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TECHNICAL SESSIONS 

1. NEW TOPICS 

1.1 Actinide production and burn-up 

France 

Bouchard introduced the paper NEACRP-L-213 which dealt with 

a the production and burn-up of actinides in LWR's and fast 

reactors. The effects of the actinides on the reactivity of 

the power reactor were generally small (less than about 1 % )  

although this resulted from compensating effects. In the 

transport and reprocessing area the main problems resulted 

from the neutron activity of curium. Uncertainties in this 

area arose from inadequate knowledge of cross-sections and 

of the yields of ( a ,  n) reactions. In the fuel fabrication 

area problems arose with the recycling of fissile material 

and gamma-ray emission was of particular importance. 

French experimental work in the actinides area followed three 

main lines: 

(1) analysis of spent fuel and irradiated nuclides 

I 
(2) physics experiments in critical assemblies 

( 3 )  checks of neutron and gamma-ray activities. 

In the irradiated fuel analysis area a large number of measure- 

ments had been made on various types of fuel. In the LWR case 

there were some significant discrepancies in the C/E values 

for actinide concentrat.ions: especially in the case of the 



curium isotopes. Corresponding adjustments had been made to the 

data library. Analysis of separated nuclide irradiations in 

PHENIX had given values of the capture cross-sections of several 

actinides with fairly good accuracy. 

Physics experiments on critical assemblies included the measure- 

ment of the fission cross-sections of Am241 and Pu238 in fast 

reactor lattices. It was planned to carry out activation measu- 

rements of the capture rates of U236, Np237 and Am243. 

Work on the checking of neutron and gamma emission rates included 0 
measurements on plutonium samples of various isotopic composi- 

tions and on irradiated samples. 

USSR - 
Bobkov presented the paper NEACRP-A-335 which described the use 

of perturbation theory to assess the accuracy of actinide nuclear 

data required for fast reactor burn-up calculations. Actinides 

ranging from U232 to Cm244 were taken into account and sensiti- 

vity coefficients were calculated for two reactor cores using 

the perturbation sensitivity code PERS. These were in reasonable 

agreement with the coefficients given by Gandini (CNEN, RT/FI 
0 

(7711). Detailed data on achieved and required accuracies were 

presented and this indicated that, in general, the current 

accuracies of transactinide nuclear data do not provide the L 

required accuracy for fast reactor burn-up calculations. 

Japan 

Hirota introduced the paper NEACRP-A-318 in which a sensitivity 

analysis of the build-up and burn-up of actinides in fast reactors 

was described. The code EIGENS, which had been developed for 



this analysis calculated the sensitivity coefficients for 

actinide production by solving the nuclide chain equations and 

their adjoints using the eigenvalue method and then combining 

these solutions with the time-dependent generalized perturba~ion 

technique. 

Sensitivity analyses were carried out for two 1000 MWe fast 

reactors whose plutonium fuel came respectively from a BWR and 

the blanket of an FBR. These studies confirmed the usefulness 

of the eigenvalue method in solving the nuclide chain equations 

and also showed that the sensitivity coefficients for actinide 

production were strongly dependent on the type of plutonium fuel 

used. The results of the sensitivity analysis for the fast reactor 

fuelled with BWR plutonium indicated that priority should be 

given to improving the accuracy of the decay constants of Pu241 

and Cm242, the capture cross-sections of Am241, Am243, Pu242 

and Np237 and the fission cross-sections of Am241, Pu242, Np237 

and Cm244. 

USA a - 
Hemmig presented the paper NEACRP-A-341 which described US 

studies of actinide formation and burn-up. The aims were firstly 

to characterize the neutronics describing actinide production 
I 

and burn-up by conversion to fission products during operational 

exposure of power reactor fuel and secondly to understand the 

separation of actinides from one another and from fission 

products. The results of neutronic transmutation studies showed 

that substantial actinide depletion was possible, in principle, 

giving equilibria between production and fission utilization. 

There were, however, significant practical complications and 

a number of major issues were still under consideration including 

special fast reactors optimized for actinide utilization. These 



featured hard neutron spectra (average energy about 0.2 MeV) 

to maximize the fission-to-capture ratio and Am241 and 243 

reductions of 60 % and 40 % respectively were indicated after 

a three-year burn-up cycle. Studies on the chemical partitio- 

ning of long-lived actinides from radioactive waste were in 

progress at ORNL and involved both experimental and calculatio- 

nal activities. This work was expected to produce flow sheets 

which had been at least partially verified by benchscale experi- 

ments. Maienschein reminded the committee that, in discussions 

at previous meetings, the feasibility of actinides partitioning 

had been in doubt. He felt that the situation had now changed 

significantly since the ORNL work (on separation by cation ex- 

change chromatography) had now largely demonstrated the feasi- 

bility of partitioning. 

Switzerland 

Richmond introduced the paper NEACRP-A-339 which advocated the 

use of aurznium/plutonium/neptunium fuel cycle. The proposal 

was that the large amounts of Np237 produced in operating LWR's 

should be recycled in a GCFR with a neptunium-to-plutonium ratio 

of unity at start of life. In this case the total power produced 
0 

by fission in the Np237 itself and in the Pu238 produced by 

neutron absorption in the neptunium amounted to 25 $ of the 

total power of the reactor. An additional possibility was to x 

mix the Pu238 with normal plutonium' used in the fabrication of 

LWR fuel elements. This would increase the proliferation resistance 

of the fuel because of the increased neutron emission caused by 

spontaneous fission of Pu238 and ( a ,  n) reactions with oxygen. 

The calculations showed that a 300 MWe GCFR could use the Np237 

from about twelve 1 GWe LWR1s and could produce sufficient Pu238 

to denature the fuel from 2-3 LWR7s. A further point of interest 

was that the build-up of plutonium in the GCFR reduced the rate 

of loss of reactivity so that the reactor could be operated with 



a reload interval corresponding to the maximum fuel burn-up 

In discussion several members commented that their studies had 

shown that the use of Pu238 to denature LWR fuel elements was 

ineffective because of its rapid burn-up. 

Belgium 

Debrue presented the paper NEACRP-A-331 which described experi- 

ments intended to produce data on the Pu241 and Am241 cross- 

sections. Measurements were made of the variation of the K- 

effective of a plutonium-fuelled core in the VENUS critical 

facility over a period of about ten years. About 80 % of the 

reactivity loss resulted from the formation of Am241 and it 

was estimated that the capture cross-sections of this nuclide 

in the thermal energy range could be estimated with an accuracy 

of - + 10 %. Some difficulties in the analysis of the experiment 
arose because of differences in the composition of U02 fuel 

batches used in the outer zone of the reactor. 

Askew tabled a note (in response to action 24 of the 20th 

meeting of the committee) giving the UK one-group actinide 

cross-sections averaged over the central spectrum calculated 

by FGL5 for the NEACRP LMFBR benchmark. He drew attention to 

the adjustment factors that had been applied to the differential 

cross-section data and, in particular to the factors in the 

range 1.5 - 2.1 applied in the case of the Am (n, I )  reactions. 

Further americium capture measurements made in ZEBRA were 

now in course of analysis. 



Germany 

Kiisters reported on physics investigations in the field of 

thermal and fast reactor fuelcycleswith main emphasis on the 

comparison of radioactivity inventory, thermal power, neutron 

and gamma radiation levels and criticality control in the out- 

of-pile stages of LWR, HTR,LMFBR and some alternate fuel cycle 

concepts. A review of the various technical problems together 

with an assessment of the rdle of nuclear data uncertainties 

in fuel handling, reprocessing and waste had been given at the 

Harwell Conference. 

Euratom JRC Ispra 

Rief reminded members of the substantial programme on actinides 

and waste disposal which was in progress at the JRC Ispra. 

Recent work had concentrated on burn-up calculations in connection 

with the recycle of actinides (together with diluents) in FBR 

fuel rods. The code ORIGEN was used to calculate the variation 

of linear power rating and burn-up rate as a function of irra- 

diation time. This work had included the comparison of the 

ORIGEN one-group cross-sections with those given by a wide 

range of other sources. (This is given as Table 3 of the Ispra- 
Activities Report: NEACRP-L-202e). 

B 

Rief introduced the report NEACRP-A-342 which described the 

activity in progress at Ispra in connection with the moni- 

toring of plutonium-contaminated solid waste streams. A ge- 

neral theory of radiometric assay had been elaborated and 

applied to the monitoring of the waste streams by passive 

gamma and passive and active neutron techniques. 



Canada 

Duret stressed the Canadian interest in the thorium fuel cycle 

whose behaviour was expected to be significantly different from 

that of the natural uranium cycle. High accuracy was required 

in the cross-section data since conversion ratios were close 

to unity. The effects of resonance shielding were significant 

(up to 15-20 % )  but their influence on reactivity was small, 

partly because of the well therrnalized neutron spectrum and 

a partly as a result of compensating effects. 

Italy -- 

Farinelli mentioned detailed calculations of the possibility 

of neutronic burn-up of actinides in an LWR and an FBR. A 

rather realistic approach had been adopted, featuring the use 

of two-dimensional calculations and a detailed representation 

of two existing reactors: the Karlsruhe BWR and PHENIX. 

In a general discussion of the actinides question the committee 

agreed that the most stringent requirements for data accuracy 

a arose in the field of actinide transmutation. The main question 

at issue was whether currently available data was sufficiently 

accurate to allow adequate evaluation of the physics aspects 

of actinide burn-up. It was generally felt that the best existing 
fi data, which have been systematically adjusted to take into 

account integral data, are now reasonably adequate for this 

purpose. It was noted, however, that attention should be drawn 

to the existence of a number of older data sources (some based 

on purely differential data) which do not provide the accuracy 

required for actinide transmutation studies. 

Hirota and Inou6 agreed to prepare a document setting out the 

NEACRP's view of the current position concerning actinide 



production and burn-up and to make this available before the 

Second Advisory Group Meeting on Transactinium Isotope Nuclear 

Data (Cadarache, May 1979). 

- ! 
1.2 Neutron damage I 

Japan 

Hirota introduced the paper NEACRP-A-319 which dealt with the 

use of the code GRAPE to simulate defect configurations in 

molybdenum with bcc structure and with the extension of the 

code to deal with the diamond structure and the hexagonal 

graphite structure so that defects in silicon and graphite 

could be treated. The extended code allowed the treatment of 

such phenomena as the anisotropy of the displacement energy 

and the motions of interstitials. 

Belgium 

Debrue presented an information note (NEACRP-A-333) concerning 

dpa calculations. He pointed out that dpa values are strongly 

dependent on the choice of model but that the ratios of dpa 

values calculated with different models are rather insensitive 

to the shape of the neutron spectrum. When selecting a model 

and data one should note that only the neutron energy dependence 

of the displacement cross-sections is of prime importance and 

it was important that the same conventions should be used for 

the analysis of irradiation data obtained in a materials testing 

reactor as for the utilization of these data by the power reactor 

designer. It was also important that test data which had involved 

irradiations of a given material in a number of different reactors 



over a period of years should all be reported in a consistent 

way. 

Hemmig introduced the report NEACRP-L-220 which described work 

on neutron radiation damage to structural materials carried 

out at HEDL. This damage was generally sensitive to neutron 

0 energy and, since the test spectra in which data on radiation 

effects were obtained were normally different from the spectra 

to which components were to be exposed, procedures were needed 

for taking spectrum differences into account when correlating 

and applying the test data. The adopted procedure involved the 

combined use of two different types of computer calculation: 

(1) damage function analysis in which the computer was used to 

solve iteratively a set of integral equations in order to deduce 

the energy dependence of specific types of radiation damage and 

(2) the atomistic simulation of defect production and annealing 

in a metal. Both of these techniques were under active deve- 

lopment. 

Germany 

Kiisters presented two papers: NEACRP-L-209 and L-211. The first .- 
of these was concerned with a research project on the structural 

integrity of reactor components. The aim of this work was to 

quantify the safety margins against brittle fracture and generally 

to clarify the effects of neutron damage. Work described in the 

paper included (1) a comparison between experimental measure- 

ments of two-dimensional flux distributions in a 350 MVe PWR 

with distributions calculated by DOT3 which showed good agree- 

ment ( 2 )  two-dimensional calculations in (r, 0 )  geometry of 

the displacement rate distribution in a 1300 MWe PWR benchmark 



which indicated that about 80 % of total displacements were 

produced by neutrons with energies greater than 1 MeV. 

(3) a sensitivity study on the correlation of radiation 

effects between surveillance sample positions and the 

pressure vessel wall (4) prediction of radiation-induced 

changes of the properties of materials used in reactor structu- 

ral components. 

The second paper described benchmark experiments carried out 

on thereactor KAHTER for the determination of fast neutron flux. 

Foils of Rh 103. were irradiated in a number of axial and 

radial channels in the reactor and the results were compared 

with the predictions of the programme system GAMTEREX. There 

was good agreement between the measured and calculated fast 

flux values in the reactor core but, in the reflector, the 

calculation overestimated the Rh 103 reaction rates by about 

10 Z .  This indicated that the irradiation damage in an HTR 
reflector was less than the predicted values. It was planned 

to carry out further measurements in an attempt to resolve 

this discrepancy. 

Kiisters additionally reported on work carried out at IKE 

Stuttgart to obtain calculational means for predicting the 

safety of pressure vessels. Samples were irradiated in research 

reactors and power reactors and the neutron spectra in the 

samples were calculated. Since these spectra differed from 

the spectra in the pressure vessel it was necessary to develop 

a transformation method to correlate sample damage with 

pressure vessel damage. 



1.3 Blanket physics 

France 

BarrG introduced the paper NEACRP-L-215 which described recent - 
work at CEA in the field of blanket physics. The main points 

under investigation were "reflector savings", power distribu- 

tion, plutonium production and the shielding role of the blanket 

The influence of the blanket on critical mass was determined 

by measuring the fundamental mode critical buckling and deriving 

the "reflector savings" from the critical size of the assembly. 

Analysis of a number of MASURCA and SNEAK cores with U02-sodium 

blankets showed good agreement between the measured values of 

reflector savings and the values predicted by CARNAVAL IV cal- 

culations. Transposition of these results to the case of a 

large power reactor indicated a bias factor of the order of 

(250 - + 200) . Ak/k confirming the adequacy of the CARNAVAL 

IV system for problems of this type. 

The agreement between calculated and measured power rate and 

reaction rate distribution in the blanket was not fully satis- 

factory, especially at the inner .and outer boundaries. It was 

aimed to improve this situation by (1) giving closer attention 

to the treatment of heterogeneity (2) taking account of strea- 

ming effects and ( 3 )  taking leakage in the blanket into account 

when processing neutron cross-sections. Space-dependent cross- 

sections would be used in the interface zone between core and 

blanket. 

The experimental programme of blanket studies on MASURCA would 

continue and it was also planned so carry out a further series 

of experiments on TAPIR0 in the framework of the CEA-CNEN 

agreement. 



Switzerland 

Richmond reported on measurements of reaction rate distribu- 

tions and small sample reactivity worths made in the core 

and depleted U02 blanket of a rodded GCFR lattice in the cri- 

tical assembly PROTEUS. The axial distributions of the Pu239 

and U238 fission rates and of the U238 capture rate had been 

measured from the core centre to the outer edge of the blan- 

ket. The results of the measurements were used to check the 

predictions of two-dimensional, 10-group diffusion theory cal- 

culations. The U238 fission rate distributions was well pre- 

dieted but the calculated capture rate distribution was sys- 

tematically about 2 % low in the blanket relative to core 

centre. The Pu239 fission rate distribution was well predic- 

ted through the core-blanket interface but progressively un- 

der-predicted with increasing depth in the blanket. The ana- 

lysis was being repeated using two-dimensional transport theo- 

ry. The results of measurements of the reactivity worths of 

a variety of small samples in the blanket were being analysed 

using exact perturbation theory. 

1.4 Streaming and sodium void problems 

Askew presented the paper NEACRP-A-325 which summarized work 

aimed at establishingpractical methods of deriving streaming- 

corrected diffusion coefficients for use in sodium-cooled fast 

reactor calculations. Both pin and plate geometries were con- 

sidered. The general approach was to apply "streaming correc- 

tions" to the homogeneous diffusion coefficient for each of 

the principal directions of the lattice. An important feature 

of the lattices under consideration was that they contained 



void regions extending infinitely in two dimensions and that, 

in the case of buckling-independent treatments, such as those of 

Benoist, the diffusion coefficients parallel to such regions 

became infinite. The methods chosen for study therefore in- 

cluded buckling-dependent approaches. The codes studied in- 

cluded : 

- The one-dimensional discrete Sn code WDSNST, which. calcu- 
lated buckling-dependent diffusion coefficents 

- The two-dimensional discrete Sn code DOT which could be 
used to obtain radial diffusion coefficients for plate 

cells 

- DIFFAX, a Wurenlingen code developed to calculate diffu- 
sion coefficients for GCFR pin cells. The axial coeffici- 

ent was calculated from the buckling-dependent, Xbhler- 

Ligou formula and the radial coefficient from the buckling 

independent formula of Eisemann and 

- DSLABA, which evaluates the buckling-dependent Kdhler-Ligou 

0 formula for the radial diffusion coefficient of a slab cell. 

The various codes were compared by calculations on a variety 

of plate and pin cells. In the case of plate cells it was con- 

cluded that the parallel diffusion coefficient could be cal- 

culated by WDSNST or DSLABA, which were in good agreement, 

while Benoist's formula, though accurate for a sodium-floo- 

ded cell, overestimated the diffusion coefficient correction 

for a voided cell. For the plate cells the streaming correc- 

tion perpendicular to the plates could normally be neglected. 

For the pin cells both radial and axial corrections were nee- 

ded and these could be calculated by DIFFAX. Benoist's me- 

thod underestimated the streaming corrections for fast reactor 

pin cells. 



In the case of a power reactor cell typical of PFR or CDFR 

(Comercia1 Demonstration Fast Reactor) the axial corrections 

were of the order of 1.5 % (flooded) and 3 % (voided) with 

the radial corrections about half as great. The corresponding 

streaming correction to the maximum positive sodium void ef- 

fect in CDFR was - 4 $ out of a total heterogeneity correc- 

tion of - 12 %. 

Outstanding problems were (1) streaming effects could be 

very sensitive to simplified cell modelling procedures so 

that checks against reference calculations for three-dimen- 

sional models (e.g. Monte Carlo calculations) were needed and 

(2) the calculations has been carried out in broad groups and 

their validity should be tested by comparison with fine- 

group calculations. 

Bard introduced two papers: NEACRP-L-219 and L-217. The first 

of these described the results obtained for diluent rods 

during the Course of an experimental study of the SUPER-PHENIX 

control rods carried out in the "PRE-RACINE" core of the cri- 

ticalassembly MASURCA. Particular attention had been given 

to the effects of the differences in size and composition 

between the SUPER-PHENIX rods and the PHENIX rods which had 

been studied in an earlier series of measurements. 

The results of the measurements were analysed by means of two 

dimensional diffusion calculations using CARNAVAL IV cross- 

sections. Large C/E discrepancies were noted in the case of 

diluent rods with high sodium and low stainless steel con- 

tents. A comparison of C/E values for sodium followers and 

stainless steel sub-assemblies obtained in the PRE-RACINE 

programme and in the earlier PHENIX-based programme showed 



similar discrepancies except for the PHENIX R3 core. This 

arose as a result of differences between the R3 and PRE-RACINE 

axial blankets. It was concluded that a complete analysis 

of the results of this programme could provide bias factors 

for both core zones of SUPER-PHENIX and these results were 

being used to define the SUPER-PHENLX critical enrichment. 

Since the bias factors were still significant further efforts 

were being made to improve the calculation methods. 

The second paper (L-217) gave an analysis of sodium void mea- a surements carried out in the PRE-RACINE programme in MASURCA. 

Voided cell cross-sections had been used in all the voided 

zones and directional diffusion coefficients had been genera- 

ted by the Benoist method. TWO-dimensional diffusion calcula- 

tions were carried out using the 25-group CARNAVAL cross-sec- 

tion set and zone voiding reactivity changes were determined 

by eigenvalue differences and by first-order and exact per- 

turbation theory. The experimental measurements were mainly 

concerned with the study of sodium voiding effects in a he- 

terogenous core with a central blanket. The voiding was car- 

ried out in eleven substitution steps. The C/E discrepancies 

a were small at the centre of the internal blanket but increa- 

sed towards the edge of the core in both axial and radial di- 

rections. The use of directional diffusion coefficients led 

to a systematic improvement but did not remove the discre- 

pancies. The influence of Pu240 content on the sodium void 

effect was checked by changing the Pu240 fraction from 8 % 

to 18 $ in a 30 cm diameter zone. This showed that the C/E 
discrepancies given by CARNAVAL IV increased with increasing 

Pu240 content. 

Germany 

Kusters introduced the paper MEACRP-L-210 on the current sta- 
-. 

tus of sodium void reactivity predictions. This was largely 



based on previous NEACRP discussions but the results of some 

additional investigations had been included. The paper had 

been presented at the Gatlinburg Conference. Topics covered 

by the paper included reactor physics aspects of fast reactor 

safety, the target accuracy for the sodium void effect and 

the theoretical assessment of the sodium void effect. Under 

the latter heading a discussion was given of the sensitivity 

of the sodium void reactivity effect to nuclear data uncer- 

tainties. Analysis of the NEACRP LMFBR benchmark had indica- 

ted that basic nuclear data uncertainties could lead to 

errors of about + 15 % in the estimation of the sodium void 

effect. Further'topics covered in this area included compu- 

tational errors and transport effects in whole core calcula- 

tions, the treatment of control rods, cell heterogeneity and 

neutron streaming. It was concluded that there was an uncer- 

tainty of about 20 % in the prediction of the overall hetero- 

geneity effect (including streaming) and that this led to an 

uncertainty of about 5 % in the total void reactivity effect. 

Temperature effects were briefly described and, in this case 

also, the uncertainty was taken as 20 % leading to an additio- 

nal uncertainty of 5 % in the net sodium void effect. Consi- 

deration of burn-up effects had included a re-investigation 

of the effects of higher plutonium isotopes. The analysis of 

earlier SNEAK measurements with proper treatment of spectrum 

effects etc. had reduced a discrepancy of a factor 2 to about 

25 %. It had also been shown that a similar discrepancy 

arising in the measurement of Pu240 effects in the PRE-RACINE 

programme could be correspondingly reduced. 

In conclusion the overall uncertainty in predicting the effect 

of voiding the inner core zones of a power reactor was esti- 

mated as * 25 % (lo) on the assumption that appropriate cal- 

culation methods were used. 

The Secretariat agreed to reproduce and distribute the sodium 



voiding status report and Kiisters agreed to assist the Se- 

'cretariat with the preparation of a cover note to be sent to 

the CSNI with a copy of the report. 

Askew presented the paper NEACRP-A:234 which outlined the 

fast reactor calculation methods available in the UK and des- 

cribed the application of these methods to the analysis of 

ZEBRA and SEFOR experiments. In the case of the investigation 

of subassembly heterogeneity effects in the SEFOR Doppler ex- 

periments three different levels of approximation were used 

in the treatment of heterogeneity i.e. (1) a cylindricalized 

sub-assembly (2) an improved sub-assembly representation in 

pin cluster geometry and ( 3 )  the inclusion of a boron car- 

bide rod heterogeneity effect using a broad group treatment 

and a more detailed representation of the cell. Comparison of 

the magnitude of the various heterogeneity effects showed 

that the fuel pin effect was the most significant. With all 

corrections applied the C/E for SEFOR-1 and SEFOR-2 were res- 

pectively 0.94 + 0.14 and 1.00 + 0.14. 

A similar investigation was made for a typical UK fast reactor 

design consisting of sub-assemblies with relatively massive 

wrappers. Calculations indicated that the fuel pin and wrap- 

per effects were of similar magnitude in this type of design. 

The total heterogeneity effect was 5 % of the whole core Dop- 

pler constant. The influence of neutron streaming on the 

flooded core Doppler effect was found to be small because the 

change in the neutron diffusion coefficient due to streaming 

was small in the flooded core and because the leakage compo- 

nent was a small part of the total Doppler effect. The influ- 

ence of the subassembly heterogeneity on the sodium void 

reactivity in a typical fast reactor had been studied using (1: 



a fuel pin cell with external sodium and wrapper material 

and (2) a homogenized fuel pin cell with the wrapper repre-. 

sented explicity. The combined effect of all heterogeneity 

corrections on the total maximum positive sodium void effect 

was about 2 $ .  

Till introduced the paper NEACRP-L-225 which reviewed the - 
current status of US work carried out during the past 3 years 

2 on the Monte Carlo based validation of the ENDF/MC -II/SDX 

cell homogenization route. The homogenization procedure in- 

volved three steps: (1) modelling from 3D to ID (2) the M C ~ -  

II/SDX generation of the 30-group cross-sections for cell-ave- 

raged reaction rates and (3) either the Benoist or Gelbard 
formulation for anisotropic, cell-averaged diffusion coeffi- 

cients. The paper described the detailed series of steps in- 

volved in testing against the high precision Monte Carlo cal- 

culation of the original 3D cell. When the Gelbard formulation 

for the diffusion coefficient was used the homogenization pro- 

cedure reproduced very closely the correct result. 

1.5 Nodal and coarse mesh codes 

Japan 

Inou6 presented the paper NEACRP-L-204 which described an im- 

proved few group coarse mesh method for the calculation of 

three-dimensional power distributions in fast breeder reactors. 

This method had been developed by modifying Askew's one-group 

method so that it could be easily incorporated into conven- 

tional diffusion codes. It employed modified macroscopic cross- 
89C,d(!r32'\ 



sections including group dependent corrections for coarse 

meshes. The improved method had been used as the basis of the 

three-dimensional diffusion code ICOM. 

Test calculations had been carried out for the prototype fast 

reactor MONJU using three different control rod patterns. 

The results given by the improved coarse mesh method were 

compared with those of a fine mesh calculation (based on the 

CITATION code) and a conventional coarse mesh calculation. 

The improved method gave values of K-effective within 0.01 % 

of those given by the fine mesh calculation while the conven- 

tional coarse mesh calculation gave values differing by up to 

1.1 % from the fine mesh values. Similar results were obtained 

in the calculation of control rod worths and power distribu- 

tions with the improved coarse mesh method giving effectively 

the same results as the fine mesh calculation. The computing 

time for the improved method was, however 8 times shorter than 

that required for the fine mesh case. 

Hirota introduced the papers NEACRP-L-207, L-205 and L-206. 

L-207 described the development of a three-dimensional neu- 

tron diffusion code series using the leakage iterative method 

which had been chosen because it eliminated the problem of 

estimating neutron leakages from a sub-region which occurs in 

the case of nodal and coarse mesh methods. In the leakage 

iterative meshod the reactor is divided into several layers 

along the z-axis and into several rectangular channels across 

the XY plane. A parallelepiped formed by a channel and a layer 

is called a block. A fine mesh difference approximation tech- 

nique is applied only to the channels and layers so that it 

is not necessary to calculate the neutron fluxes at all fine 

mesh points in the core and the computing time is correspon- 

dingly reduced. The neutron leakage from a block is calculated 

by a fine mesh difference approximation and the numerical 

error due to discretization is therefore minimized. 



Descriptions were given of the various codes developed using 

the leakage iterative method. 

L-205 described a static core performance simulator for light 

water reactors known as SCOPERS-2. This code was generally 

based on the FLARE code but contained a number of modifications 

and improvements including a generalized nodal equation and 

migration kernel. Three-dimensional power distribution calcu- 

lations for the reactor of the Japanese nuclear ship MUTSU 

were carried out using SCOPEBS-2 and the results were in good 

agreement with those of corresponding CITATION calculations. 

L-206 described an application of the finite element method 

to the solution of the three-dimensional neutron diffusion 

equation. A code known as FEM-BABEL incorporating the succes- 

sive over-relaxation method and the use of a finite element 

mesh generator had been developed for this purpose. Testing 

of this code has been carried out by com>arin& ics performance 

with that of the conventional finite difference CITATION code for (1) 

a homogeneous cubic reactor case that could also be solved 

analytically (2) a two-zone reactor with two energy groups 

and (3) a modified version of the IAEA three-dimensional PWR a 
benchmark problem. In the first case the FEM-BABEL and CITATION 

solutions for K-effective both lay within 0.01 % of the ana- 

lytical solution. For the second problem the K-eff values gi- 

ven by FEM-BABEL and CITATION agreed to within 0.2 % to 1.2 % 
depending on the mesh size but the computing time was shorter 

for FEN-BABEL. For the third problem it appeared that FEM-BABEL 

gave a better performance than CITATION in the calculation 

of power distributions in the region of the core-reflector 

interface. 

It was concluded that the three-dimensional finite element 

calculations were acceptable from the point of view of pre- 

cision and computing costs. 

89060022 



, Askew introduced the paper NEACRP-A-340 which described the 

use of the "kernel" method to calculate PWR power distribu- 

tion on a coarse mesh. The basis of this method is a detailed 

solution of the spatial fission source in a uniform array of 

pins or channels for unit source in the pin or channel at 

the origin. This distinguishes it from the most usual appli- 

cation of heterogeneous theory in which the base Green's 

function is that for a pure moderator. Variations in fuel 

absorption cross-section are dealt with by "re-starting" 

neutrons at thermal energies. The base solution is obtained 

by Monte Carlo methods and includes both space and energy 

effects. 

The method had been applied to a PWR with the aim of producing 

a coarse mesh model fromwhichindividual pin powers could 

easily be constructed. As a result of the smoothing influence 

of neutron migration it was possible to do this using a low 

resolution description of the fission source in the reactor. 

It was therefore envisaged that a coarse or nodal solution 

would be used for core follow studies and that a fine pin 

representation would follow using the earlier whole reactor 

solution as a fixed source. 

Testing of the method was carried out by using it to calcu- 

late the channel power distribution in the Beznau I reactor. 
A simple two-dimensional kernel calculation was carried out 

with one cell per channel. The root mean square deviation 

between the kernel values and measured values was 2.5 %, si- 

milar to the discrepancies given by a two-group diffusion 

calculation with four meshes per channel. A further test in- 

volved the calculation of power distribution in an infinite 

chequerboardlattice with zone enrichments of 1.80 Z and 
2.78 % U235. The results of the kernel calculation were corn- 



pared with those given by 6-group homogenized diffusion theory 

and reasonable agreement was obtained between the two methods. 

These preliminary studies suggested that the kernel method 

might be more than competitive with few group, coarse mesh cor- 

rected or finite element techniques. 

Germany 

Kiisters presented the paper NEACRP-A-238 which described the so- 

lution of the multigroup diffusion equation using a coarse 

mesh method based on local flux expansion within the indivi- 

dual nodes. The use of quadratic and cubic expansions led 

to the codes QUABOX and CUBBOX respectively. These codes had 

been tested successfully on the IAEA LWR benchmark. A parti- 

cular feature of this work was that, in addition to the solu- 

tion of three-dimensional power distributions, it also in- 

cluded the use of thermohydraulic models to represent correct- 

ly the influence of feedback effects from changes in the 

coolant conditions. This would allow the analysis of spatial 

effects in transients. It was also planned to introduce hete- 

rogeneous nodes so that the material properties within the 0 
nodes could be changed. This would allow burn-up effects t o  

be studied. 

Kiisters reported on the three-dimensional finite element code 

DIFGEN produced at the University of Stuttgart. This code 

could be used to solve the neutron diffusion equation in two 

and three-dimensional non-orthogonal geometries. Either coarse 

or fine mesh calculations could be carried out according to 

the detail required. The basic elements were triangles and, in 

the third dimension, these could become triangular prisms Or 

tetrahedra. The code had been tested successfully against the 

IAEA two- and three-dimensional LWR benchmark problems and 

also against HTR and FBR benchmarks. 



KUsters also described work on homogenization and group con- 

densation in coarse mesh calculations carried out at KWU. A 

self-consistent system of differential equations and boundary 

conditions for the determination of group parameters had 

been derived. The theory was based on the postulate that the 

integral reaction rates,average fluxes and average leakages 

were conserved. A unique feature of this theory was that flux 

continuity between adjacent homogenized regions was no longer 

postulated and the flux discontinuity was represented by an 

additional equivalent factor known as the heterogeneity fac- e tor. lor the description of the interaction between rectangu- 

lar assemblies itwas necessary to use the directional depen- 

dence of the diffusion coefficients and also of the heteroge- 

neity factors. The method has been checked against the BWR 

2-group problem defined by Henry and Worley and the numerical 

solution of the equivalence equations reproduced the integral 

quantities within five digits. 

a Bobkov summarized the topics covered by a collection of 

USSR reports which he offered to hand over for circulation to 

committee members. In view of the practical difficulties of 

copying the full collection of reports it was agreed that 

those specifically concerned with nodal and coarse mesh codes 

would be copied and distributed to interested members. 

Belgium 

Debrue described a nodal code MERCATOR, which had been developed 

by Belgian utilities for use in fuel management. This was a 

two dimensional code in.xy geometry and with two energy groups. 

It was known as a "nodal nodal" code because the space dependence 



of the flux was described according to the various modes of 

the flux distribution. It had been tested against the Michel- 

sen benchmark problem with excellent results. 

France 

Bouchard said that there had been no recent developments in 

France in the field of nodal and coarse mesh codes but re- 

minded the committee that ID and 2D finite element codes were 8 
included in the NEPTUNE code system which had been in use for 

some years. 

Till presented the paper NEACRP-L-226 which described a nodal 

method under development at ANL for multidimensional, multi- 

group fast reactor analysis using diffusion theory. This me- 

thod gave acceptably accurate results for realistic LMFBR pro- 

blems with considerable savings relative to finite difference 

methods. The method could also produce accurate and compu- 

tationally efficient solutions for LWR configurations such as 

the IAEA benchmark problem. 

Following a general discussion on the topic of nodal and coarse 

mesh methods it was agreed that the performance of such codes 

was of particular importance to reactor operators and that it 

would be appropriate for the NEACRP to set up a specialists' 

meeting on this topic with emphasis on rapid methods for core 

follow studies. Askew agreed to make arrangements for this 

meeting to be held in Paris towards the end of 1979. 



1.6.. Fuel cycles 

Italy 

Farinelli introduced his paper NEACRP-A-337 which gave a pre- 

liminary evaluation of the technical aspects of INFCE. He pointed 

out the difficulty of separating technical and political issues 

in INFCE studies. This mainly resulted from the problem of quanti- 

fying the criteria used to evaluate fuel cycles. On the question 

of proliferation-resistance INFCE had been useful in giving an 

understanding thata scale of proliferation-resistance did not 

exist. In some cases one might say that a given cycle was more 

proliferation-resistant than another but, in general the evalua- 

tion would be subjective or largely dependent on local circumstances 

and would also be time-dependent, e.g, in the past it was thought 

that isotopic separation was not feasible but it was now clear 

that it would be relatively easy to start with a mixture of 20% 

U233 in U238 and produce weapons grade U233 by centrifuge. 

Concerning the timescale of the INFCE studies it was generally 

agreed that technical remedies for proliferation were required 

during the next 20-25 years but very few of the new fuel cycles 

that were being proposed could have a large scale application on 

this timescale. The discussion had therefore been largely con- 

I centrated on the two original major lines: (1) the US position 

which advocates theonce through cycle in LWR's on the assumption 

'that there will be no shortage of uranium in the next 20 years 

and (2) the European and Japanese approach, which is more pessi- 

mistic concerning uraniun reserves (and especially the free 

availability cf uranium), and is therefore based on the repro- 

cessing of LWR fuel and che use of plutonium to start up fast 

breeders. These two strategies were effectively the only ones to 

emerge at the end of the INFCE discussions. Future possibilities 



might be that the US would propose improved once-through cycles 

and that the Europeens would improve the proliferation-resistance 

of their reprocessing strategies. Farinelli presented NEACRP-A-336 

which considered whether a global optimization of nuclear strate- 

gies was possible and concluded that this was not the case since 

the variety of criteria for selecting a strategy, their variation 

in time and space, the difficulty in their quantitative definition 

and the absence of many of the required data made long-term 

scenarios completely unreliable. Evaluation of the future r6les 

of fusion and hybrid reactors would have to be based on different 

criteria such as the importance of diversification of energy 

sources. 

Canada 

Duret introduced the paper NEACRP-A-330 which compared the long- 

term behaviour of a denatured uranium/thorium cycle with that of 

a normal thorium cycle using highly enriched uranium as topping 

material. The reactor calculations were carried out using the 

code WINS. Calculations of fuelling histories for both fuel 

cycles showed that most nuclides reached their equilibrium con- 

centrations relatively rapidly but that the concentrations of 
a 

U234 and U236 continued to increase beyond the 15th recycle 

generstion. Calculations of uranium utilization indicated that a 

natural U02 once-through cycle would use 160 tons of natural 

uranium per GWe installed per year while the denatured-uranium/ 

thorium cycle and the highly enriched uranium-thorium cycle 

required respectively 40 tons and 20 tons. The most important 

result of the calculations was that both denatured and highly 
enriched uranium-thorium cycles required uranium with a U235 

content greater than 20% for use as topping material. This 

implied that either cycle could only be used in connection 

with a safe international fuel cycle centre (IFCC). 

If, in the absence of IFCC's the required fissile topping 



could only be provided in denatured form then the denatured 

uranium/thoriun cycle would rapidly approach the uranium cycle 

because of progressive replacement of Th232 by U238. The de- 

natured cycle was not, therefore, particularly attractive. 

Switzerland 

Richmond presented the paper NEACRP-A-338 which described measure- 

ments in progress on a series of thorium-bearing fast reactor 

lattice configurations in PROTEUS. Measurements were made of the 

reaction rates Th232 (n,y), (n,f) and (n,2n) U233 (n,y), and 

U238 (n,y) and (n;f) relative to the Pu239 fission rate. Configura- 

tions examined to date were (1) a benchmark lattice of Pu02/U02 

rods which gave a check on infinitely dilute thorium data (2) a 

lattice in which one third of the Pu02 rods were replaced by Tho2 

rods to give a check on the shielded thorium data, and (3) a 

column of Tho2 as the centre of the Pu02/U02 lattice which was 

the first of a series of heterogeneous configurations intended 

primarily to give a check on calculation methods. Further measure- 

ments would be made in an axial Tho2 blanket and in a central 

column and axial blanket of thorium metal. 

e 
The results of the measurements to date had been compared with 

the predictions of calculations based on ENDF/B-4 data. For the 

two lattice configurations C/E values of 1.00 - 0.99 were ob- 
tained for the Th232 capture rate and the U233 fission rate. For 

the Th232 (n,2n) reaction rate the C/E values were in the range 

0.87 - 0.94 but this poor prediction may have arisen because 
the (n,2n) reaction occured only in the top two groups of the 

28-group structure used in the calculations. The U238 capture 

measurements indicated the usual ENDF/B-4 overprediction of 

about 5 % .  $or reaction rate measurements made on the axis of the 
central column the C/E values were generally within 1-2 % of the 

lattice values. Measurements of radial reaction rate distributions 



through the Tho2 column were analysed using spatially dependent 

cross-sections which were preparedby detailed modelling of cells 

extending through the interface region. These calculations pre- 

dicted the shape of the thorium capture, thorium fission and 

plutonium fission distributions within experimental errors of 

1-2 % but, for U238 capture the calculated distribution showed 

errors of the order of 6-10 %. 

u S - 
Till introduced the paper NEACRP-L-224 which gave initial results 

of integral measurements made in ZPPR assemblies 8A and 8C. The 

former of these was a reference plutonium-uranium oxide hetero- 

geneous configuration and the latter was identical except that 

thorium was loaded into the central blanket. Reaction rates were 

measured in the reference case relative to Pu239 fission and the 

results were analysed using calculations based on ENDF/B-4 data. 

For U235 fission the C/E  values were of the order of 1.03 while, 

for U238 capture, values of the order of 1.09 were obtained, 

corresponding to those quoted in the previous paper (A-338). In 

the case of Th232 capture the C/E values were consistently high 

in the fuel zones giving values of the order of 1.08. The Th232 

capture resulcs in the blanket zones were questionable because 

the cross-sections were averaged over the asymptotic blanket 

spectrum. The corresponding results for assembly 8C gave a C/E 

value for Th232 capture (relative to Pu239 fission) in the thorium 

blanket of 1.033 ? 0.008. Measurements of the reactivity worths 

of materials substituted at the centre of the central blanket 

led to C/E values of the order of 0.9 for both assemblies. These 

low C/E values were linked to the underprediction of the central 

flux. Measurements of Doppler reactivity changes indicated C/E 

discrepancies of 20 - 30 % for uranium oxide and thorium oxide 

samples in both assemblies. Measurements of sodium void reactivity 



showed that, in the central blanket, this was 6% lower in the 

thorium case than in the reference system. The calculated value, 

however was 20% lower. The reasons for this discrepancy were 

under investigation. The measurements on thorium-bearing lattices 

were continuing. 

Germany 

Kusters described studies related to alternative fuel cycles and 

reactor concepts in progress at KWU. Topics investigated were: 

(1) Potential improvements to the once-through fuelcycle for 

light water reactdrs (PWR). (2) Light water reactor (PWR) with 

Th-U-cycle and uranium recycle. (3) The pressure vessel type 

heavy water reactor on the natural and slightly enriched uranium 

once-through cycle. (4) The conceptuel design of a quasi- 

homogeneous pressurized heavy water reactor for operation on a 

closed Th-U233 fuel cycle. 

Kusters also described KWU work on plutonium recycle in LWRfs. 

The demonstration of commercial plutonium recycling had begun 

in 1972 following work on the design and fabrication of mixed 

oxide fuel assemblies and the irradiation of these in a number 

of KWU reactors. Fuel and core performance in the demonstration 

programmes had been very satisfactory. Sufficient evidence had 

been obtained to allow large-scale use of recycle fuels in LWR1s. 

Design studies for large-scale commercial recycling had involved 

. the investigation of various recycling modes including cores 

with both uranium oxide and mixed oxide fuel assemblies and 

"plutonium burners" in which all assemblies wre of mixed oxide 

with a single plutonium enrichment. 



N e t h e r l a n d s  

Debrue i n t r o d u c e d  t h e  p a p e r  NEACRP-A-332 which r e p o r t e d  on t h e  

Dutch  F i s s i o n  P r o d u c t  N u c l e a r  D a t a  P r o j e c t .  The p u r p o s e  o f  t h i s  

p r o j e c t  was t o  o b t a i n  n e u t r o n  c r o s s - s e c t i o n s  f o r  t h e  p r e d i c t i o n  

o f  t h e  e f f e c t s  o f  f i s s i o n  p r o d u c t s  i n  f as t  power r e a c t o r s .  F o r  

t h i s  p u r p o s e  n e u t r o n  c r o s s - s e c t i o n s  were  e v a l u a t e d  a n d , f r o m  t h e s e ,  

26-group c o n s t a n t s w e r e  c a l c u l a t e d  a n d  a d j u s t e d  t o  f i t  i n t e g r a l  

measu remen t s  p e r f o r m e d  a t  STEK ( P e t t e n )  and  CFRMF ( I d a h o ) .  

R e c e n t l y ,  a d j u s t m e n t s  had b e e n  a p p l i e d  a l s o  t o  e v a l u a t e d  p o i n t  

c r o s s - s e c t i o n s .  The p r o j e c t  was p e r f o r m e d  i n  t h e  framework o f  a 

c o l l a b o r a t i v e  ag reemen t  be tween  Germany, Belg ium and t h e  N e t h e r -  

l a n d s  on f a s t  b r e e d e r  r e a c t o r  d e v e l o p m e n t .  R e s u l t s  t o  d a t e  i n d i -  

c a t e d  t h a t  t h e  c o n t r i b u t i o n  o f  i n t e g r a l  measu remen t s  t o  t h e  

p r e s e n t  s t a t u s  o f  f a s t  f i s s i o n - p r o d u c t  c a p t u r e  c r o s s - s e c t i o n s  

was p a r t i c u l a r l y  i m p o r t a n t .  F o r  most n u c l i d e s  t h e  r e q u e s t e d  

a c c u r a c y  c o u l d  o n l y  be  r e a c h e d  by u s i n g  t h e s e  d a t a  i n  a n  a d j u s t m e n t  

p r o c e s s .  The c o n t r i b u t i o n  o f  STEK i n t e g r a l  d a t a  was e s p e c i a l l y  

s i g n i f i c a n t .  

F r a n c e  

Bouchard p r e s e n t e d  t h e  p a p e r  NEACRP-L-214 which d e s c r i b e d  work 

t h a t  had been  i n  p r o g r e s s  f o r  some y e a r s  on t h e  deve lopmen t  o f  

low e n r i c h e d  U02 p l a t e  f u e l  (Caramel) f o r  r e s e a r c h  and  t e s t  

r e a c t o r s .  T h i s  was i n t e n d e d  t o  r e p l a c e  ( f o r  r e a s o n s  o f  non- 

p r o l i f e r a t i o n )  t h e  h i g h l y  e n r i c h e d  u ran ium f u e l  n o r m a l l y  u s e d  

f o r  s u c h  r e a c t o r s .  I n  p r o d u c i n g  t h e  Caramel  f u e l  t h e  aim had  b e e n  

t o  m a i n t a i n  t h e  same p e r f o r m a n c e  l e v e l  a n d  t h e  same s a f e t y  and  

r e l i a b i l i t y  s t a n d a r d s  as i n  e x i s t i n g  r e a c t o r s  w i t h o u t  s u b s t a n -  

t i a l l y  i n c r e a s i n g  t h e  f u e l  c o s t s .  The Caramel  f u e l s  u s e d  s l i g h t l y  

e n r i c h e d  u ran ium b e c a u s e  o f  t h e  h i g h  d e n s i t y  o f  t h e  u ran ium 

o x i d e .  The r e a c t i v i t y  c o n t r o l  c a p a c i t y  o f  t h e  c o r e  was a d j u s t e d  

t o  t h e  bu rn -up  s o  t h a t  t h e . c y c l e  l e n g t h  r e m a i n e d  t h e  same as i n  



current reactors, the average burn-up being limited to 30'000 

MWD/t. The enrichment was maintained below 10 % and this led 

to conflicting requirements since (1) an economic fuel cycle 

cost required high reactivity which implied thick plates and 

wide water channels and (2) high performance required thin plates 

and narrow wacer gaps. The appropriate compromise between these 

conflicting requirements varied from one reactor to another. The 

research and development work associated with the Caramel pro- 

gramme also included studies for low and medium power land-based 

0 
plants and merchant naval propulsion piants. 

Bouchard introduced the paper NEACRP-L-218 which described the 

application of fuel history data to reprocessing plant input 

inspection. The paper pointed out that the use of simplified 

burn-up calculations in conjunction with a limited amount of 

data on the history of the irradiated fuel made it possible to 

predict the composition of the fuel to a very good approximation. 

Combination of these data with the results of destructive and 

non-destructive measurements made on fuel samples on entry into 

the reprocessing plant provided chacks on the accuracy of the 

predictions of fuel composition. Particular attention had been 

0 given to the use of the gravimetric balance method of determining 

plant input uranium and pldtonium masses. Checks carried out 

during the reporcessing of LWR fuel at the La Hague plant had 

confirmed the accuracy of this method. As a result it would be 

possible to reduce the number of more complicated analyses (e.g. 

estimation of neodynium) and hence to reduce the costs of the 

determinations of input material balance. 

In discussion it was generally felt that the situation in the 

field of isotope correlation techniques required some clarifi: 

cation and that it would be appropriate for the NEACRP to give 

further consideration to this area of work in the general frame- 



work of safeguards studies. It was agreed to include "Use of 

isotopic correlation techniques for the determination of fuel 

exposure history" as a new topic on the agenda for the 22nd 

meeting of the com~ittee. 

1.7. Miscellaneous topics 

Netherlands 

Debrue presented the paper NEACRP-A-343 which des cribed studies 

of the neutronics'characteristics of the Belt Screw-Pinch Reactor. 

Transport calculations had been performed in the toroidal belt 

geometry using albedos and absorption data obtained from a one- 

dimensional Sn calculation. For this purpose the code ANISN had 

been modified to produce the version ANISN-ALB and a new code 

known as FURNACE had been developed to perform multiple reflection 

calculations in toroidal belt geometry. Initial experience with 

these methods showed that they could give a good insight into tne 

neutronics and photonics of a toroidal fusion reactor. 

Germany 

Kiisters mentioned investigations of a number of CTR blanket de- 
signs which used beryllium as a neutron multiplier to obtain an 

adequate breeding ratio in systems with low lithium and tritium 

inventories. Measurements had been made of the neutron multipli- 

cation factor of beryllium and the measured results were about 

25 5 lower than the calculated values. This cast serious doubts 

on the suitability of beryllium as a neutron multiplier in CTR 

blankets. 



USSR - 
Bobkov introduced the paper NEACRP-A-329 which gave an outline 

description of the adjusted data set OSCAR 76. This was based 
on a set of evaluated integral experiments and a number of 

evaluated nuclear data files. Group cross-sections for U235, ~ 2 3 8 ,  

and Pu239 fission and capture were taken from the UXNDL file and 

used as a basis for the adjustment. Cross-sections of structural 

materials were obtained from Nulcear Data Centre evaluations. 

The remaining group cross-sections and all self-shielding factors 

were taken from che BNAE-20 data set. The differential data were 

adjusted using the results of the integral experiments. The data 

set had been checked by calculations on about 100 integral measure- 

ments and details of the C/E deviations were given in the paper. 

These were generally of the order of 1-3 % but larger discrepan- 

cies (C10-12 f 6 )  occurred in the case of F8/F5 and in the reactivity 

worth ratio of 310 to U235. The data set had been used for power 

reactor calculations and had given good predictions of critical 

mass, reactivity coefficients, sodium voiding and breeding ratio. 

Kazansanskij tabled a paper (in Russian) describing measurements 

on critical assemblies with unit k-infinity. The first of these 

was a uranium metal assembly on which measurements were made of 

k-infinity and the reaction rate ratios C8/F5, F8/F5 and F5/F9. 

Corrections had been applied for heterogeneity and for the pre- 

sence of structural materials. Agreement between measured and 

calculated results had been generally within experimental errors. 

A greater discrepancy arose in the case of the ratio F8/F5 but 

this was reduced following correction for fission chamber wall 

effects. Similar measurements (including neutron spectrum deter- 

minations) had been made on a U02 assembly with unit k-infinity. 

%offered to make data on this assembly available as the basis 

Of an international benchmark exercise in which other memebers 

would carry out their own cell calculations of the unit k-infinity 



lattice. The committee welcomed this offer and Kazanskij agreed 

to send the data to the Secretariat for distribution to members. 

Bouchard mentioned similar French measurements on a unit k-infinity 

U 0 2  lattice and agreed that he would also send the appropriate 

data to the Secretariat for distribution. 

Askew presented the paper NEACRP-A-323 which discussed the deri- 

vation of spatiaily averaged cross-sections suitable for use in 

transport theory whole reactor calculations. The spatially 

averaged cross-sections were derived from transport theory calcu- 

lations for a cell or supercell in which the fine structure was 

represented. The method was to average the cross-sections for the 

region to be homogenized so that the reactivity of the cell or 

supercell was the same for the fine structure representation and 

the homogenized region representation. This was achieved by spatial 

averaging with the neutron flux calculated for the fine structure 

representetion cell and the adjoint neutron flux calculated for 

the homogenized region cell. The method was applied to the homo- * 
genization of control rod fine structure for use in reactor cal- 

culations. A simple cylindrical representation of a control rod 
consisting of an inner absorber region surrounded by a coolant 

and structural material region was homogenized, the homogeni- 

zation calculation being made for a supercell containing the 

control rod region surrounded by core material. 



2 .  TOPICS CAR4IED OVER FROM PREVIOUS MEETINGS 

2 . 1 .  He te rogeneous  LMFBR c o r e s  

J a p a n  

Inou6  i n t r o d u c e d  t h e  p a p e r  NEACRP-A-320 which d e s c r i b e d  a compa- 

r i s o n  o f  t h e  p r o p e r t i e s  o f  a  1000 MMe homogeneous c o r e  w i t h  t h o s e  

o f  a s e l e c t i o n  o f  1 2  h e t e r o g e n e o u s  c o r e s .  The homogeneous c o r e  

had t h e  same f u e l  p i n s ,  p l u t o n i u m  v e c t o r  a n d  l i n e a r  h e a t  

r a t i n g  as t h e  p r o t o t y p e  f a s t  r e a c t o r  MOMJU. I n  t h e  h e t e r o g e n e o u s  

c o r e s  t h e  f u e l  and  c o n t r o l  r o d  a s s e m b l i e s  were c h e  same a s  t h o s e  

o f  t h e  homogeneous c o r e  and t h e  c o r e  volume was e q u a l  t o  t h a t  o f  

t h e  homogeneous c o r e .  The 1 2  n e t e r o g e n e o u s  c o r e s  were d i . ~ i d i d e d  

i n t o  two e q u a l  g r o u p s :  t h o s e  w i t h  i n t e r n a l  a x i a l  b l a n k e t s  and  

t h o s e  w i t h  i n ~ e r n a l  r a d i a l  b l a n k e t s .  C a l c u l a t i o n s  were  made o f  

t h e  v a l u e s  o f  b r e e d i n g  r a t i o ,  d o u b l i n g  t i m e s  a n d  sodium v o i d  r e -  

a c t i v i t y ,  c o n t r o l  r o d  r e a c t i v i t y  w o r t h  a n d  t h e r m o h y d r a u l i c  

c h a r a c t e r i s t i c s  f o r  t h e  v a r i o u s  c o r e s  u n d e r  i n v e s t i g a t i o n .  On t h e  

b a s i s  o f  t h i s  d a t a  i t  was c o n c l u d e d  t h a t  t h e  h e t e r o g e n e o u s  c o r e s  

g i v i n g  t h e  b e s t  b r e e d i n g  pe r fo rmance  were ( 1 )  a c o r e  w i t h  a n  

i n t e r n a l  a x i a l  b l a n k e t  a b o u t  j 0  cm t h i c k  and  ( 2 )  a c o r e  w i t h  

s e v e r a l  t h i n  i n t e r n a l  r a d i a l  b l a n k e t s .  A compar i son  o f  t h e  c h a r a c -  

t e r i s t i c s  o f  t h e s e  two c o r e s  w i t h  t h o s e  o f  t h e  homogeneous c o r e  

showed t h a t  t h e  h e t e r o g e n e o u s  c o r e s  had g r e a t e r  b r e e d i n g  r a t i o ,  

s h o r t e r  d o u b l i n g  t i m e ,  l a r g e r  p l u t o n i u m  i n v e n t o r y ,  l o w e r  sodium 

v o i d  r e a c t i v i t y ,  l o w e r  burn-up  r e a c t i v i t y ,  s m a l l e r  c o n t r o l  r o d  

r e a c t i v i t y  w o r t h s  (when t h e  same c o n t r o l  r o d  p a t t e r n  was u s e d  

f o r  b o t h  t y p e s  o f  c o r e )  and a l a r g e r  c o o l a n t  f l o w  r a t e .  

H i r o t a  i n t r o d u c e d  t h e  p a p e r  NZACRP-L-203 which d e s c r i b e d  a n  

e x p e r i m e n t a l  s t u d y  made on FCA Assembly V I I - 3  which had a n  i n -  

t e r n a l  b l a n k e t  a t  t h e  mid-p lane  o f  t h e  c y l i n d r i c a l  c o r e .  Mesure- 

men t s  were made o f  c r i t i c a l i t y ,  sodium v o i d  w o r t h s ,  s ample  r e a c -  



t i v i t y  w o r t h s ,  f i s s i o n  r a t e  r a t i o s  and  r e a c t i o n  r a t e  d i s t r i b u t i o n s  

f o r  i n t e g r a l  b l a n k e t  t h i c k n e s s e s  i n  t h e  r a n g e  20-40 crn and f o r  

v a r y i n g  U238 and p l u t o n i u m  c o n t e n t s  o f  t h e  b l a n k e t .  

The measurements  o f  t h e  a x i a l  d i s t r i b u t i o n  o f  sodium w o r t h  i n d i -  . 
c a t e d  a  t r o u g h  i n  t h e  r e g i o n  o f  t h e  i n t e r f a c e  be tween t h e  c o r e  

and  t h e  i n t e r n a l  b l a n k e t  and a l s o  showed t h a t  t h e  v o i d  w o r t h  a t  

t h e  c e n t r e  o f  t h e  b l a n k e t  was more p o s i t i v e  t h a n  t h a t  i n  t h e  

c o r e .  The sodium v o i d  w o r t h  was n o t  s e n s i t i v e  t o  t h e  c o m p o s i t i o n  

o f  t h e  i n t e r n a l  b l a n k e t .  

The v o i d  w o r t h  i n , t h e  i n t e r n a l  b l a n k e t  i n c r e a s e d  w i t h  i n c r e a s i n g  

i n t e r n a l  b l a n k e t  t h i c k n e s s  b u t  t h e  v o i d  w o r t h  i n  t h e  c o r e  zone 

was r e d u c e d  by a b o u t  35 % a s  t h e  i n t e r n a l  b l a n k e t  i n c r e a s e d  f rom 

20 cm t o  40 c n .  

D i f f u s i o n  t h e o r y  c a l c u l a t i o n s  based  on t h e  JAERI F a s t  S e t  V e r s i o n  I1 

were c a r r i e d  ouc f o r  t h e  c a s e  w i t h  an  i n t e r n a l  b l a n k e t  t h i c k n e s s  

o f  30 cm. Good ag reemen t  was o b t a i n e d  be tween c a l c u l a t i o n  and  

e x p e r i m e n t  f o r  t h e  a x i a l  d i s t r i b u t i o n s  o f  Pu239 f i s s i o n  r a t e  and  

Pu sample  w o r t h .  The c a l c u l a t i o n  t e n d e d  t o  o v e r e s t i m a t e  t h e  U238 

f i s s i o n  r a t e  and t o  u n d e r e s t i m a t e  U235 f i s s i o n  and U238 c a p t u r e  

r a t e s  i n  t h e  i n t e r n a l  b l a n k e t  r e l a t i v e  t o  t n e  c o r r e s p o n d i n g  
a 

r e a c t i o n  r a t e s  i n  t h e  c o r e  zone .  The a x i a l  d i s t r i b u t i o n  o f  t h e  

sodium v o i d  w o r t h  was f a i r l y  w e l l  p r e d i c t e d  b u t  t h e r e  was a  d i s -  

c o n t i n u i t y  o f  more t h a n  20 % i n  t h e  C/E v a l u e  a t  t h e  i n t e r f a c e  

o f  t h e  i n t e r n a l  b l a n k e t  and t h e  c o r e  z o n e .  

B a r r 6  p r e s e n t e d  t h e  p a p e r  NEACRP-L-215 which i n d i c a t e d  t h e  c u r r e n t  

s t a t u s  o f  work aimed a t  improv ing  t h e  c h a r a c t e r i s t i c s  o f  f a s t  

b r e e d e r s .  I n i t i a l  p a r a m e t r i c  s t u d i e s  c o n c e r n e d  w i t h  o p t i m i z i n g  

t h e  r a t e  o f  i n t r o d u c t i o n  o f  f a s t  b r e e d e r s  were  aimed a t  t h e  r e -  

d u c t i o n  of f u e l  i n v e n t o r y  and  had been c a r r i e d  o u t  u s i n g  c o r e s  



o f  t h e  SUPER-PHENIX t y p e  w i t h  t h e  c o n s t r a i n t  t h a t  t h e  f u e l  p e l l e t  

d i a m t e t e r ,  subassembly  s i z e  and  c o r e  h e i g h t  were a l l  f i x e d .  These  

s t u d i e s  h a d , i n  p a r t i c u l a r ,  c o n f i r m e d  a n  e a r l i e r  r e s u l t  t h a t  t h e  

u s e  o f  3  e n r i c h m e n t  z o n e s  r a t h e r  t h a n  2  was n o t  w o r t h w h i l e  be- 

c a u s e  t h e  r e d u c t i o n  i n  f u e l  i n v e n t o r y  was o n l y  a b o u t  3% and t h i s  

d i d  n o t  compensa te  f o r  t h e  a d d i t i o n a l  p r o b l e m s - r e l a t e d  t o  f u e l  

f a b r i c a t i o n  and  management. 

S t u d i e s  o f  h e t e r o g e n e o u s  c o r e s ,  a l s o  a imed i n i t i a l l y  a t  t h e  r e -  

d u c t i o n  o f  c r i t i c a l  mass, had i n c l u d e d  a c o r e  w i t h  a n  a x i a l  i n -  

t e r n a l  b l a n k e t  and a c o r e  w i t h  two i n t e r n a l  r a d i a l  b l a n k e t s .  

N e i t h e r  c o r e  c o n t a i n e d  c o n t r o l  r o d s .  I n i t i a l  a n a l y s i s  u s i n g  one-  

d i m e n s i o n a l  c y l i n d r i c a l  c a l c u l a t i o n s  i n d i c a t e d  t h a t  a h e t e r o g e n e o u s  

c o r e  w i t h  a f e r t i l a  t o  f i s s i l e  sub -as sembly  r a t i o  o f  0.16 had a 

c r i t i c a l  mass 3% g r e a t e r  t h a n  a c o r r e s p o n d i n g  h e t e r o g e n e o u s  c o r e  

b u t  a 20 % s h o r t e r  d o u b l i n g  t i m e  b e c a u s e  o f  t h e  improved b r e e d i n g  g a i n  

which was 0 . 0 7  g r e a t e r  t n a n  t h e  homogeneous c o r e  v a l u e .  

F u r t h e r  s t u d i e s  would i n v o l v e  t w o - d i m e n s i o n a l  c a l c u l a t i o n s ,  c o n t r o l  

r o d  l o c a t i o n  s t u d i e s  and  i n v e s t i g a t o n  o f  sodium v o i d  e f f e c t s .  

Belg ium 

Debrue men t ioned  work b e i n g  c a r r i e d  o u t  a t  B e l g o n u c l e a i r e  i n  

c o l l a b o r a t i o n  w i t h  I n t e r a t o m  i n  c o n n e c t i o n  w i t h  t h e  d e s i g n  o f  

the1300Wde SNR2 r e a c t o r .  S t u d i e s  were  made o f  t h e  a d j u s t m e n t  o f  

t h e  l a y - o u t  o f  b r e e d i n g  z o n e s  t o  p t i m i z e  t h e  power d i s t r i b u t i o n  

and  c o n s i d e r a t o n  was a l s o  g i v e n  t o  p l u t o n i u m  i n v e n t o r y ,  c o r e  

s i z e  and b r e e d i n g  p r o p e r t i e s .  I n  t h e s e  s t u d i e s  t h e  f r a c t i o n  o f  

f e r t i l e  m a t e r i a l  i n  t h e  c o r e  was h e l d  t o  25-30 % o f  t o t a l  c o r e  

volume and a s t a r t - o f - l i f e  c o m p o s i t i o n  w i t h  no  c o n t r o l  r o d s  was 

as sumed .  Comparison w i t h  a  c o r r e s p o n d i n g  homogeneous c a s e  i n d i -  



c a t e d  t h a t  t h e  heterogeneous  sys tem had a  p lutonium inven to ry  

1 2 %  g r e a t e r ,  a  b r eed ing  r a t i o  5% g r e a t e r  and a  doub l ing  t ime 8% 

s h o r t e r .  

S a f e t y  s t u d i e s  had sugges ted  t h a t  t h e  behaviour  of  t h e  two c o r e s  

was s i m i l a r  from t h e  s a f e t y  a n g l e .  

T i l l  i n t roduced  t h e  paper  NEACRP -L-223 which gave a  comparison - 
of C/E v a l u e s  ob t a ined  f o r  a  s e r i e s  of  conven t iona l  and homogeneous 

a s s e m b l i e s  i n  ZPPR u s i n g  c o n s i s t e n t  methods and d a t a .  The assem- 

b l i e s  i n v e s t i g a t e d  had s i m i l a r  c r i t i c a l  masses .  Analyses of  t h e  

r e s u l t s  was c a r r i e d  ou t  u s i n g  r z  d i f f u s i o n  t h e o r y  and ENDF/B 

Version I V  d a m i n  28 energy groups .  A f t e r  t h e  a p p l i c a t i o n  of  

c o r r e c t i o n s  f o r  s t r eaming ,  t r a n s p o r t  and a  number of  minor e f f e c t s  

t h e  k -e f f  C / E  va lues  f o r  a l l  a s s e m b l i e s  were of  t h e  o r d e r  o f  

0 .98 .  

Ex tens ive  r e a c t i o n  r a t e  d i s t r i b u t i o n s  f o r  Pu239, U235, and U238 

f i s s i o n  and f o r  U238 c a p t u r e  were measured i n  a l l  a s s e m b l i e s .  I n  0 
a s s e m b l i e s  7 A  and 7 B ,  which had t h e  most he te rogeneous  f u e l  

d i s t r i b u t i o n s ,  t h e  U235 f i s s i o n  r a t e  showed a  " f l u x  t i l tn  i n  t h e  

s e n s e  t h a t  C / E  v a l u e s  ranged from about  3.00 i n  t h e  c e n t r e  t o  

1 .04 i n  t h e  o u t e r  c o r e  r i n g .  The a p p l i c a t i o n  o f  a  v a r i e t y  of  

c o r r e c t i o n s  succeeded only  i n  h a l v i n g  t h i s  t i l t .  Some s t u d i e s  

were made o f  t h e  e f f e c t  of  c r o s s - s e c t i o n  a l t e r a t i o n s  on t h e  shape 

o f  t h e  f l u x  d i s t r i b u t i o n  i n  assembly 7 A .  It was concluded t h a t  

t h e  major s e n s i t i v i t i e s  were t o  U238 c a p t u r e  and i n e l a s t i c  

s c a t t e r i n g  which gave r e s p e c t i v e l y  t h r e e  t imes  and f i v e  t imes  

g r e a t e r  e f f e c t s  i n  t h e  he te rogeneous  c a s e  t han  i n  t h e  homogeneous 

c a s e .  It would t h e r e f o r e  be p o s s i b l e  t o  p o s t u l a t e  changes i n  



these data which would account for the residual flux discrepancy. 

In assemblies 7A and 7B the U238 fission rates varied by as much 
as a factor of two between adjacent fuel and blanket subassemblies. 

Diffusion theory calculations gave relative errors of 25% and 

the use of transport theory reduced the differences to 11%. 

Improved multigroup cross-section processing which treated 

coupled core and blanket cells reduced the discrepancy to 2%. A 

study of the ratio of U238 capture to Pu239 fission in the 

various regions of the heterogeneous assemblies gave C/E values 

of the order of 1.1 in the fuel regions and 1.07 in the internal 

blankets. The use of transport instead of diffusion theory made 

little difference.to these discrepancies. Studies of control rod 

worths indicated C/E values of the order of 1.08 for the homo- 

geneous assemblies and 1.00 for the he~erogeneous. Application 

of a variety of corrections to the calculated control rod worths 

generally improved the C/9 values. Measurements of sodium void 

reactivities showed that, for zones near the centre of assembly 

7A, the positive component of sodium worth was reduced relative 

to the corresponding values in homogeneous cores. 

Till presented the paper NEACRP-L-222 which summarized a detailed 

set of control rod interaction experiments carried out in hetero- 

geneous cores in ZPPR, The interactions in heterogeneous cores 

were much greater than these in the corresponding homogeneous 

cores. In a particular case the value of two control rods in a 

ring changed by 340% according to whether the remainder of the 

ring were empty or filled with rods. All of these very large 

interaction effects were well predicted by routine diffusion 

theory calculations. 

In a general discussion members stressed the continued importance 

of heterogeneous core studies and it was agreed that this topic 

would be included on the Agenda of the next meeting of the 

Committee. 



2.2. Establishment of power peaking margins. 

Japan 

Inoue presented the paper NEACRP-L-208 which described the de- 

velopment of a computer programme for optimal control rod pro- 

gramming of a BWR with the aim of maximizing cycle length under 

the various operational constraints. A particular feature of 

this approach was that a realistic three-dimensional model of the 

core was used. The scale of the problem was reduced by dividing 

it into two stages: (1) an inner loop optimization to determine 

a 
the control rod positions that minimizedthe mean square difference 

between the power distribution and the target distribution at 

each burn-up step and (2) an outer loop optimization to modify 

the target power distribution so as to minimize the residual 

control rods at the end of cycle. Test calculations carried out 

on a reference core indicated core lifetimes longer than those 

obtained using Haling's method. 

France 

Bouchard introduced the paper NEACRP-L-221 which indicated the 

current status of a PWR protection system and described proposed 

improvements. Tne existing system was a AT system which protected 

the core from overpower conditions and DNB. A trip was initiated 

when the power level equalled a power limit which was a function 

of temperature and pressure and a parameter depending on the 

difference between the power operation in the upper and lower 

halves of the core. The latter parameter (known as the axial 

offset-A0) was measured by out-of-core detectors, each having 

two vertical sections. Nuclear design calculations were used to 

produce a 3D power distribution and to correlate the parameter A 0  
with the total power peaking factor and the enthalpy rise hot 



channel factor. Calculations were carried out for normal opera- 

tion, including normal transients,and an envelope was drawn 

over the "calculated" points to represent an upper bound envelope 

on local power density as a function of vertical position in the 

core. This was an input to the LOCA analysis which had to satis- 

fy the corresponding safety criteria, Class I1 events such as 

control rod malfunction and operator errors were also simulated. 

Improvements to the protection system had been made possible by 

the use of out-of-core detectors with several vertical sections 

giving a more detailed picture of the axial power distribution 

and microprocessors which could deal with complex algorithms on 

a short response time. The improved syscem allowed the a c ~ u a l  

power distribution to be used to determine the DNaR on an on- 

line basis. It enhanced the level of safety in the sense that, 

by the use of aore accurate instrumentation it allowed the pro- 

tection system to include the effect of adverse power shapes 

much more effectively. 

In discussion the importance of this topic was emphasized and it 

was agreed that it should remain on the agenda for discussion at 

@the next meeting of the committee. Members agreed to make efforts 

to obtain the maximum number of contributions to this discussion. 

3. NATIONAL PROGRAMMES 

3.1. Review of recent activities, national programmes, evaluation 
work 

The national reports prepared by NEACRP members were presented 

and discussed. 



4. BENCHMARKS 

4.1. LMFBR Benchmark 

Till tabled a number of documents relating to the LMFBR benchmark - 
exercise. These were the papers NEACRP-L-227 and A-344 plus four 

short synopsis documents ("Radial Distributionsu, "Central Control 

Rod Worthu, "Central Worth Discrepancy", "Proposed NEACRP Compar- 

ison Calculationsv) together with "Plots and Tables of Contributed 

 solution^^^. 

Till summarized the main conclusions of the report L-227 which 

were as follows: 

(1) There were large differences between the radial fission rate 

and worth distributions given by the various solutions. These 

distributions appeared to be sensitive to small variations in the 

k-infinity difference between inner and outer core zones produced 

by the specified enrichment difference between these zones. In 

general the adjusted sets showed much smaller k-infinity differ- 

ences between the two zones and a correspondingly greater flux 

drop at the edge of the inner zone. The flux drops predicted by 

the various national solutions ranged from 0.75 to 0.9. It was 

also noted that participants whose solutionsdisagreed on the 

1250 MWe benchmark had each obtained good agreement with experiment 

on 300 MWe size critical experiments. 

(2) There were very large differences (amounting to a 4 5 %  spread) 

in the various calculated values of the worth of a single central 

control rod. These differences were not well correlated with the 

calculated values of central boron worths. 

(3) In general there were strong correlations between k-eff, 

k-infinity, breeding ratio and reaction rate ratios but the corre- 

lations betxeen central worths, control rod worth, leakage and 

safety parameters were weak. 



( 4 )  T h e r e  were l a r g e  v a r i a t i o n s  i n  t h e  s t r u c t u r a l  mater ia l  c r o s s -  

s e c t i o n s  a n d  i n  t h e  c o r r e s p o n d i n g  c a p t u r e  rates .  T h e s e  a p p e a r e d  

t o  b e  d u e  a s  much t o  t h e  p r o c e s s i n g  methods  as  t o  t h e  b a s i c  d a t a  

f i l e s .  

( 5 )  I n  t h e  a d j u s t e d  d a t a  se ts  t h e  i n t e g r a l  p a r a m e t e r s  had  con- 

s i d e r a b l y  l e s s  s c a t t e r  t h a n  i n  t h e  n o n - a d j u s t e d  sets  b u t  t h e  

s c a t t e r  i n  t h e  c a l c u l a t e d  c r o s s - s e c t i o n s  was a b o u t  t h e  same f o r  

b o t h  a d j u s t e d  and n o n - a d j u s t e d  se ts .  

T i l l  i n t r o d u c e d  t h e  p a p e r  A-344 which  aimed t o  t a k e  t h e  c r o s s -  - 
s e c t i o n s  f rom PGL5, CARNAVAL-111 and  ENDF/B-IV and  t o  r e l a t e  t h e  

d i f f e r e n c e s  i n  i n t e g r a l  p a r a m e t e r s  t o  t h e  d i f f e r e n c e s  i n  t h e  

c r o s s - s e c t i o n s .  R e l a t i v e  t o  ENDF/B-4 t h e  a d j u s t e d  s e t s  g a v e  k - e f f  

v a l u e s  a b o u t  3% h i g h e r  and v a l u e s  o f  t h e  maxinum t o  ninimum i n n e r  

c o r e  power r a t i o  8 - 1 1 , s  h i g h e r .  C o n t r o l  r o d  w o r t h  r e l a t i v e  t o  f u e l  

was 21% h i g h e r  f o r  FGL5 and  34% h i g h e r  f o r  CARNAVAL-111. D e t a i l e d  

c a l c u l a t i o n s  o f  t h e  c h a n g e s  i n  k - e f f  g i v e n  by t h e  l i s t e d  c r o s s -  

s e c t i o n  d i f f e r e n c e s  showed t h a t  t h e s e  a c c o u n t e d  f o r  a b o u t  80% o f  

t h e  k - e f f  d i f f e r e n c e  be tween ENDF/B-4 a n d  FGL5 f o r  t h e  benchmark 

c a l c u l a t i o n .  S i m i l a r  c a l c u l a t i o n s  c a r r i e d  o u t  f o r  ZPPR-2 (350  MUe 

s i z e )  and  ZPPR9 ( 7 0 0  MWe s i z e )  i n d i c a t e d  t h a t  s e n s i t i v i t i e s  f o r  

power d i s t r i b u t i o n s  and c o n t r o l  r o d  w o r t h s  f o r  Assembly 9 were 

l a r g e r  t h a n  t h o s e  f o r  Assembly 2 .  T h i s  s h o u l d  a l s o  b e  t h e  c a s e  f o r  

some o t h e r  p r o p e r t i e s  s u c h  as  c e n t r a l  r e a c t i v i t y  w o r t h s .  The 

s e n s i t i v i t i e s  f o r  Assembly 9  a p p r o a c h e d  t h o s e  o f  t h e  1250  MWe bench-  

mark s o  t h a t  o n l y  a small e x t r a p o l a t i o n  o f  t h e  i n t e g r a l  d a t a  would 

be  n e e d e d .  A n a l y s i s  o f  ZPPR-9 and  BIZET e x p e r i m e n t s  would b e  

c a r r i e d  o u t  t o  t e s t  t h e  p e r f o r m a n c e  o f  d a t a  l i b r a r i e s  i n  l a r g e  

c o r e  s i t u a t i o n s .  

A p a r t i c u l a r l y  p u z z l i n g  d i s c r e p a n c y  c o n c e r n e d  t h e  d i f f e r e n c e s  i n  

l e a k a g e  and  d i f f u s i o n  c o e f f i c i e n t  be tween  t h e  v a r i o u s  s o l u t i o n s .  

The c u r r e n t  s i t u a t i o n  was t h a t  s m a l l e r  d i f f u s i o n  c o e f f i c i e n t s  were  



p r e d i c t e d  i n  t h e  s o l u t i o n s  wi th  h i g h e r  l e a k a g e s .  T h i s  t o t a l l y  

i n c o n s i s t e n t  s i t u a t i o n  was be ing  f u r t h e r  i n v e s t i g a t e d .  

Fol lowing d i s c u s s i o n  members agreed t o  con t inue  w i th  t h e i r  de- 

t a i l e d  a n a l y s e s  o f  t h e  sourcesof  d i s c r e p a n c i e s  i n  t h e  benchmark 

and t o  b r i n g  forward t h e i r  r e s u l t s  a t  t h e  nex t  meet ing of  t h e  

committee where t h i s  t o p i c  would be i nc luded  on t h e  Agenda. 

Kiisters  agreed  t o  p r e s e n t  t h e  paper  NEACRP-L-227 a t  t h e  n e x t  

meet ing of  t h e  CSNI and t h e  S e c r e t a r i a t  agreed  t o  i n fo rm him of  

t h e  t ime and p l a c e  of  t h i s  meet ing.  

The committee exp re s sed  i t s  a p p r e c i a t i o n  of  t h e  e x c e l l e n t  work 

c a r r i e d  ou t  by ANL i n  t h e  a n a l y s i s  of t h e  benchmark r e s u l t s .  

Askew p r e s e n t e d  t h e  paper  NEACRP-A-322 which gave a comparison 

o f  neu t ron  d i f f u s i o n  t h e o r y  codes  u s i n g  t h e  SNR 300 benchmark 

model. An e a r l i e r  i n v e s t i g a t i o n  had compared a  v a r i e t y  of  d i f f u s i o n  

codes but  a l l  excep t  one o f  t h e s e  had been mesh-edged f i n i t e  

d i f f e r e n c e  (MEDF) codes .  The c u r r e n t  paper  took t h e  o r i g i n a l  

r e s u l t s  and added c a l c u l a t i o n s  performed by t h e  UK codes  TIGAR 

and SNAP, bo th  o f  which used mesh-centered d i f f e r e n c e  fo rmulae  

(MCDF). A l l  t h e  c a l c u l a t i o n s  w i th  t h e  MCDF codes  TIGAR, SNAP and 

CITATION showed good agreement i n  k -e f f  when t h i s  was c a l c u l a t e d  

f o r  TIGAR and SNAP a t  f i n e  mesh u s i n g  a  n e u t r o n  ba l ance  e d i t .  The 

e r r o r s  i n  t h e  T I G A R  and SNAP c a l c u l a t e d  v a l u e s  f o r  k -e f f  f o r  t h e  

two d imens iona l  benchmark problems were found t o  e x h i b i t  a  good 

l i n e a r  r e l a t i o n s h i p  w i th  t h e  squa re  o f  t h e  mesh i n t e r v a l .  S i m i l a r  

r e l a t i o n s h i p s  e x i s t e d  f o r  t h e  o t h e r  codes  used i n  t h e  benchmark 

a l t hough  t h e r e  was some ev idence  of  rounding  e r r o r s  i n  t h e  f i n e  

mesh r e s u l t s  quo ted  i n  e a r l i e r  work f o r  t h e  MEDF code D I X Y .  When 

t h e  k-eff  v a l u e s  were e x t r a p o l a t e d  t o  cor respond  t o  an i n f i n i t e  

mesh t h e  r e s u l t s  ob t a ined  u s i n g  t h e  MCDF codes  TIGAR, SNAP and 



CITATION were found to agree well with those given by the MEDF 

codes HEXAGA 11, TRIBU and DIXY. This agreement indicated that 

no significant errors arising from the finite difference approxima- 

tion but independent of mesh spacing were present in these calcu- 

lat ions. 

In discussion Ros6n mentioned that it would be useful to Data 

Bank users if documents such as A-322 could be given an L distribu- 

tion. Askew agreed to investigate whether his paper could be issued 

on an L distribution and inform the Secretariat. 

4.2. Hydrogen entry benchmark 

Kusters reported that little additional material had been received 

since the previous NEACRP meeting and that it was not felt to be 

appropriate to organize a specialists' meeting to discuss the 

results of this benchmark. Richmond agreed to contact Kiefhaber in 

connection with a.review of the results. 

4.3. Follow-up Dynamic Benchmark Exercise 

Kusters proposed that the committee should set up a dynamic benchmark 

exercise as a follow-up to the benchmark discussed at the joint 

NEACRP/CSNI specialists' meeting held at Munich in 1975. He prepared 

a proposal during the course of the meeting (see Annex 6 )  and this 

was accepted by the committee. KUsters said that he would appreciate 

assistance from members in organizing the benchmark. He agreed to 

circulated to members a list of participants in the previous bench- 

mark and members agreed to check what assistance could be provided. 



The benchmark was further discusssd in connection with the IAEA 
activities report (see Section 5.3). 

5. GENERAL 

5.1. Highlights of recent meetings of interest to NEACRP 

SMORN I1 (Gatlinburg September 1977) ------------------- 2 4 - - -  --------_--- 
Since the proceedings had already been published and since a number 

of NEACRP members had attended SMORN 11, the meeting was not further 

discussed. 

It was expected that the proceedings of this mee~ing would be 

published shortly. The Secretariat agreed to ask the organizer 

of the meeting (Bockhoff) to distribute to members a summary of 

the conclusions of the meeting. It was also agreed that, in general, 

the organizer of a specialists' meeting sponsored (or co-spon- 

sored) b y  the NEACRP should submit a report on the conclusions of the 

meeting to the next session of the NEACRP before making the pro- 

ceedings public. Johnston confirmed that this point was being in- 

cluded in the "Guide lines for organizers of NEACRP specialists1 

meetings1'. 

Kusters expressed the view that the meeting had been overloaded 

with review papers which had amounted to about 50% of the total 

number of papers. He also felt that the organizers of the meeting 



had not paid sufficient attention to the conclusions of earlier 

meetings on the requirements for nuclear data. Most of the data 

requirements expressed at Harwell had already been put forward 

at earlier conferences and effectively no new requests had emerged. 

Rief reported that the meeting had concentrated mainly on the iron - 
and sodium benchmark measurements, contributions had been made by 

@.Tapan, Switzerland, Euratom, Italy and the UK. The Japanese dele- 

gate presented the results of recent iron and sodium measurements 

and concluded that two-dimensional calculations were needed to 

obtain satisfactory agreement between calculated and measured 

fluxes. No sensitivity analysis was presented. The Swiss contri- 

bution included a full listing of the results of PROTUES shielding 

measurements in iron and stainless steel together with their 

theoretical interpretation by 1 D  and 2 D  Sn calculations. The 

calculated results were in reasonable agreement with the measured 

values for penetration depths up to about 60 cm. The UK contri- 

bution was a preliminary paper by McCracken setting out his 

approach on data adjustment and giving some initial adjustment a results obtained using ASPIS measurements. He also gave a detailed 
identification of shielding data requirements. On the Euratom side 

the first results of experiments on EURACOS were presented. 

5.2. Specialists' meetings planned or proposed 

Third Specialists1 Meeting on Reactor Noise (SMORN 111) ------- ----------------- ............................. 
It was agreed that the SMOHN I11 meeting would be held in Japan 

in 1981. The- Secretariat agreed to write to the IAEA informing them 

of the meeting and inviting IAEA participation and also to write 

to the CSNI inviting them to co-sponsor the meeting. 



International Symposium on Fast Reactor Physics (Aix-en-Provence) ................................................................. 
September 1979) -- ------LA------ 

This Symposium was initially discussed in connection with the 

IAEA Activities report (see Section A.5.3.). 

The Secretariat agreed to distribute the IAEA Information Sheet 

on the Symposium to NEACRP members with an explanatory cover note. 

Discussion concerning the organizational problems of this meeting 

is noted in Section A.5.3. 

The committee felt that it would be useful to have a statement 

from the organizer of this meeting giving the current status of 

fission product data evaluation and indicating what changes have 

taken place since the previous meeting on this topic (Petten, 1977). 

Fuketa agreed to transmit this request to the Chairman of the 

NEACRP before the date of the Bologna meeting. 

The committee felt that, at the date proposed, a small working 

party meeting would be more appropriate than a meeting with 

substantial participation from data users. It was also felt that, 

as in the case of the Bologna meeting, it would be appropriate 

for the organizer to compare the status of these data with that 

at the previous meeting on this topic. 



Fol lowing d i s c u s s i o n  of  noda l  and c o a r s e  mesh methods ( s e e  S e c t i o n  

B.1 .5 . )  i t  was cons ide red  a p p r o p r i a t e  t o  s e t  up a s p e c i a l i s t s '  

meet ing on t h i s  t o p i c .  Askew ag reed  t o  make t h e  n e c e s s a r y  a r r ange -  

ment s .  

5 .3 .  P rog re s s  w i th  t h e  NEACRP Book on t h e  S t a t u s  of  F a s t  Reac tor  

P h y s i c s  

The S h i e l d i n g  c h a p t e r  was a v a i l a b l e  i n  i t s  f i n a l  form and t h e  

r e v i s e d  v e r s i o n  of  t h e  Blanket  Phys i c s  c h a p t e r  had a l s o  been r e -  

c e i v e d .  The remain ing  f o u r  c h a p t e r s  were no t  y e t  a v a i l a b l e .  It 

was ag reed  t h a t  i n d i v i d u a l  c h a p t e r s  would be p u b l i s h e d  s e p a r a t e l y  

as they  became a v a i l a b l e  and subsequen t ly  combined t o  produce t h e  

book. A r e v i s e d  t i m e t a b l e  f o r  t h e  p r o d u c t i o n  o f  t h e  book was a g r e e d  

and members under took t o  c a r r y  o u t  t h e  v a r i o u s  a c t i o n s  l i s t e d  as 

i t ems  42 t o  50 o f  Annex 2 .  

5 . 4 .  OTHER ACTIVITIES 

The committee v i s i t e d  t h e  J A E R I  and PCN l a b o r a t o r i e s  on t h e  a f t e r -  

noon of  8 t h  November. 

The h o s t  o r g a n i z a t i o n  o f f e r e d  a  r e c e p t i o n  on 6 t h  November and a 

d i n n e r  on 8 t h  November. 
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ANNEX 2 

PROPOSALS FOX THE CONTINUATION 

OF SECU ACTIVITIES 

1. The SECU activity is important and useful and the results so 

far obtained are encouraging. 

0 
2. In principle, it would be very desirable to collect and 

disseminate the users' experience on applications, improvements, 

new versions and variations, implementation on different computer 

environments for all the codes that are serviced by the Data 

Bank, or at least for those of more common use. 

3. This generalization of SECU, even as a long range objective, 
cannot be implemented for all areas and for all codes with 

the same depth, since the most effective servicing requires 

a good knowledge of che code and an appreciation of the physical 

problem by the bank, as demonstrated by the past SECU expe- 

rience. 

4 .  It is therefore proposed to direct the SECU activity along 

two parallel lines: on one side the continuation of intensive 

studies of the most widely used codes in some selected areas; 

on the other side, an attempt to generalize a lower level SECU 

activity to all codes by an automated or semi-automated 

procedure. 

5. Also in consideration of the transient produced by the transfer 
of the former CPL to Saclay,it is recognized that new subject 

areas should not be added to SECU for extensive studies, but 

a vigorous follow-up of the two areas of shielding and cross- 

section processing codes should be pursued. In addition to this, 

the code RELAP should be SECUed as a first step into the safety 

area. 



6. The feasibility of generalized collection and dissemination 

of users' experience should be explored by looking at the 

possibility of computer-assisted tracking of code re- 

questers and users, of selective dissemination of expe- 

rience relative to the various codes, of the requests of 

users1 experience etc. 

7. It is recommended that the members assist in having the 
network of NDB liaison officers work efficiently in prompting 

the release to the NDB of nationally produced codes of major 

interest, and in feeding back to the Bank the experience 

gained in using their and others' codes. 

8. The NDB has expressed interest in a more extensive advice 

from the N E A C R P .  It is proposed that N E A C R P  appoints some 

of its members to discuss in detail the problems and the 

programs with the NDB staff, and prepares a report with 

specific proposals for the next meeting of N E A C R P .  



ANNEX 3 

FOLLOW-UP DYNANIC BENCHMARK 

At its 21st meeting, NEACRP decided to set up a dynamic bench- 

mark problem as a follow-up of the benchmark discussed in the 

1975 NEACRP/CSNI Specialists' meeting held at Munich, W.Germany. 

The 1975 benchmark was aimed at exploring the range of applica- 

bility of numerical techniques in dealing with the solution of 

space-time dependent transients for LWRs and FBRs in id, 2d and 

3d transients with fixed group cross-sections and prescribed 

simple feedback treatment for heat transfer and Doppler reactivity. 

The specification of the benchmark has to be carried out in co- 

operation with industrial institutions in order to assure par- 

ticipation. Furthermore CSNI has to be approached in order to 

obtain full support from this committee. 

Basically, the benchmark should start from the layout and the 

introduction of the transient as formulated in the previous 

benchmark, subject to minor changes. But neither the cross- 

sections nor the heat transfer should be prescribed, rather the 

models used in the various laboratories should be applied. The 

aim is to discuss the range of the applicability of these models 

and to locate further points for improvement in coupled neutronic/ 

thermohydraulic calculations. 

It is proposed to bring forward a specification of the benchmark 

to the next meeting of NEACRP in 1979. 

Kusters will send the participation list of the 1975 meeting to 

members; members will check the interest in their countries in 

participating in the exercise and will inform Kusters on their 

findings. A partner, hopefully from Western Europe, is requested 

to help Kusters actively in finalizing the benchmark specifi- 

cation in spring 1979. 


