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1 - INTRODUCTION 

Two years ago a full issue of Nuclear Science and Engineering (volume 87, 
number J, July 1984) was devoted to the topic "Experiments in Fast Critical 
T>cilitx*.s". The major program status was reviewed and some indications on 
their future potential were also given. Since that time, two European critical 
facilities (ZEBRA and SNEAK) have been shut down and at the present time, 
three fast reactor critical facilities are still operated in the OECD 
countries (ZPFR, FCA and MASURCA) and two in the USSR (BFS-1 and 2). Moreover 
in the fall of 1985, SUPER PHENIX 1 went critical, giving a significant amount 
of experimental physics informations on a large scale fast power reactor. 

It has been argued that critical experiments still have a highly valuable role 
to play, both In support of specific design aspects assessment and in view of 
reducing design uncertainties, the cost of which are still very sizable 
/ 1,2 /. In the present paper ve will a) briefly recall some recent use of 
critical experiments b) Indicate the potential of physics experiments in power 
reactors by means of a few examples of preliminary results concerning some of 
the physics start-up experiment in SUPER PHENIX 1, c) review some of the 
lessons which can be drawn from the present experience in terms of needs for 
future critical experiments and, finally, d) give some indications of the type 
of critical experiments foreseen at MASURCA for the next future. 

2 - CRITICAL EXPERIMENTS AND THEIR USE IN SUPPORT OF DESIGN SOME RECENT 
EXAMPLES 

The use of critical experiments to define design parameter bias factors and 
uncertainties has been widely reported in the past / Ref. 1-5 among others /, 
In particular for parameters like the critical mass, the control rod worth, 
the reactivity coefficients and the power (flux) distributions. 



In the case of SUPER PHENIX 1, the parametrical critical experiment RZ and 
PRE-RACINE / 6, 7 / programs at MASURCA have been used to define bias factors 
and uncertainties for the critical mass (given in table 1) ; the RACINE c 
/ 8 / program has been used to define control rod worth design uncertainties, 
the RACINE IS / 9 / program has been used to validate the criticality 
approach. For SUPER PHENIX 2, the BALZAC program / 10 / is being performed to 
define bias factors and uncertainties for design features like the presence of 
an internal fuel storage, the reduction of the fertile region thickness and 
the improvements of control rod design. Concerning the safety problems in 
SUPER PHENIX 1, the SNEAK 12 experiments / 11 / have been used to validate the 
calculation tools. The results of this last study are summarized in table 2. 

Still in the case of SUPER PHENIX 2, a long fuel cycle is envisaged, 
corresponding for the first cycle to a global reactivity loss, Ap/cyle, of 
about 6 Z AK/K. 

The cycle length and the initial core enrichments are dependent on the 
uncertainties on Ap/cycle. This reactivity loss is the sum of a contribution 
due to fission product build-up and to the heavy isotopes atom density 
variation. 

The FP component is large ('v 5 Z AK/K) and at present It is affected by a 
significant uncertainty (+ 16 Z 2 a). Critical experiments in STEK and ERMINE 
on separated fission products and on ERMINE on a global fission product have 
been reanalysed both in terms of capture and Inelastic cross-sections, 
together with irradiation experiments in PHENIX, both on separate fission 
product isotope samples and accounting for gaseous and vrlatile fission 
product migration / 12 /. 

The overall results, in terms of revised uncertainties including recent 
information on fission yields, are summarized in table 3. These results 
indicate a significant reduction of the FP reactivity component, which is of 
the order of magnitude of the required target accuracy / 2 /. 

Concerning the heavy isotopes contribution to the reactivity loss per cycle, 
jchematically given by Ap - I A N p , the reactivity/atom values p. of each 
major isotope will be studied during the BALZAC program at MASURCA / 10 /. The 
present state of the uncertainties for the SUPER PHENIX 1 design are 
summarized in table 4, together with the expected improvements related to the 
critical experiments. 

3 - PHYSICS EXPERIMENTS IN POWER REACTORS 

High accuracy irradiation experiments in power reactors havp playpd an 
important role in the uncertainty reduction of the capture of the major 
fissile and fertile isotopes, and in general for all the actlnide data used in 
core physics or for fuel cycle assessment. At this conference a synthesis 
paper is presented / 13 / concerning the irradiation experiments performed in 
PHENIX, both for isolated isotope sample irradiations (PROFIL experiments) and 
for fuel pin irradiation experiments. Similar experiments are being performed 
in SUPER PHENIX 1, and, in particular, a SUPER PROFIL irradiation experiment 
is presently underway. 



Recently, the SUPER PHENIX 6tart-up has provided a large amount of physics 
information and a global validation of the performance of the neutronics 
methods and data in the prediction of critical mass, control rod worths, power 
and flux distributions and reactivity coefficients, such as the Doppler 
coefficient. Preliminary results indicate that, in general, the calculation/ 
experiment comparisons have been satisfactory. Examples for the critical mass 
and the control rod worth are given in table 5. In fig. 1 and 2 some examples 
are given on the calculation/experiment comparison for the Pu-239 fission 
axial and radial traverses. However specific problems have also been pointed 
out, e.g. the appropriate calculation of the internal structure of control rod 
subassemblies and the steel dummy subassembly replacement with standard fuel 
subassemblies. In this last case, a C/E £ 1.1 has been observed on the 
reactivity associated to the fuel/dummy subassembly replacement. Concerning 
the so-called heterogeneity effect on the control rod reactivity, a parametric 
study is being performed in MASURCA, to define appropriate models and 
calculation methods to be used in standard, diffusion-theory based, design 
calculations / 10 /. 

4 - EXTRAPOLATION PROBLEMS AND FUTURE CRITICAL EXPERIMENTS 

The power reactor start-up experiments are essential for a global validation 
of the design tools performance. However, a substantial uncertainty reduction 
can only be achieved if parametrical critical experiments are performed / 1, 
2 / in order to separate global effects into elementary components. This is 
particularly evident in the case of the critical mass, for which the power 
reactor result gives informations on the clean-core on the control rod 
followers reactivity and, eventually, on the steel dummy subassembly 
reactivity. A similar example is given by the reactivity loss/cycle, for which 
the power reactor information does not allow to separate the heavy atoms and 
the fission product contribution. 

However the difficulties related to an appropriate use of critical experiments 
to define design parameter uncertainties are easily shown, if one considers 
the problem of extrapolating critical experiment results to large power 
reactors in the case of parameters strongly dependent on core size and related 
flux shape tiltiness / 1 /. The RACINE IE control rod experiments were 
characterized by substantial space effects, due to the heterogeneous structure 
of the core. However the inspection of sensitivity profiles, like the ones 
given in fig. 3 and 4, shows that ad hoc tailored configurations should be 
envisaged to investigate both space and energy spectrum characteristics of 
large reference systems, the RACINE IE configuration not being sufficiently 
representative. The CONRAD program, based on configurations involving 2 tons 
of Pu fuel with different zone decoupling characteristics, is presently being 
discussed among the partners involved in the European cooperation for LMFBR 
development. Some of the proposed configurations are shown in fig. 5 and the 
same sensitivity profiles are given in fig. 3 and A, relevant to the internal 
rod ring worth and to the total, two rings, control rod reactivity worth. A 
related problem is the investigation of the so-called rod-stuck (or handling 
error) configurations. One can represent the reactivity increase Lp due 

to the extraction of the i-th rod from a completely inserted control rod 
configuration, as an "amplification" A of the reactivity p. (with opposite 
sign) associated to the insertion of the same rod in a core configuration with 
all rods withdrawn : 

APA11-J A « - —p-: 



This amplification fac r̂ is oi the order of 10 in SUPER PHENIX and of the 
order of ^ 2 in most typical critical experiments. The highly decoupled 
configuration of C0NRAD-4 allows to obtain an amplification factor of £ 10. 

Finally, any future program should be set up to explain the eventual 
difficulties found in the interpretation of SUPER PHENIX start-up experiments. 

5 - CONCLUSIONS 

The critical experiments on zero-power facilities still play an essential role 
to reduce substantially the uncertainties associated to key design parameters, 
such as control rod worth or reactivity loss per cycle. Moreover, critical 
experiments provide a relatively fast way to validate the physics aspects of 
new design solution (internal storage in large power reactors, control rod 
subassembly design, heterogeneous core configurations etc). 

The power reactor results, and in particular the recent start-up of SUPER 
PHENIX 1, provide a complementary and invaluable opportunity for a global 
validation of the data and calculation tools used in the design study. 

Future critical experiment programs should then be of a systematic type, 
allowing for the efficient use of the information and experience gained at the 
start-up of power reactors, considered as a very special and valuable 
individual configuration in a parametric program. 
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TABLE 1 
BIAS FACTORS AND UNCERTAINTIES FROM EXPERIMENTAL PROGRAMS 
PERFOFVED ON MASURCA AND APPLIED TO SUPER PHENIX 1. 

Component 
! ! 
! Bias factor ! Uncertainty 
! (Z AK/K) ! (Z AK/K) 
! ! 

Clean-core critical mass 

Control-rod follower reactivity ! 
! 
Diluent subassembly reactivity 

Cold-to-hot temperature effect 

i ! 
J + 0. 5 ; 

! 
+ 0.35 

! 
! 

- 0. 2 ! 
t 

+ 0.25 

0 i 
i 

+ 0.25 

0 ! + 0.20 

TABLE 2 
LARGE LMFBR HYPOTHETICAL ACCIDENT SEQUENCE REACTIVITIES 

! ! ! ! 
! Accidental sequence for the ! ! Uncertainty on ! 
! ! Ap (0) ! calculation from ! 
! 7 central subassemblies ! ! critical experimenty! 
! ! ! analysis ! 

! Na void ! + 9 ! + 20 % ! 

! Steel cladding slump-out ! ! ! 
! (and compaction in lower ! - 15 ! + 20 % ! 
! core zone) ! ! ! 

! Fuel slump-out (and compac- ! ! ! 
! tion in lower core zone) ! + 39 ! ^ 15 % ! 



TABLE 3 
BREAKDOWN OF UNCERTAINTY CONTRIBUTIONS TO TOTAL 

FISSION PRODUCT REACTIVITY EFFECT 

Î ! ! 
! ÎUncertainty on total FP effect i 
! Source of uncertainty Ifrom integral and irradiation ! 
! {experiments ! 

! Fission product o . contribution! + 8 Z ! , abs , — j 

! Fission product a contribution ! + 6 2 ! 

! Fission product migration ! + 1 2 ! 

! Reactor power hystory ! + 2 2 ! 

! Fission product yield ! _+ 2 Z ! 

! Total value ! + 10.4 % ! 
! ! ! 

TABLE A 
COMPONENTS OF THE REACTIVITY LOSS PER CYCLE IN SUPER PHENIX AND 

ASSOCIATED UNCERTAINTIES 

! ! ! ! ! 
! ! ! Present ( b ) ! Expected ( a ) ! 
! Component ! Value ! Uncertainty ! Uncertainty ! 
! ! (% AK/K) ! (* AK/K) ! (in Z) ! 

! Heavy Isotope ! - 0.7 ! + 0.65 ! + 1 0 ! 

ÎFission products ! - 2.3 ! + 0.37 ! + 1 0 ! 

! Total ! - 3.0 ! + 0.75 ! + 1 0 ! 

(a) Expected uncertainty (in 2) after pprforming the integral experiment 
program mentioned in the text. 

(b) For discussion, see ref. 2. 



TABLE 5 
SOKE PRELIMINARY C/E COMPARISONS FOR SPXl START-UP EXPERIMENTS 

! Minimum critical mass : Exp. 322 +0.5 subassemblies 
! Cal. 326 + 5 subassemblies 
! 
! Total control rod 
! worth shutdown : E/C * 0.9 (a) 
! 

(a) Uncertainty on E : + 12 Z (2 a) 
Uncertainty on C : + 13 Z (2 0) 
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