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RESUME 

An integral validation of the shielding design methods 
and data used for large LMFBR at CEA is performed by means 
of the comparison of calculated and experimental values of 
the secondary sodium activation and reaction rate measure
ment for the operating power reactor PHENIX (250 MWE). 

The good agreement observed confirm our 
schema as it is applied to SUPER PHENIX. 

calculation 
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INTRODUCTION 

One of the main parameter to be accurately evaluated in a pool type LMFBR 
is certainly the dose around the external circuits of the secondary sodium. The 
limits imposed by the highest allowable value are the main criteria in the 
choice and design of the shield. 

For exemple it was thought of a great interest for SUPER PHENIX to perform 
a calculation with the most refined methods at our disposition to evaluate the 
secondary sodium activation rate in the heat exchanger exposed to the neutron 
flux of the reactor. 

The method, typically representative of the PROPANE formulaire options, 
consists essentially in the coupling of a two dimensional discrete ordinate 
calculation (DOT 3.5 code) to describe the system up to the heat exchanger, 
with a Monte-Carlo calculation (MORSE Code) to represent as close as possible 
the complicated geometry of the heat exchanger itself. 

The system is completed by the association to the calculated values of 
bias factors and uncertainties included in the formulaire^ . 

EXPERIMENTAL VALIDATION ON PHENIX 

The experimental validation is supported : 

• First by integral experiments performed on HARMONIE (FRANCE) and TAPIRO 
(ITALIA) for typical shielding media . The results of the comparison between 
measurements and calculations are used for data adjustment of the formulaire 
PROPANE and determination of residual bias factors. 



. Second, by direct measurements on power reactors : 

- SUPER PHENIX itself in a near future. 

- PHENIX which at the present time is the best available mean to give a 
global validation of our calculation scheme, as it will be described in this 
paper. 

Among the available measurements, the secondary sodium activation of the 
loop shown on fig. 1 seems to be the best parameter to calculate, using 
exactly the same scheme applied to SUPER PHENIX ; in fact : 

- the heat exchangers are on the opposite side of the internal storage 
of irradiated subassemblies and so their sources may be neglected, 

- the two heat-exchangers of the loop are at the same distance from the core 
center. This means that we can restrict DOT calculations to a single 
configuration, 

- at the same time, the reaction rate of Mn (n, y) was measured along 
che heac exchanger axis and it can be used to check the axial flux distribution. 

CALCULATION MODEL 

The calculation scheme is almost the same as che one used for SUPER PHENIX 
and described in reference^, A short review is presently given. 

Cross sections 

The 43 groups PROPANE D1 formulaire cross-sections are used in the present 
work. Derived from 113 groups BABEL data a particular care is devoted to weigh
ting function with regard to both the composition and location of the different 
mixtures. The D1 version of PROPANE include adjusted data for iron and sodium 
for several mixturesof those two components (0/100 Z ; 25/75 Z ; 50/50 Z ; 
75/25 Z ; 100/0 Z). 

For PHENIX it is necessary to emphasize that non adjusted data are used for 
graphite and 84C present in the radial and axial shielding and the lack of bias 
factors for such materials until the end of JASON^ experimental program on 
HARMONIE. This will result in higher uncertainties for the present calculation. 

2D transport model 

The 2D (R, Z cylindrical) calculation model shown fig. 3 describe the whole 
reactor vessel fig. 1,2). It starts from the core center up to 40 cm behind the 
heat exchanger wall in R direction and from 40 cm below the lower grid plate up 
to the free level of sodium in the Z direction. The neutron sources, correspon
ding to the configuration where the measurements discussed in che present paper 
were performed, are issued from the standard neutronic follow-up of che PHENIX 
reactor. 

Typicai result are shown fig. 4 and fig. 5 where the isoflux curves of che 
cocal and thermal equivalent flux are shown. We can observe che great effi
ciency of graphite and 3̂ C shielding : mosc of secondary activation jf sodium 
in che intermediate heac exchanger is due to neutron screaming up and below che 
lateral shielaina. „ 



Coupling of DOT and MORSE calculation 

The DOT angular flux at a cylindrical surface 40 cm before the heat ex
changer wall (fig. 2, 3) are used by the DOMINO code to provide a surface source 
for MORSE. Energy space and angular distribution correspond to the discrete 
component of the DOT angular flux on the same surface. 

Monte-Carlo calculation 

A three dimension model of the heat exchanger is built and a calculation 
volume delimited as shown fig. 6 and fig. 7. is defined. Region 3 is composed 
of thousands of vertical stainless-steel channels which separate the internal . 
primary sodium from the external secondary sodium and which have been homogeneized. 

A test by Monte-Carlo calculation has shown that the homogénéisation of the 
channel has no influence on the activation calculation. 

The source previously described is applied to the internal cylindrical 
surface. The external cylindrical surface, the upper (free level of sodium) 
and lower surface were choosen in order to put a zero albedo value without any 
significative distorsion for sodium activation. For lateral surfaces, a 
reflexion boundary condition is considered. 

The MORSE calculation has been performed without any deformation of the 
natural distribution in the limit of the multigroup approximation, except the 
classical use of a russian roulette and splitting techniques. 

Cross-sections are the same than those used for DOT 3.5, except the choice 
of the weighting fluxes (PROPANE. DJ)-. 

Sodium activity 

Region Reaction Standard Volume 
Number rates deviation (a») 
Fig. 3 
1 3.30 103 5 7. .43 
2 1.06 107 6 % .085 
3 1.91 109 1,5 Z 5.55 
4 3.48 108 5 X .56 

TOTAL 2.57 10J 6.62 

.23 24 

23 Reaction rates for Ma (n, y) in 
the different heat exchanger region is 
given table 1. We can observe the im
portance of the upoer part, as a conse
quence of flux shape and local protec
tion of the lower part by means of bored 
stainless steel plates. 

Table 1. Sa" (n, y) Na" 
reaction rates in the heat Exchanger 

Allowing for the second heat exchanger of the loop, and the total secondary 
sodium volume, sodium activity may be easily deduced : 

9,3 10 uCi/cm* 



Local values of reaction rates calculation 

In order to compare calculation to the Mn (n,y) reaction rates measurement 
along the heat exchanger axis, an adjoint Monte-Carlo calculation was performed 
using : 

- a repartition of punctual "sources" of importance along the axis with Mn 
response as spectrum, 

- the DOT 3 .5 source surface as scoring function. 

Table 2. Punctual values along 
heat exchanger axis 

Point Reaction Standard 
number Rates deviation 

Fig. 6 

1 2,92 10s 10 % 

2 2,94 10s 7 7. 

3 5,49 10s 3 Z 
4 1,583 106 3 7. 

5 1,357 10s 3 7. 

6 4,247 103 3 % 

7 6,374 10" 4 7. 

Punctual values of reaction rates 
rates are shown fig. 8 and 
Table 2. 

CALCULATION MEASUREMENT COMPARISON 

Sodium activation 

For sodium activation of the secondary circuit, table 3 shows that the 
calculated value, without any kind of correction,is lower than the measured one 
of about a factor two. This good agreement can be further improved if the 
following corrections are applied : 

- method correction taking into account calculation approximation such 
as energy-group number, spatial and angular mesh, 

- experimental corrections determined by calculation and experiment 
comparison for typical mixture used in shielding ' , as previously described. 

The determination of such bias factors is made on simplified geometrical 
models, and then generally limited to the main axis of propagation. To use chem 
in the case of PHENIX, one is confronted with the very complex flux distribution 
in the raactor vessel. It is then necessary a close inspection of chese distri
bution to try to extract informations on the actual streaming paths. 

- 4 



Table 3. Activity of secondary sodium 

Measured 
value 2,03 10~3 •_ 0,3 uCi/cm3 

Calculated 
value 9,3 10~* uCi/cm3 

Method times 
experience 

bias factor 
1,2 * 1,5 - 1,8 

Final 
calculated 
value 

1,67 + 1,1 
10~3 uCi/cm3 

This inspection of the flux distri
butions (fig.4 ands ) suggests that 
the most probable streaming paths of 
the source blanket neutrons towards the 
HE are those around (up and below) the 
radial graphite shield. 

With such an hypothesis the "propa
gation" media are mainly stainless steel 
and sodium mixtures (75/25 Z) and pure 
sodium. In this way some residual bias 
factor may be deduced from the work 
quoted in Ref. 3 and method correction 
evaluated with one dimensional spherical 
transport calculations (see table 3). 

Uncertainties 

Three kinds of uncertainties are quoted : 

- sources uncertainties : + 30 Z, (consistent with the value annonced for 
SUPER PHENIX) ; 

- method uncertainties : _• 10 Z ; 

- bias factor uncertainties : *_ 60 Z, including the uncertainties 
on the most probable neutron paths. 

Finally table 3 shows very good agreement between measurement and calcula
tion of secondary sodium dose rate. 

Reaction rates comparisons 

Calculated and measured reaction rates of Mn (n,y) show a good agreement 
(fig. 6). 

We can observe : 

- The similar shape of the two curves : particularly maxima are localized 
at the same axial Z value. 

- The difference between absolute values are of the magnitude than those 
observed for sodium activity. 

CONCLUSION 

Shielding design methods, developed at CEA for shielding calculations find 
a global validation by che means oi PHENIX power reactor (250 MWe) measurements. 

Particularly we chink che secondary sodium activation of pool type LMF3R 
such as SUPER PHENIX '1200 MWe) which is subject co strict safety limitation 
is well C3iculacad by che adapced scheme, i.e. a two dimension transport calcu
lation of shielding coupled co a Monce-Carlo calculation of secondary sodium 
acti'/3Cion. - ; _ 



REFERENCES 

J.P. TRAPP, Ajustement des données nucléaires de matériaux de structures à 
partir d'expériences intégrales spécifiques. Anvers 6, 10 Septembre 82, 
International conference on Nuclear Data fer Science and Technology. 

G. PALMIOTTI, V. RADO, M. SALVATORES, Monte-Carlo validation of secondary 
sodium activation in a pool type LMFBR. Advances in reactor physics and 
shielding, September 14-19, 1980, SUN VALLEY, IDAHO. 

A. de CARLI, J.P. TRAPP, The adjusted LMFBR Shielding Formulaire PROPANE. 
Performance and validation version 1.Experimental program JASON for version 
2. Internat ionâl Conference on Radiation Shielding May 16™20 198jy TOKYO* 



z o 

< 
as 
C 

z o o 
J 
< 
M 
< 
I 

X 

z 

SI 
i 

Z 

as 

x 



2H .971 
(1)(33)(34)(8) 
SODIUM 

I^D "~T*T T(3)(2)(7) li II IPLATE GRID 
^ D ® ® | ® 

S ® 
® 

<D 
^ 
M. 

© 
-5L 

_® 
JL 

m © 

va 
ZM-ç. 
«H 
& 

@ 
M 

JL 3L 
e 

JUL 

© 

0 

© 

© 

m® 
© 

© 

P$4 

e @ 

© 
&> 

® 

@ 

8 

® 

® 

© 

.o. L 
© 

(4) (14) (18) (24) (26) 
(29) (30) (31) (32) 
TRANSITION ZONE 
(10)(23) 
EXPANSION CHAMBER 
(17) 
UPPER AXIAL BLANKET 
(25) 
LOWER AXIAL BLANKET 
(19)(20) 
FISSILE ZONE 
(15)(16) 
RADIAL BLANKET 
(13)(6) 
SHIELDING (Na-SS) 
(11)(12) 
SHIELDING 
(graphite - Na) 
(9) 
SS STRUCTURE 
(27) 
UPPER SHIELDING (SS) 
(28) 
UPPER SHIELDING 
(B4C) 

* . m v», 
92 ntpahls 

FIG 3 - CALCULATION 
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