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TECHNICAL SESSIONS 

.- 

A complete list of all the papers presented at this meeting~is given in 
Annex 2. In the technical sessions six new topics were introduced and 
six topics were carried over from previous meetings. Following a" 
established practice, for each topic a committee member was assigned to 
prepare a draft summary and these summaries were reviewed before the 
ilose of the meeting. 

1. New Topics 

1.1~ Monte Carlo Whole Core Models 

Rapporteur: J.R. Askew 
Papers A-639 to A-641 

The number of contributions to this sess,ion reflected the widespread 
interest in applying Monte Carlo methods to the analysis of experiments 
and of at&ding their use to calculate power reactor behaviour. 

Three contributions related to t,he use of the VIM code with point energy 
data from ENDF/B-IV. Paper A-639 frti Japan reported preliminary 
results of a comparison with experiment and with deterministic 
calculations for two cores from FCA. The first, which had a 
conventional blanket, showed good agreement but for the second, with a 
steel/sodium reflector, the calculations differed by 2.3% in reactivity. 
This was attributed to the problem of treating the iron data in few 
grO"pS. The experiment lay between the two calculations. paper A-644 
from the USA reported calculations on ZPPR and ZEBRA cores additional to 
cases reported zt the 1983 Meeting. The discrepancy between Monte Carlo 
and deterministic methods (a bias of 0.2 - 0.5% in reactivity) remained, 
but some additional calculations using nodal transport theory in place 
of a diffusion model for the whole reactor suggested that this would 
shift the deterministic results closer to the Monte Carlo ones, and thus 
that the leakage calculation was the most likely source of the 
discrepancy. Paper A-645, also from the USA, reports the radial 
distribution comparisons for core ZPPR-11B based on 500,000 neutron 
histories which gave a standard deviation of 1% for the axially 
integrated flux. Improved comparisons with experiment compared to 
diffusion theory methods is reported, especially in the treatment of 
threshold fission in the internal blanket. 

PaperG from the UK described applications of the group version of the 
MONK code (MONK-SW) using 69-group WIMS data. Paper A-640 described its 
use 06 a benchmark regular light water lattice of 3% enrichment. The 
tote and the surrounding support structure were modelled in detail. 
Taken in conjunction with other experiments this suggested that the 
WINS-81 library might be about 300 pcm high in reactivity. Paper A-642 
dealt with,modelling commissioning experiments on a full-scale 
gas-cooled reactor of 368 channels, including representation of sources, 
instrUmetits, etc. Emphasis was placed upon the use of colour graphi,s 
facilities to the check the geometric input to the code, and to the need 
for care in the coding to edit low probability events and the 
accum"latio" of large scores. Paper A-641 demonstrated the feasibility 
of making similar calculations for fast reactor cores. 
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Paper A-643 reported “se of the TRIPOLI code with 45,000 point data from 
the UKNDL. Resonances are represented explicitly below 5 keV. Emphasis 
was on the capability to deal with complex spectrum effects, especially 
in evaluating control plate worth. Computing times tended to be higher 
due to the long neutron lifetime in heavy water. 

Attention was drawn to two applications listed in the report on reactor 
physics activities in the Federal Republic of Germany. start-up 
calculations for the second core of KNK-II were made using the’.MOCA code 
with 26-group data. Criticality, power distribution and absorber worth 
were predicted. Similar methods had been applied to the analysis of the 
BIZET experiment BZD/2 which included subcritical control rod worth 
experiments with natural B4C absorbers. 

Two papers dealt with aspects of technique. A-646 extended earlier 
discussions of treating perturbations. The first technique uses 
differential operator sampling based on a second order Taylor series, 
whilst the second uses correlated tracking with double biassing which 
permits the treatment of more extreme changes such as voiding and rod 
movement. The problem of unbounded variance on voiding is treated by 
the introduction of a fictitious delta-function scatterer. Paper A-647 
dealt with the use of a spatially discrete Greens function as a means of 
accelerating convergence of the fission source distribution by the 
equivalent of a factor of 2 in neutrons tracked. In discussion the 
importance of modelling the correct subcritical state of an experimental 
system rather than relating it to a critical state was emphasized. 

There was a general discussion of the role of Monte Carlo methods. It 
was agreed that they were in many applications the preferred method. 
This was the case for systems having high leakage, complicated 
gearnO tries, rapid spectrum changes or long streaming paths. There was 
also an established application as reference solutions to validate the 
approximations used in deterministic methods. The extent to which such 
calculations might supplant established methods in other applications 
was less clear, and would in any case depend upon the further 
development and application of existing techniques to treat differential 
effects, burnup, etc. 

A- 
t 

It was agreed that the topic was ‘of widespread interest, and should be 
retained on the agenda for next year. 

1.2 Physics Problems of Tight Pitch Lattices 

Rapporteur: P. Wydler 
Papers L-272 and A-635 to A-638 

-. 

Paper A-635 summarizes the current French position concerning the 
recycling of plutonium in the Light Water High Converter Reactor 
(LWHCR) . A three year programme has been approved to study the 
feasibility of the LWHCR concept from the pain’ of view of the 
neutronics and thermohydraulics. In the ERASMF experiment at the 
reactor EOLE integral parameters such as the multiplication factor, the 
moderator voidage effect, etc., will be measured in a large test zone, 
and the effects due to the isotopic composition of the plutonium will be 
investigated. An experiment using a smaller test zone in the reactor 
MELUSINE is designed to provide additional information on capture rates 
which govern the buildup and depletion of the important nuclides during 
a reactor cycle. 
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I" the discussion, it was confirmed that the EOLE test zone is 
sufficiently large to allow accurate buckling measurements to be 
performed. Dr. Golinelli reiterated that, currently, the French 
programme primarily concentrates on studying the technical aspects of 
the LWHCR concept. 

Paper L-272 describes two different LWHCR concepts which were developed 
in the FRG in the framework of a collaboration between KFK and 
Kraftwerk Union (KWU). The homogeneous concept uses m?xed-oxide fuel 
with a 7.5 to 8% fissile plutonium enrichment. In the heterogeneous 
concept; a 15% fissile plutonium central seed zon@ is surrounded by a 5% 
fissile pltitonium blanket zone. Detailed neutronic and thermohydraulic 
analyses~ confirmed the technical feasability of the concepts. 

In discussion, Dr. Kuesters drew attention to the tight-lattice 
measurements currently being performed in a rodded test zone of the 
SNEAK-12F cnre using polystyrene as a moderator. A preliminary analysis 
gave relatively good agreement between measured and predicted integral 
quantities, provided that Am-241 in the fuel and impurities in the 
structural material are accounted for (cf. Activities Report of the 
FRG). 

Results of further investigations carried out in the Phase I programme 
of the PROTEUS-LWHCR experiments in Switzerland are presented in paper 
A-636. Reaction rate ratios are reported for an 8% (average) 
fissile plutonium lattice. As for the earlier reported 6% (average) 
fissile plutonium lattice (cf. NEACRP-A-584), three moderator states 
(H20, Dowtherm and air) were investigated. Effects bf plutonium 
enrichment on the k, void coefficient and its components in terms of 
individual reaction rate ratios are analyzed, and C/E values are given 
for two independent cell calculations based on WIMS-D and EPRI-CPM. 

Paper A-637 d&scribes a" analysis of the 6% fissile plutonium 
PROTEUS-LWHCR experiments using the JAERI standard code system SRAC and 
two different multigroup 1ibrarieS based on JENDL-2 and ENDFJB-IV. 
C/E values for reaction rate ratios and multiplication factors based on 
two different fuel homogenization methods are reported. Compared with 
WI?lS-D and EPRI-CPV, SRAC gives similar and in some cases better 
C/E ratios. For a" appropriate modelling of the PROTEUS lattice a" 
ultr&fi"e group multiregion cell calculation (as performed by the PEACO 
routine of SP.AC) is found to be necessary. 

The final paper, A-638, presents results of a validation of the CASMO 
code hgainst the PROTEUS-LWHCR lattice experiments. The C/E values for 
the multiplication factor and the standard reaction rate ratios are 
found to be good for the normal (""voided) cnre especially when a 
multigroup library based on the UKAEA compilation is used. For the 
voided cnre there is a" considerable overestimate of k,. However, in 
this paper the main emphasis is on a strategy study for the Swedish 
raclear system c&prisi"g 9 BWRs and 3 PWRs. After the initial phase up 
to 2010 (i.e. the average lifetime of the current nuclear units) the 
PWRs are assumed to have close-packed cores in which plutonium from the 
earlie? and continuing operation of the BWRs is recycled. The "et 
savings in natural uranium and separative work consumption relative to 
ihe cas& of plutonium recycle in the normal PwRs are 18.4% and 18.62, 
respectively, assuming a total electricity production of 1,000 Tlih. 

;; .: ., 
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I” the discussion concerning the interpretation of the PROTEUS 
experiments, Dr. Rief speculated that for very low moderator-to-fuel 
volume ratios the usual assumption of isotopic scattering in the 
moderator may not be appropriate. Regarding the performance of data 
libraries under LWHCR spectrum conditions, Dr. Askew reminded the 
Committee of the work which had been done for the steam cooled fast 
reactor. Finally, it is worth mentioning ‘chat at JAERI the possibility 
of using the FCA and TCA facilities for tight pitch lattice experiments 
is being studied. I” co”clusio”, the chairman encouraged the Committee 
members to contribute to a systematic analysis of the already..existing 
data from the PROTEUS experiments. 

1.3 Physics Elodelling of Research Reactors 

Rapporteur: J.M. Stevenson 
Papers A-648 to A-653 

The six papers on this topic covered a variety of subjects. In the 
first (A-648, UK), the development of a reactivity interaction model for 
the worths of the absorber plates with their significant interactions in 
the NESTOR source reactor was described. It was a first-order 
two-dimensional expression involving the worths of the individual plates 
and interaction coefficients between each pair. These coefficients also 
apply to the partial insertion of the control plates for which a fourth 
order polynomial is found to be suitable. By a series of rod drops from 
critical using different plate combinations and from different balance 
positions of the two control plates, together with compensating critical 
balances on the control plates, a good fit to all the parameters in the 
lnteractio” model was produced. The predicted worths for the rod-drops 
using the model were then found to agree very well with experiment. A” 
interaction model of this type should have applications for other 
reac toi-*. 

Paper A-649 (France) discussed the GOLEM system of codes which has been 
developed to calculate the “eutronic parameters of the experimental 
facilifies at Cadarxhe. The facilities, PHEBUS, CABRI and SCARABEE are 
used, respectively, to analyse LOCA in PWR, to realize power transients 
in fast breeeder fuel pins, and to study the behaviour of fast breeder 
fuel subassemblies during accidents. They have the common 
characteristics of small water-cooled drive” cores, large 
heterogeneities and complex geometries. There are several items of 
interest in the GOLEM scheme. Careful choice of the “umber of condensed 
groups and the spatial discretisation is made by a spatial and energy 
analysis of important physical phenomena. (Previous work carried out at 
Wurenlingen was mentioned). The whole-core calculations use 
transport-theory methods in 1D or 2D and a pseudo-synthesis method is 
used for the 3D power distributions. In the worst case (fuel pins “ear 
control rods), the discrepancy between calculation and experiment is 5%. 
For perturbations involving boundary movements, new meshes are generated 
for the adjoint flux calculation for the perturbed array, and the real 
fluxes are interpolated to the new meshes so that the worths can be 
calculated by standard methods. 

0 

0 
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Two papers were con&rned with the introduction of low enrichment 
uranium (under 20% U-235) into research reactors. It was noted that the 
US Nuclear Regulatory Commission ate proposing that all research 
reactors licensed by them, (with the possible exception of those where 
the ‘fuel lasts for the plant lifetime), should be converted to low 
enrichment uranium. Paper A-650 (USA) described the proposed-. 
development of higher uranium densities (e.g. 5 g/cc uranium in 
U3Si2-Al and 7 g/cc uranium in U3Si-Al) compared with present 
densities for high enrichment fuel of 0.4 to 1.7 g/cc. A slow 
replacement of the fuel in the Oak Ridge Research Reactor will be made 
to give a complete cnre of low enriched U3Si-Al in 1985. A whole cnre 
demonstratidn has already been carried nut with low enrichment fuel but 
with a density of only 1.7 g/cc in the Ford Nuclear Reactor and results 
have cdnfirmed the validity of the calculations, methods and data 
related tn performance and safety. Paper A-652 (Japan) discussed the 
introduction of 45% enriched uranium in place of 93% in the Kyoto 
University Critical Assembly, in ati assembly representing the cnre of 
the Kyoto University High Flux Reactor. This represented the first 
stage in a movement tn low enrichment fuel. It was found that 2D 
calculations with applied axial bucklings showed similar C/E ratios .for 
the k-value foi the medium and tHe high enrichment fuels and performed 
adequately for the prediction of the worths of boron burnable poison and 
fuel plates in the medium enrichment core. 

Two papers considered the improvement of designs for research reactors 
which act as experimental facilities for studying neutron scattering, 
isotope production and materials irradiation. ,In A-651 (USA), the 
progress on the design of the High Flux Isotope Reactor II wasp 
described. By changing the ~~0 Coolant and the be!yllium reflector of 
the present HFIR tn D20 and’ with an’ e,ffort tn flatten the power 
density by using a variible fuel loading and burnable posions, it is 
possible &i increase the average power density sig~nificantly while 
keeping the peak power density fairly constant. Thus the peak thermal 
flux in then reflector at the beginning of life, has increased by a 
factor ~of 3 compared with ,HFIR (to 4 x 1015 n.cmV2.s-‘) and the peak 
fast flux by a factor of 2 (to 2.6 x 10~5 n.cm-2.s-1). The reactor would 
operate at 200 MW and the core lifetime would be 16 full power days. 
A-653, (Japan) described the neutronics calcuIations for the upgrading of 
the Japan Research Reactor 3 from 10 MW tn 20 NW. The MT! fuel elements 
will a’lso have their uranium enrichment reduced to 20%. The moderator 
is H2o and then reflect,or D2o. The reactor will have a 28 day cycle 
length and a 5 batch loading. The maximum uranium burnup will be 542, 
and the thermal ,neutron flux peak in the heavy water reflector will be 
2.0 x 1014 n.cm-2.s-l. 

1.4 Physics,Modelling of Fusion Blankets 

Rapporteur: Ti Asaoka 
Papers A-654 tn A-658 

The paper, A-654, from the USA deals with an assessment of the nuclear 
data base for shielding and blanket calculations of INTOR. Concerning 
the nu~clear data and radiation transport codes, a significant 
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technological base is already available essentially through RSIC at 
ORh'L. HOWeVer, a quantitative assesment of INTOR "ear-term nuclear 
data needs reveals problem areas associated with ENDF/B data. Required 
new research and development programs include; nuclear response function 
evaluations for the analyses based on ENDF/B-V, radiation damage data 
for magnet materials, shield experiments and analytical studies of 
radiation streaming, activation cross section measurements and 
evaluations, shield benchmark analyses for comparing nuclear design 
calculations, and automated variance reduction techniques for Monte- 
Carlo analyses. 

Paper, A-655, from the CEC presents the main results of the neutronics 
analysis of the INTOR/NET design performed at JRC-ISPRA, in connection 
with the use of a liquid breeder material (eutectic Lil7Pb83 with 30% 
enriched Li-6). As for the optimization of the TBR (Tritium Breeding 
Ratio) of the reactor, the calculated data emphasize the dramatic effect 
of the presence of structural and coolant material. There must be as 
little as possible to obtain a satisfactory value for the TBR. 
Concerning the radiation shielding, the inboard shield is required to 
provide an attenuation of a factor of lo5 for' fast neutrons in a 
restricted space to protect the superconducting magnets, in addition to 
the outboard shield permitting a maintenance operator to gain access to 
the reactor hall within a reasonably short time after reactor shutdown. 
Neutronics calculations have shown that the torus bulk shield of INTOR 
meets these requirements. A few hours after shutdown, the Nn-56 
activity becomes negligible and the dose rate outside the outboard 
shield stays nearly constant (a few mremlhr) fpr months. 

The Japanese paper, A-656, presents integral measurements for a Li20 
61 cm thick slab assembly with a diameter of 63 cm carried out at FNS to 
provide benchmark data for checking data and methods for fusion 
neutronics. Yeasured items were tritium production rates (TPRs) of Li-6 
and Li-7, fission rates of U-235, U-238, Np-237 and Th-232, reaction 
rates of Al-27 (",a), Ni-58 (n,Zn), In-115 (n,"') and In-115 (n,Y ), 
and in-system neutron spectre. Xeasured values were analysed by 3 
transport codes, BERMUDA-2DN, MORSE-DD and DOT-3.5, using nuclear data 
files JENDL-3PRl and ENDFIB-IV. With the JENDL-3PRl file, the 
calculations predict T,PRs of both Li-6 and Li-7 very well. For 
threshold reactions, there exist disagreements between the calculated 
results and between measurement and calculation. Further investigations 
are necessary to make clear these discrepancies. 

Papers A-657 and A-658 from Japan discuss neutronics experiments 
performed at OKTAVIAN. A-658 deals with the TBR measurements with an 
accuracy of 6% for natural Li slabs (30 cm in thickness and 60 x 60 
cm2 I" transverse dimension) with and without the graphite reflector. 
The measured TPR distributions and TBRs were analysed with the 1D SN 
code NITRAN and 3D Monte-Carlo code NIMOS, using ENDFIB-IV and 
JENDL-3PRl libraries. The measured TBRs are smaller by about 25% than 
the calculated values with ENDF/B-IV data but they are close to the 
values attained with JENDL-3PRl data. A sensitivity analysis was 
applied for important neutron reactions to explain these differences. 
In addition, a direct measurement was performed of the Li-7 (n, n'u)T 
cross section around 14 MeV. The measured results have show" 
consistency with the sensitivity analyses and support the JENDL-3PRl 
calculations. 

, 

a 
. 
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paper A-657 presents the measurements of neutron spectra leaking out of 
40 cm and 120.~~0 diameter Li spheres by using a T-O-F technique and at 
some radial:$ositio"s in a 120 cm sphere by using miniature NE-213 
spectrometers. The analysis was performed with the NITRAN code using 
ENDFIB-IV and JENDL-3PR1 libraries. The calculated leakage spectra are 
overestimated in comparison with the measured results except for the 
elastic peak, due to inadequacies of the (","'a), (n.2") and (",p") 
cross sections of Li and their secondary neutron data. On the other 
hand, the calculated in-system spectra agree with the calculated results 
within a 'factor of 2 except for the low energy region below 4 MeV. A 
clearer interpretation of the discrepancies is left to the future. 

In connection with this topic, activities of KFK in the FRG were 
presented. By concentrating their activity on the exploration of 
various blanket concepts, studies were performed of both liquid and 
solid ceramic breeder blankets, together with the neutron multipliers Pb 
and Be. In addition, a short presentation was made of the activity of 
EIR in Switzerland for developing physics methods for fusion and 
fusion-fission blanket calculations, and of the LOTUS blanket 
experiments carried out at the Swiss Federal Institute of Technology, 
LaUSa""e. Furthermore, ECN in the Netherlands has developed 
nuclear-model codes for predict+ double differential cross sections was 
a contribution to the European Fusion Technology Program. It was also 
reported that a group has just been formed in Frascatti, Italy, to study 
shielding and blanket aspects of fusion reactors. 

The Committee considered that as the activity in this field is growing 
so rapidly that it is worthwhile to discuss this topic at the next 
meeting. 

1.5 Calculation of Structural Reactivity Feedback Effects such as Bowing 
during the Normal Operation of Reactors 

Rapporteur: K. Shirakata 
Papers A-659 and A-660 

Paper A-659 from Japan discusses the column bowing and the resulting 
reactivity increase in a" HTGR cbmposed of hexagonal graphite fuel 
elements. Deformation of the columns due to the non-uniform temperature 
distribution was calculated and the distribution of jaws in-each column 
obtained. The maximum fuel temperature, which occurs due to the 
increase in by-pass cooling, changes depending upon the mode of jaws. 
The reactivity increase due to the core deformation was calculated with 
the WIMS-E code, to obtain a three-group cross-section library, and a 
two-dimensional diffusion code. The result has been found, however, to 
be appreciably lower than the transport theory value due to an 
inaccurate treatment of neutron streaming. 

Peper A-660 from Japan presents the analysis of bowing behaviour of 
subassemblies in "JOYO". The power coefficients for the Mk-I and Mk-II 

;,:;i, i / ; , 1:: 92130011 








































