in a 2D XY quarter-plan
simulation of SPX1. The actual values found for the heterogeneity
effect on rod worths using a detailed rod representation and
transport theory for a central rod and two rod rings were
approximately 9% and agreed within 0.3% of those obtained using the
homogenised cross sections. Although diffusion theory was not able
to reproduce the effects for the heterogeneous representation, it

did when using the homogenised cross sections, after correcting for
mesh effects. '

The chairman remarked that this topic had been retained for the
presentation of further CADENZA analysis., It was noted that the US

had a paper and that there was some discussion in the UK National
Report.

The meeting decided to keep the topic for next year, possibly for
more CADENZA results and for the study of the heterogeneity effect
of secondary shutdown rods.

Application of Neutron Noise in Reactor Systems (Excluding
Mechanically Induced Noise) '

Rapporteur: L.G. Lesage
Paper A-T21

Only one paper (US, A~T21) was contributed for this agenda topic.
In this paper, Bennett summarizes the results of Bgpe

measurements in six different ZPR fast critical assemblies over a
period of years. A two-detector coincidence experimental method is
descrived. The Berp results and their C/E values based on

ENDF/B~l4 and 5 calculations are presented for the six assemblies
with cores with U-235 fuel, Pu-239 fuel, and cores with mixtures of
U-238 with either U-235 or Pu-239. The C/E results are consistent

with a small increase in nu-delayed for U-238 over the current
ENDF/B~5 value,
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1.5 Special Applications of Gamma and Neutron Source Modelling (Medical,
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Therapy, Beam Tubes, etc.)

Rapporteur: L.G. Lesage
Paper A-T722

The single paper in this agenda topic (US, A-722) described a Monte
Carlo method, based on the VIM code, for calculating the neutron
flux emergent from a reactor beam tube, The Monte Carlo calculation
is limited to a small region of the reactor near the head of the
beam tube where nearly all of the emergent neutrons originate. As a
result of a calculation using this method the head end of the beam
tube in one experimental reactor will be moved slightly further from
the core to increase the ratio of thermal to fast flux in the beam
without significantly reducing the thermal flux.

Topics Carried Over From Previous Meetings

Monte Carlo Whole Core Models

Rapporteur: J.R. Askew
Papers A-723 to A-T725

Paper A-723 (US) reported the state of CADENZA and ZPPR analysis,
relating especially to the pin/plate discrepancy. The concensus
view was that a small discrepancy (0.3 - 0.6%) remained in both

gets of experiments when analysed using deterministic methods,
though Takeda had obtained a solution showing good agreement and the
reason for the different result in his analysis was still being
sought, The observed discrepancy was at a level which might be
ascribed to combined uncertainties of composition, nuclear data and
calculational models. Monte Carlo studies did not yet rule ocut the
last contribution, perhaps the most important missing evidence being
a Monte Carlo solution for the two CADENZA cases which showed the
biggest difference.

LeSage commented that, although not presented here, there is at
least one Monte Carlo (VIM) calculation of the CADENZA pin and plate
cores, These Monte Carlo results showed about the same pin/plate
discrepancy as the deterministic calculation.

Stevenson noted that supplementary measurements in which thinner and
thicker plutonium plate configurations were used had not been well
predicted by calculation. Kuesters noted that similar measurements
had been performed in SNEAK and that he would seek to bring them
forward. The observation suggested that resonance shielding in the
plutonium metal might be a contributory factor, the difference
reflecting either modelling or basic data errors.

It was agreed that the issue was no longer one of urgent practical

importance, but was such as to warrant a continuing effort to
resolve,.
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in the analysis was under test by GSS Garching and would later be
distributed, The second paper, by Rief, was a draft contribution to
a proposed CRC handbook on uncertainty analysis, edited by Y. Ronen
and was entitled Monte Carlo Uncertainty Analysis.

The committee noted the important progress which was being made in
this field, but concluded that the topic should not remain on the
agenda for the next meebting with its present emphasis,

Physics Problems of Tight Piteh Lattices

Rapporteur: P, Wydler
Papers A~T726 to A~T731 and L~286

Three papers (A~726, A~727 and A~731) are related to the first phase

of the High Converter PWR experiments carried out in the PROTEUS
reactor at Warenlingen,

The first paper, A~726, from Switzerland, gives a review of lattice
calculations using various methods and data sets. The comparisons
of C/E's for k~infinity reaction rate ratios and the k~infinity void
coefficient suggest thabt commonly used LWR calculational tools do
not meet all requirements, at least not for the entire range of

moderator voidage and plutonium enrichment investigated in the
PROTEUS experiments,
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