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TECHNICAL SESSIONS 

1. GENERAL 

1.1 Review of recent activities, national programmes, 

discrepancies, evaluation work 

The national reports prepared by the NEACRP members 

and corresponding members were presented and discussed. The 

reports are listed in Annex 2, togc.th,:r with the other papers 

distributed at the meeting. 

IAEA: Kolbasov gave an account of past and future 

IAEA sponsored meetings of interest to NEACRP. He specifically 

requested the views of NEACRP on a meeting "Workshop on 

transport method calculations". The committee thought the work- 

shop would be an interesting one and participation could be expected 

from several member countries. It recommended, however, that the 

scope of the meeting be narrowed by leaving out the special item 

on Monte Carlo. It also pointed out that the workshop should be 

devoted to the analytical methods in neutron transport theory, 

leaving the aspects of numerical methods and applications to be 

dealt with at a forthcoming IAEA meeting. 

Farinelli took an action on himself to forward the 

committee's views to the IAEA. 

Hellstrand informed about the planned IAEA specialists 

meeting on Spatial Control Problem to be held at Studsvik in 

October 1974. A tentative programme was distributed for comment. 

The committee supported the meeting and emphasized the 

importance of having the reactor physics aspects adequately 

covered. Hellstrand agreed to forward additional information on 

the meet'ing to the committee members when it became available. 

1.2 Report on the first CSNI meeting 

No NEACRP member had participated in the first meeting 

of the newly formed Committee on Safety of Nuclear Installations 

(CSNI). CSNI favoured meetings with a amall number of par- 

ticipants and no observers were expected to be invited to its 

meetings, at least not in the near future. 



The committee expressed its interest in having a 

working contact with the new body in areas of mutual interest. 

One way of obtaining this, still keeping the average number of 

participants low, would be to limit the invitation of an 

observer to special items on the agenda. 

The committee members agreed to discuss such a pro- 

posal and other means of co-operation - such as specialists' 
meetings - between NEACRP and CSNI with their national repre- 

sentative in the latter committee. 

1.3 Highlights from recent meetings of interest to NEACRP 

Short summaries of about ten different conferences 

were given by different members of the committee. 

1.4 Report on the seventeenth NEANDC meeting 

The meeting was attended by Hirota who distributed a 
written account of the meeting. Concerning data requests it was 

recommended that fission product yield data be included in the 

request list and the Euratom Working Groupon In-Pile Dosimetry 

would be encouraged to inform NEANDC and NEACRP of its data 

requests for activation detector cross sections. A review of data 

needs for fusion reactors had been made and it had been further suggested 

that data centres should serve the needs of the biomedical sciences. 

Regarding loansof separated isotopes from the USAEC the endorse- 

ment of NEANDC would not always be necessary in the future. Finally, a 

draft "Discrepancy List" involving the most important cross 

sections had been prepared. 

Ribon added that NEANDC had discussed sponsoring a - 
panel on fission cross sections. An action had been placed on the 

members to discuss this matter with their local data committees 

and report back at the next meeting. 

He further asked for advice from NEACRP concerning 

the accuracy on the fission cross sections for the main isotopes 

required by the reactor physicists. 



Hemmig said that for U235 the goal was 1 % (1 sd). The 

same would be true for v(E) but it might be quite difficult 

to reach that goal. 

Certain NEACW reports might be of interest to NEANDC 

members. It was recommended that the list of documents presen- 

ted at the NEACW meetings be distributed to NEANDC members by 

the NEANDC observer. Anyone interested in a special report could 

then contact the author and ask for a copy. 

1.5 Compilations 

Farinelli reported on a delay in finalising the light 

water reactor compilation. It was now hoped that a draft could 

be sent out for comments to a few members within about six months. 

Nicks distributed a draft document "Thermal Benchmark 

Compilation" prepared by G Casini at Ispra. The comments by the 

committee members were invited. 

2. INFORMATION ON MEETINGS RECOMMENDED BY NEACRP 

2.1 Specialists' meetings on 

- Resonance parameters for U238 and Pu239 

Ribon reported on the meeting and informed that a docu- - 
ment with the papers presented and the conclusions drawn would 

soon be out. The usefulness of arranging a meeting on the following 

topics 

The probability table method 

The effect of interference 

Treatment of resonances in reactor physics 
calculations 

had been discussed. The views of NEACW on such a meeting would 

be welcome. 

The committee concluded that the reactor physics aspects 

were of no great concern any longer and that only a few people 

were working on problems related to the other items. The suggested 

meeting would therefore not get any large support from the 

committee 



The question of arranging a meeting on delayed neutrons 

was also brought up. The committee thought that too little new 

information was available to justify a specialists' meeting. 

- Processing of Nuclear Data Libraries 

Farinelli informed that the final record and proceedings 

were under distribution. It had been recommended at the meeting 

that another meeting should be organized about 18 months after 

the first one. The topic for the second meeting would concentrate 

on the effect of the physical model on the processed cross 

sections. 

- Reactor noise 

Farinelli mentioned that the original programme had 

been revised giving more room for papers dealing with reactor 

noise problems in power reactors. About 50 people were expected 

to attend and the progress report from the meeting would be 

distributed as an L-document. 

- Monte Carlo 

Till informed that the meeting would take place the - 
first week in July and had attracted contributions from five or 

six countries. 

- Dynamic benchmark comparisons 

Kiisters mentioned that the subject for this meeting had 

been expanded and the topic would be New Developments in Three- 

Dimensional Neutron Kinetics and Review of Kinetics Benchmark 

Calculations. The meeting would take place at Miinchen, January 22 

to 24, 1975. 

2.2 NEA/IAEA meeting on 

- Methodology of sensitivity studies with regard to 

radiation transport and energy deposition. 

The meeting was to take place in Paris in the Autumn 

of 1975. 



3. TOPICS CARRIED OVER FROM PREVIOUS MEETINGS 

3.1 Detector cross-sections 

Italy 

Farinelli reviewed the conclusions reached by a con- 

sultants' meeting at IAEA and by the Euratom Working Group on 

Reactor Dosimetry. Two categories of reactions had been identified. 

For "Category 1" the cross-sections used should be based on data 

evaluated from differential measurements only. For "Category 2" the 

cross-sections were obtained through adjustment procedures using 

differential data and well documented benchmark experiments. 

A number of benchmark experiments had been identified 

and it had now been possible to reduce the number of requests 

for detector cross-sections drastically. One remaining request 

was for the Cu(n,a) cross-section for which the sensitivity of 

integral experiments was not yet good enough. 

One generally aimed at an accuracy of the order of 

+ 15 % in the integral quantity to be measured; and the target - 
accuracies for the cross-sections should be set accordingly. 

US - 
Hemmig gave a summary of the report NEACRP-L-106. The 

activity in the US was focused on two different programmes. The 

first one concerned measurements of cross-sections and this effort 

was primarily concentrated on the fast neutron generator at 

Argonne. The second one - the Inter Laboratory LFMBR Reaction 
Rate (ILRR) Programme - was a testing programme involving bench- 
mark experiments against which detector cross-section sets for 

dosimetry could be checked. 

Parallel to this effort the dosimetry file in ENDFIB-IV was 

being developed. At present there were 36 elements in the file. Error 

files were included and the errors were generally smaller than 



20 %. The file was undergoing tests by using various well 

defined spectra. The most important supporting experimental 

work was performed in Idaho at the CFRMF facility and at the 

BIG 10 facility at Los Alamos. 

Adjustment procedures were not used, one of the reasons 

being that one was afraid such procedures would introduce shape 

distortions. During the discussion the remark was made that 

adjustment methods could contain constraints concerning changes 

in the shape of the cross-section curve. On the other hand, for 

certain energy regions notably 8 to 10 MeV, the shape was per- 

haps not better known than the cross-section itself and adjust- 

ments without shape constraints could be useful. 

3.2 Intercomparison of adjusted cross-section sets 

Japan - 
Hirota introduced the report NEACRP-A-222 . The work had 

been presented at the Tokyo meeting and only a short summary was 

given. Concerning the adjustment procedure Hirota observed that 

different initial cross-section sets and error assignments could 

lead to quite different adjusted sets. A particular problem that 

had been studied at JAERI was the effect of systematic errors in 

the measured cross-sections. Chi square tests were used to locate 

such cases and trial adjustments were repeated with increased 

assigned errors for these cases. As a result of the work an 

adjusted group cross-section set AGLIIversion 2 now existed which 

was soundly based with reference to differential data and with 

which results from integral experiments could be satisfactorily 

reproduced. Uncertainties still existed, however, for the 

capture cross-section in iron and the total inelastic scattering 

cross-section in U238. 

Sweden 

Hellstrand referred to the paper NEACRP-Axxx but 

mentioned that a newly discovered input error in some computer 

runs made the conclusions uncertain. The paper(in a revised form) 

was therefore not distributed until after the meeting. 
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The pros and cons of using adjustment meth 

obtain group cross-section sets were discussed at some length. 

It was pointed out that a continuous dialogue with cross- 

section evaluators and measurers was essential and only such 

adjustments that appeared reasonable to the evaluators should 

be accepted in the final sets. One of the main results of 

adjustment activities was that cross-sections and energy 

regions had been identified for which more measurements were 

needed. 

The main objective of including item 3.2 on the agenda 

had been to get some comparison between various adjusted sets to 

see whether there was a common trend in the adjustments and 

whether different adjustment procedures gave discrepant 

adjustments on a common initial cross-section set. Adjusted sets 

suitable for such comparisons were not available, however, and 

as adjusted sets tended to be classified no open comparisons 

could be expected to be performed in the near future. 

It was agreed that the cross-sections with the largest 

uncertainties were those for the structural materials. Differ- 

ential measurements on such materials should be given high 

priority. 

3.3 Error files and error correlation 

Italy 

Farinelli stressed the importance of error files for 

error evaluation on design parameters and in connection with 

the application of cross-section adjustment methods. He then 

presented the so called consistent method shortly described in 

the document NEACRP-L-117. One difficulty of ordinary adjust- 

ment techniques was that it was applied on coarse group cross- 

section sets. The redistribution of adjustments to fit a differ- 

ent group set was difficult and could introduce errors. 

In the consistent method which was proposed by A Gandini and 

M Salvatores the adjustment procedure was applied to the para- 

meters used for generating the group cross-sections, i.e. reso- 



nance widths, level spacings etc. Error files were then required 

on these parameters to allow an appropriate adjustment procedure 

to be used. Preliminary sensitivity studies were used to limit 

the otherwise vast amount of data that would have to be included 

in the adjustment procedure. 

US - 

Maienschein introduced the paper NEACRP-A-216 by F G Perey 

on data covariance files in ENDFIB-IV. The main part of the paper 

dealt with the problem of generating covariance matrices of group 

cross-sections. The approach by Perey was to arrive at a practical 

system with reasonable precision rather than one characterized by 

mathematical perfection but with high degree of complexity. A pro- 

cessing code had been developed and was under testing. The code 

would allow the generation of uncertainty files for group cross- 

sections from the error files in ENDFIB-IV. Reasonably complete 

error files were included in ENDFIB-IV for carbon, oxygen and 

nitrogen. It was also expected to have such filesfor iron and U238 within 

a short time. The plans for the next year called for inclusion 

of error statements including correlations for 19 cross-sections 

for 9 nuclides. The main emphasis was on data of direct concern 

for shielding and LMFBR. 

4. NEW TOPICS 

4.1 Benchmark test cases 

Ispra 

Nicks reported on the Joint NEA/Euratom Specialists' 

meeting held at Ispra in April 1974. One of the main aims of the 

meeting had been to examine current work and plans in the shielding 

field with the view of trying to co-ordinate the programmes and 

exchange results. The activities considered were primarily those 

in Japan and Europe. 

The question of what constituted a benchmark experiment 

in the shielding area had been thoroughly discussed. It was agreed 

that deep penetration was a necessary feature. Furthermore, the 



uncertainties in the theoretical treatment of the source and the 

geometry of the system should be small compared to the errors 

in the measurements. 

Many of the older shielding experiments performed at 

various thermal reactors could no longer be accepted as benchmark 

experiments. The type of sources that were favoured for present 

and future experiments were conversion plates with spectrum 

modifiers and fast source reactors. 

A different type of benchmark experiments had further- 

more been identified. These were experiments designed to test and 

intercalibrate detectors and spectrometers. The iron block 

experiments at Winfrith and Oak Ridge,used among other things for 

calibrating thermoluminescent detectors, were examples of such 

benchmarks. 

Short comments of national activities were made. 

US: Maienschein mentioned that their programme on bench- 

mark would last over the next 3 to 5 years. It would include four 

types of experiments, i.e. on streaming, energy deposition, neutron 

deep penetration and y-ray production and transport. Reports on 

benchmarks on sodium, stainless steel and iron had been distri- 

buted to the committee members and the intention was to publish 

reports on new work as NEACRP-L documents assuming a system for 

mutual exchange of information existed. 

UK: Campbell referred to the report WEACRP-L-100 

describing the UK programme. The paper reviewed the rGle of bench- 

mark experiments and described the work done so far at the ASPIS 

conversion plate facility at Winfrith. In the paper one also 

tried to define target accuracies for energy deposition and pene- 

tration calculations. The benchmark programne was designed with 

these targets in mind. The programne aimed at both method and 

data testing. 



Japan: Hirota mentioned the shielding benchmark pro- 

gramme at the YAY01 fast source reactor. Sensitivity studies 

were furthermore underway at JAERI. The work could be reported 

at the next NEACRP meeting. 

France: stressed that not only benchmark experi- 

ments but also benchmark calculations were of importance. In 

France parametric studies were the preferred mute for obtaining 

the tools needed for reactor design. One example was the experi- 

ments for the radial shield for Super Phenix. The shield would consist 

of stainless steel and sodium. Experiments were now being per- 

formed on large geometries containing steel and sodium with the 

sodium content varying from 0 to 100 %. Another type of bench- 

mark experiment was the fast core experiment SCHERZO 556 which 

was a co-operative effort between UK, Germany and France. It 

would be of great interest if the experiment also could be 

repeated in Japan and in the US (Till and Hirota said they would 
encourage such an experiment in their respective countries.) 

Campbell further informed about the planned benchmark 

specialists' meeting. The purpose of the meeting would be to 

give the people involved in the collaborative benchmark programe 

an opportunity to review progress, discuss interpretation of 

experiments, agree on formats etc. The meeting was planned for 

April 1975. Campbell volunteered to draft an agenda for the 

meeting and circulate among the committee members for comment. 

The importance of an efficient distribution of laboratory 

reports and papers from meetings in the shielding area was stressed. 

Nicks said that information could be disseminated through the ESIS - 
newsletter. This could also be true for papers from meetings if 

NEA could not find the means for publishing the documents in 

question. 

To illustrate the importance of the benchmark shielding 

activity from the cost-benefit point of view Maienschein said 

that for FTR the savings in cost for the shield due to the con- 
7 fidence in the calculational methods was of the order of $ 10 . 



4.2 Operational physics experiences from LMFBR:s 

Campbell presented a paper (NEACRP-U-59) describing 

the start up of PFR and the comparison between predicted and 

measured values of various reactor physics quantities. One fact 

emerging from the comparison was that reactivity was predicted 

too high. The discrepancy after all corrections on the calculated 

values was 1 % + 0.7 %. It was not clear yet what the reasons were - 
for the discrepancy, one possibility being that small systematic 

errors in core composition and geometry could be present. Another 

question of importance was whether or not the core heterogeneity 

was correctly treated in the calculations. Preliminary control 

rod calibrations had been performed. From the comparisons with 

calculated values some anomalies had been observed. This was true 

especially for one of the tantalum rods. The general conclusion 

was that if the calculations were to be accurate to within 5 % 

advanced treatment of the heterogeneity of the control rod 

assembly was necessary. Collision probability methods would be 

used for that purpose in the future. For the isothermal temperature 

coefficient the difference between calculated and experimental 

results was about 25 %, the calculation underestimating the effect. 

Such a discrepancy was acceptable, at least for the time 

being. For safety considerations it would be valuable to have 

data for high fuel temperatures but no experimental effort was 

planned to get such results. 

Till summarized the paper NEACRP-L-109 on recent EBR I1 - 
experience. The fuel element testing was continuing and about 

fifty test subassemblies were now in the reactor. Most fuel 

tests were made on oxide rods but some carbide and nitride ele- 

ments were also studied. The fuel failure detecting system in 

the cover gas had been quite successful. 



The Mark 2 fuel was being tested and had behaved well 

so far. There were indications that the design burn up limit 

could be raised from the present 4.7 % to 8 %. 

There were firm plans to operate the reactor to 1985. 

Investigations were being made on various components to find out 

whether or not they could be expected to cause problems in 

connection with an extended operation of the reactor. 

France: The description of the start up experiments in 

Phenix was described in detail in the tutorial session (cf NEACRP-U-54). 

4.3 Sodium void effects 

UK - 
Campbell presented the paper NEACRP-A-229 which reviewed 

the dependence of the sodium coefficient on various parameters 

and looked at different ways of reducing its size. The paper was 

a preliminary one with the different effects not necessarily 

treated in a consistent way. The application of a systematic 

model would follow in a later paper. 

Differential effects of a change in a given parameter 

werestudied but it was emphasized that different changes in com- 

position and geometry interacted strongly and individual effects 

were not additive. 

Japan 

Two papers NEACW-A-224 and NEACRP-A-223 were presented. 

Kobayashi introduced the first paper, which dealt with sodium 

void analysis. Calculations had been performed in 25 groups 

using cell average cross sections in plate- and pin-type cells 

obtained from integral transport calculations. Some of the 

observations made from the comparison theory-experiment were as 

follows. Calculations agreed well with experiments in the central 

region of the core but yielded more negative values when leakage 



effects became dominant. Application of transport theory in 

the macroscopic calculations would in this case give corrections 

in the right direction. Results from 2D calculations were sen- 

sitive to the change assumed for the axial buckling in going 

from the unvoided to the voided case. Adding differential sodium 

reactivity worths together worked well for the central region 

but less well for the blanket regions. Calculations based on 

Benoist's first order approximation had been compared with more 

accurate calculations using more high order terms or S theory. 
N 

The improvement in using more exact theory was not large. Other 

investigations had involved sensitivity analysis of the cal- 

culated sodium coefficient to cross-section variations and com- 

parisons between 2D and 3D calculations. 

The second paper was presented by e. He mentioned 

the series of experiments that had been performed on the FCA assembly 

VI-2 and which concerned sodium void worths in different cell 

patterns. Central and off-centre void effects had been studied. 

In the analysis the fine group AGLI library had been used to 

generate a coarse group set (32 groups) and Benoist's theory had 

been used to obtain direction dependent diffusion coefficients. 

C/E values for the central region were about 0.9 while for cases 

with pronounced streaming C/E was considerably larger than unity. 

A more detailed analysis of the experiments with streaming was 

under way. 

US - 
Till summarized the paper NEACRP-L-108, which was an - 

up-date of the report presented at the Ziirich meeting in 1972. 

Results from ZPPR were now included and the calculations had been 

based on the ENDFIB-I11 library. For ZPPR assembly 3 which in 

composition and size was comparable to a demonstration plant the 

effect of voiding the total region in which the sodium coefficient 

was positive had been found to be about $ 2.5. At operating 

temperatures the effect would be still higher. In comparing 

calculations with experimental results the general trend was 

that C/E decreased with increasing size of the voided zone. For 



assembly 3 C/E thus decreased from about 0.95 to 0.80 when the 

number of voided drawers was increased from 42 to 632. On the 

other hand, the effect of voiding control rods, empty control rod 

positions and regions nearby was overpredicted by the calculations. 

It had further been observed that group cross-sections collapsed 

with a neutron spectrum corresponding to a voided zone gave worse 

predictions than those weighted with an unperturbed spectrum. The 

use of ENDFIB version 111 compared to version I generally increased 

cJE. In a typical case C/E changed from 0.78 (version I) to 1.10 

(version 111). 

France 

Bar& summarized the French programme. A large systematic 

study had been performed in cores with mixed uranim and plutonium 

fuel loadings, the enrichment in U235 and plutonium varying 

between 30 and 15 % (U235) and 25 to 12 % (Pu). Pin geometry was 

favoured to plate geometry. 

The measurements of the reactivity effect of radially 

and axially displaced voided zones were complemented with studies 

on large voided zones. These were arrived at through repeated 

substitutions. From the effects of these substitutions the change 

in the diffusion coefficient in going from non-voided to voided 

regions could be determined. For the cores with large voided zones 

the material buckling was determined for the unvoided and voided 

zones by flux mapping. The main problem with the analyses concerned 

cases in which leakage and streaming effects were predominant. 

Germany 

Kiisters shortly described some calculations made on a 

simplified model of a 300 MWe plant. Homogeneous and heterogeneous 

calculations had been performed on' a geometry involving a voided 

inner core zone and adjacent axial blankets. The difference in cal- 

culated total void reactivity was 0.2 %. When the voiding of the 

outer zone was included the difference increased to 0.3 %. For 

further information he referred to the extensive review on progress 

in fast reactor physics, KFK-1632 and NEACRP-U-46, discussed already 

at the last NEACRP meeting. 



Discussions 

Campbell said that the sodium void effect was given 

increased attention in the UK. The energy release due to power 

excursions in connection with partial sodium voiding could lead 

to fuel-coolant interaction accidents. If such accidents could 

not be excluded the containment would have to sustain high 

pressures. Kiisters said that boiling caused by coolant blockage 

started at the upper part of the core and the negative reactivity 

effect of neutron streaming reduced the energy release. In- 

vestigations in the U S  had further indicated that sodium-fuel 

interaction resulted in intensive boiling phenomena rather than 

explosive vaporization and was consequently less serious than 

earlier believed. 

Concerning calculational methods various members recom- 

mended the use of group and region dependent bucklings in 2D 

calculations. In concept 3D methods should be used but the need 

for using many groups would make such calculations very time con- 

suming. Calculations on pin geometry had further been found to 

agree better with experiment than those on plate geometry. As for 
, 

delayed neutron fractions (important for the reactivity scale) 

Till indicated that the results of new measurements at Argonne - 
supported the old Keepin data. These were therefore still used 

in the US. A review of delayed neutron data (NEACRP-L-110) had 

recently been completed. The UK favoured,according to Campbell, 

the evaluation by L Tomlinson with high delayed neutron fractions 

especially for U 2 3 8 .  

4 . 4  Cross-section collapsing including adjoint fluxes 

Italy 

Farinelli presented the paper NEACRP-L-116. Comparisons 

had been made of various schemes for the generation of elastic 

removal cross-sections in energy regions where large resonances 

were present. The inadequacy of methods assuming constant or 

linearly varying slowing down density within rather broad groups 

had been demonstrated using the ultrafine group treatment in MC 2 

as a reference. Calculations had also been made with Stacey's 



continuous slowing down model, the results of those calcula- 
2 tions being quite close to those from MC -2. The Stacey method 

was being incorporated in the code IDX. Farinelli further said 

that the adequacy of physical models for group cross-section 

collapsing had been superficially discussed at the specialists' 

meeting on Codes for Nuclear Data Processing at Ispra in 1973. 

This topic was still very important and it should be taken up 

on the agenda for the next NEACRP meeting. 

The committee agreed to this. 

Hemmig mentioned that 1D diffusion codes were routinely 

used for collapsing group cross-sections spatially. This was 

an efficient procedure to reduce the number of groups required 

for 2D and 3D calculations. Some doubts existed concerning the 

adequacy of this procedure, in particular for collapsing the 

transport cross-sections. Consistent procedures for collapsing 

webeing worked out along three routes: 

1. Zero-dimensional P solution in about 2000 groups 1 
(MC'-Z) 

2. One-dimensional P solution 1 

3. 5-20 group multi-dimensional PI solution. 

These different procedures would be worked on and compared in 

the near future and results could be reported at the next meeting. 

Farinelli also reported on an experimental investigation 

in TAPIR0 involving studies of the spatial and energy dependence 

of the adjoint flux. A Cf252 source and some other sources on 

loan from Karlsruhe had been used. Good agreement had been 

obtained between the experimental results for the Cf252 source and 

2D transport calculations using DOT. ANISN on the other hand 

underestimated the flux considerably in the reflector region 

(normalization at core centre). Compare with NEACRP-L-115. 



4.5 Target accuracies and the basis thereof for 

commercialized reactors 

Fayers summarized the report NEACW-U-58 . The paper 
dealt with reactor physics uncertainties for HTR systems and 

the cost benefit analysis madefor a research and development 

program. Particular attention was given to uncertainties in 

local criticality, temperature coefficient and power distribu- 

tion. Present values and target accuracies were given. Achieving 

the goals would correspond to an estimated cost saving of about 

f 1 per kWe, i,e. M E 1 for a 1000 MWe reactor. 

Sweden 

Hellstrand gave an account of the paper NEACW-A-228 

which dealt with target accuracies for core power distributions 

in LWR:s, The paper discussed the problem of extracting the 

maximum power from a given design throughout the core life with- 

out exceeding the limits on linear heat flux, burn out margin, 

fuel temperature etc. imposed by material and safety considera- 

tions. Various power peaking factors were defined and 

engineering and uncertainty factors were introduced to allow 

for fabrication deficiences and inaccuracies in calculational 

methods. The cost benefit aspect was exemplified by stating 

(under the conditions given in the paper) that a one per cent 

improvement in the total peaking factor corresponded to about 

$ 0.38 per kWe. 

Japan 

Kobayashi presented the paper NEACW-A-233. The improve- 

ment in predicting physics parameters due to the experimental 

and theoretical work from 1971 and onwards was demonstrated and 

present accuracies were compared with target accuracies. The 

latter was, however, not based on requirements for a typical 

commercial fast reactor but,rather,reasonable targets for future 

activities. The goals should be reached within five years. Tables 

were given in the report showing the contribution to the total 

error from experimental and theoretical sources of various kinds. 



One important question under consideration was whether mock 

up experiments for a large FBR were necessary or not to attain 

the target accuracy. It was further recognized that experi- 

ments on burned fuel were important. 

The table below illustrates present accuracies and 

goals. 

Comparison of target accuracies and estimated accuracies 

in the prediction of physics parameters of fast reactor 

Physics parameter Estimated Target 1) 
accuracyl) accuracy 

1973~) 

kef f 
fresh core 0.7 0.5 
burn up core 1.0 0.7 

. . . . . . . . . . . . . . . . . . . . . . .  
Power dist. 

core 41.5 3 
blanket 9 5 . . . . . . . . . . . . . . . . . . . . . . .  

Control rod worth 
regulating 7 5 
safety 10 7 . . . . . . . . . . . . . . . . . . . . . . .  

Breeding ratio 5 3 . . . . . . . . . . . . . . . . . . . . . . .  
Doppler coefficient 17 101.15 . . . . . . . . . . . . . . . . . . . . . . .  
Na-void coefficient 23 101.15 

90 % confidence level (+ - %) 

') prototype fast reactor "Monju" not included Beff error ( ~ 4  %) 

US 

discussed the target accuracies for reactor 

physics efforts in the US (cf NEACRP-A-232). The general goal 

for the breeder reactor activity was to obtain methods and 

data for predicting the properties of breeder systems with an 

accuracy equivalent to that obtainable today for light water 



reactors. The need for further critical experiments was obvious 

but it was important to be able to judge when new critical 

experiments would not be needed any longer. Sensitivity analysis 

and cost benefit analysis would be performed to support decisions 

on priorities. 

The US paper contained the table given below 

illustrating present accuracies and target accuracies (1 sd) 

Uncertainty Estimates for Major Nuclear Parameters 

Estimated Uncertainty 
Parameter 

Current Goals Goals for 
without for Dgmo Target 
E M C ~  Plant Plant 

Breeding Ratio - +O. 05 +O. 04 - - +0.02 
Doubling Time +25 % - - +20 % +7 % - 
Pu Inventory in Reactor +5 % - +2 % - +1 % - 
Overall Power coefficientC - +25 % - +15 % +lo % - 
Doppler Coefficient - +15 % - +10 % +7 % - 
Total Sodium Void Reactivity - +1.5 $ - +0.5 $ +0.3 $ - 
Peak-to-Average Core Power +12 % 
Density - - +3 % +2 % - 

Total Excess Reactivity 
Requirements +30 % - +15 % - - +3 % 

Control-Rod Reactivity 
Worth +15 % - +3 % - +2 % - 

Total Neutron Flux at Factor of Factor of Factor of 
Reactor Vessel 5 2 1.2 

Total Flux at Top of Head Factor of Factor of Factor of 
20 5 2 

a' Engineering Mockup Critical 

b' At time of freezing design of relevant component 

C, Does not take into account mechanical and thermal-hydraulic 

uncertainty effects 



France - 
BarrG pointed out that the required accuracy depended 

on the reactor design to a certain extent. some rough figures 

could be given, however, as typical for the target accuracies 

(2 sd). Typical values were 

keff + 1 % - 
Breeding gain 0.03 

Axially integrated power 
per subassembly + 2 %  - 

Max local power - + 3 % 

Sodium coefficient - +20 % 

Doppler coefficient - +20 % 

Control rod worth 5-10 % 

He also emphasized the problem in going from a small demo plant 

to a full size commercial fast power reactor. As an example 

the interaction of control rods in Super Phenix was mentioned. 

The worth of an individual rod could vary by more than 50 % 

dependent on the position of other rods and changes in local 

power levels with rod movements could amount to 30 %. Accu- 

rate methods were required to predict such changes. 

UK and Germany 

Campbell and Kusters said that similar values as those 

quoted by Hemmig and BarrG for the target accuracies were valid also 

in their countries. Besides the problems of reaching the goals 

for a fresh core additional uncertainties were introduced with 

burn up. Fission product capture cross-sections and fission and 

capture cross-sections for the higher plutonium isotopes, notably 

Pu241 were inadequately known. For further information at the 

German side Kiisters referred to KFK-1632 and NEACRP-U-46, issued in 

1973. 



5. TUTORIAL SESSION 

The following l ec tu re  was given 

3 Gourdan and B Sicard: 

"Star t  up of Phenix". 

6. OTHER ACTIVITIES 

The committee v i s i t e d  various labora tor ies  within 

the  Cadarache s i t e  on June 6. 

A dinner was offered by the  host organisat ion on 

June 5. 
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ANNEX 3 

PRELIMINARY AGENDA FOR THE EIGHTEENTH MEETING 

PART A COMMITTEE BUSINESS 

1. GENERAL 

1.1 Participants 

1.2 Adoption of the final summary record of the 
seventeenth meeting 

1.3 Adoption of the agenda 

1.4 Completion of actions 

1.5 Committee representation 

2. OLD BUSINESS 

2.1 Activities of US and NEA centres for the exchange of nuclear da 
information and nuclear energy computer programs of interest 
NEACRP 

2.2 Wquests from NEANDC 

2.3 Miscellaneous 

3. NEW BUSINESS 

3.1 Organization of the nineteenth meeting: agenda, time, 
place, participants 

3.2 NEACRP observers at the next NEANDC meeting 

3.3 Election of Officers 

3.4 Future activities of the committee 

PART B TECHNICAL SESSIONS 

1. NEW TOPICS 

1.1 Short lived fission product decay properties. Integral 
and differential data (UK, Sweden, US) 

1.2 Breeding assessment for fast reactors including gas cooled 
fast reactors (France, Germany, Switzerland, UK, US,. .. ) 

1.3 Optimization of fuel management and control rod programing 
for thermal and fast reactors (UK, US, . . .) 

1.4 Streaming problems in fast and thermal reactors 
(France, Japan, UK, US, ... ) 

1.5 Transformation of actinides and fission product isotopes by 
neutron irradiation (Germany, UK, US, ... ) 



1.6 Neutronic problems i n  fusion reactors  (Germany, Ispra,  
Japan, US, ... ) 

2.  NATIONAL PROGRAMMES 

2.1 Review of recent a c t i v i t i e s ,  na t ional  programmes, 
discrepancies ,  evaluat ion work (All Members) 

3. BENCHMARKS 

3.1 2 D  LWR box calculat ions (compare act ion 22) 

3.2 3D LWR ca lcula t ions  (compare ac t ion  10) 

3.3 Fas t  reac tor  benchmark calculat ions (compare ac t ion  24) 

3.4 Review of benchmark solut ions 

4. INFORMATION ON MEETINGS RECOMMENDED BY NEACRP 

4.1 NEA S p e c i a l i s t s '  meet ing on 

- Monte Carlo 

- Reactor noise  

- New developments i n  3 D  neut ron  k i n e t i c s  and review of 
k i n e t i c s  benchmark c a l c u l a t i o n s  

- Shielding benchmark experiments 

4.2 Future  meetings 

5. TOPICS CARRIED OVER FROM PREVIOUS MEETINGS 

- Cross sect ion col lapsing with empha5i.s on physical  models 

6. GENERAL 

6.1 Report on the 18th NEANDC meeting (UK) 

6.2 Compilations 

6.3 Highlights from recent meetings of i n t e r e s t  t o  NEACRP 

- Spat ia l  Control Problems 

- Atlanta meeting (US, ...) 

- European Nuclear Society, Par i s  

- ANS meetings (US, ...) 
- Fusion meeting i n  Tokyo (Japan, . . .) 

6.5 Miscellaneous 

7. TUTORIAL SESSIONS 


