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THE FRANATOWE RCVS CONCEPT AND PHYSICS 

A. VALLEE, J.P. HILLOT, G. BRONA 

(FRAHATOKE, Paris La Défense, France) 

1. lyRonocTioH 

The French policy on fuel reprocessing «ill produce in he next few 
years a large amount of Plutonium. Because of the expecte; delay on a 
large industrial launching of Fast Breeder Reactor, France decided to 
develop Plutonium recycling in PHR. The Analysis does not show any 
technical or safety problea, but such a solution reduces the plutoniua 
stocks both in quantity and quality. So it appeared to FRAMATf-HE that a 
PVR type reactor improving the Plutonium consumption will be seeded by 
the end of the century. Besides, low costs on Uranium ore :ie being 
expected in the decade ahead before the Fast Sreeder Reactor 1. inching, 
so Cranium fueled reactors will be also needed. 

In order to ><!?? on working in the frame of the basic french policy of 
Nuclear Plant Standardization, FRAHATOME began to elaborate a new 
reactor concept with the following targets : 

- basic équipements will be f*om a PVR, " 
- the reactor will be able to work with both Uranium or Plutonium 

fueled cores, 
- in the Plutonium configuration, the conversion ratio will be of 
£bout one, 

- the fuel assembly design will introduce minor changes in the 
industrial process of the overall BOX fuel cycle from rods factory 
down to reprocessing. 

The result of our analyses is the RCVS concept, which mostly differs 
from a classical PWR by the core and its surroundings. Improvements in 
fuel utilization are obtained from extensive use of depleted Uranium, 
through Spectral Shift Rods both in Uranium and Plutonium 
configurations, and through axial and radial blankets only in the 
Plutoniun configuration. 

2. REACTOR DESCRIPTION 

The advanced RCVS is a PVR type concept : it makes use of all the PHR 
components, but the core and its immediate surroundings. The RCVS 
concept could be set up in a current PVR plant. 
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The only important components the design of which is different froa the 
classical FDR's are : 

1) The fuel (fig. 1) 

The aiB of using current fabrication and reprocessing plants induced 
FRAHATOME to choose a zircalloy cladding with usual French PWR pins. 

In order to guarantee a sufficient conversion ratio in the plutonium 
fueled version, FRAHATOME chose an hexagonal skeleton assembly which 
allows a coolant to fuel ratio of about 1.1, with PHR Kind pins. A 
coolant . to fuel ratio of about 2.0 is got in the uranium fueled version 
by suppressing some fissile pins. Hydraulic compatibility between the 
two assembly versions is obtained by introducing a convenient number of 
water filled tubes. 

0 arrangment PO aitanguent 

2) The control rods systems 

In the RCVS conceptual design, all the fuel elements are all equipped to 
receive control, shutdown and Spectral Shift Rods Clusters : 

a. the absorbing rods for the reactivity control : 

every 1/3 element is equipped with these rods, operated by a 
conventional latch mechanism 

b. the spectral shift rods : 

these rods are filled with depleted uranium pellets. They are 
introduced in the core at the beginning of life in order to increase 
conversion by lowering the coolant to fuel ratio and reducing the 
average enrichment. 
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«hen the system is going undercxitical due to burn-up, these 
équipements are pulled off the core, bank after bank until the end 
of the cycle. 

The Spectral Shift Rods allow the assembly coolant to fuel ratio to 
range between the following values, depending on the RCVS version : 

Coolant to fuel ratio 

Plutonium fueled RCVS 
Cranium fueled RCVS 

SSRin SSRout 
1.10 1.40 
1.65 2.00 

Two fueled assemblies out of three in the core receive this kind of 
spectral shift clusters via the guides designed for that use. The 
rod displacement is made by a hydraulic mechanism. 

3) The internals and the vessel 

The classical FBR internals have been adjusted to core hexagonal 
geometry. The necessary fittings of all the upper internal équipements 
allowed the introduction of a massive stainless steel reflector to 
reflect the core neutrons and reduce the damages on the vessel. 

3. «CVS Physics 

We can investigate the RCVS njiysics splitting the' approach into t w o - -
different problems which do not appear in standard FHR studies : 

- those related to the mechanical spectral shift with fertile rods, 
and that both for Dranium and Plutonium, 

- those related to the use of Plutonium in tight lattices. 
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Figure 2 

Spectrum deviations, 
caused by inserting 
inert and fertile 
Spectral Shift Rods in a 
Dranium fueled RCVS 
assembly 
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3.1. Mechanical Spectral Shift 

Let us now analyse how Hechanical Spectral Shift physically works. As a 
first step, ve have a look on the effect of inert and fertile rods being 
inserted or extracted in guide tubes in a RCVS Uranium fuel assembly 
(Physically identical with a classical PWR). 
Figure 2 shows the spectrum tilt when inert and fertile rods are 
inserted in one fresh fuel assembly supposed in an infinite medium. What 
is dtawn, is the difference between the nomalized flux of the perturbed 
case (with spectral shift rods in) and the reference case (with rods 
out). 

Few contents can be Bade 1'ron these curves : 

- the pivot of the spectrin hardening, when reducing moderator to 
fuel ration is around 60 ev. That is above the most important part 
of epithemal captures of 238 Oranium which create fissile 239 
Plutoniun. So, if the integrated flux level was the same with and 
without Spectral Shift Rods, the fertilization would be reduced 
slightly (about 2* in the presented case). 

- if we suppose saae specific power with and without SSR, the 
thermal flux depression (under 1 ev) leads to a higher integrated 
flux level for getting the sane fission reaction rate (this 
consequence does not appear on the figure 2 because of the 
comparison of normalized fluxes). The increase is about 8 t i n the- ••„ 
analysed configuration botfi*With fertile and inert rods. 

Consequently, the total gain in 239 Plutonium production is about 6% 
with inert SSR (coiing from a B I gain on flux level and 2 I loss on 
Spectrum deviation). But it increases over 20 I with fertile SSR which 
insert in the fuel assembly about 15 * of extra 238 Uranium. 

This gain affects mostly the depleted uranium rods which contribute 
significantly (about 5't) to the energy produced by the core during a 
RCVS fuel cycle. 

Figure 3 

Neutrons Spectra in PSR, 
fueled Plutonium RCVS, 
and FBR. 



5 

3.2. Plutonium tight lattice 

3.2.1. Basic data 

The first problem set in Plutoniun tight lattices is related to basic 
data qualification. 

The initial enrichment, (ranging fron S\ up to 1% in fissile Plutonium, 
according to cycle length, fuel management pattern, PlutoniuB isotopic 
conposition and discharged burn up), is higher than in current critical 
experiments realized mostly for Dranium fueled P8R burn-up process or in 
recycling snail anounts of Plutonium. F.B.R. experinents were carried at 
high level enrichment, but, as indicated in Figure 3, spectrum is very 
different from the Plutonium RCVS one, because of the lack of water. 

So typical experinents axe needed, and they are carried out now in CEA 
facilities in Cadarache. 

PWR : Pu RCVS : 

: Uranium 
: Plutoniun 
: Heavy isotopes 
: Fission Products 

86,9 ': 0,8 
- 20,6 : 26,0 : 

1,8 : 16,. 
• 11,9 : 56,7 

: Total 100 100 

Table 1 : Contribution of the main isotopes families to reactivity 
loss through a core cycle (100 represents about 14000 pdn 
in a PWR and 6000 pen in a Pu RCVS). 

Besides, isotopic evolution in this kind of core appears to be quite 
different fron the usual one. Table 1 shows the contribution of 
different families of isotopes to the reactivity loss of an equilibrium 
cycle of a PWR and a Plutonium fueled RCVS. 

The effect of the uranium isotopes which was very large in a PWR, 
disappears in Pu fueled RCVS. The global contribution of plutonium, 
which was positive, becomes negative and accounts for a quarter of the 
reactivity loss. 

Other heavy isotopes, which had very minor effects in PWRS, affects 
quite largely the evolution in the Pu fuel and according to this fact, 
we need very accurate data on them. 

Fission products, which account for a third of the reactivity loss in a 
PWR, are the most important part in the Pu RCVS, contributing for about 
55\ of the total. 
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All that shows that good data on the capture and fission cross sections 
of Plutoniun are not sufficient to guarantee a good estimation of the 
reactivity needs for such a core and that the now estimated initial 
enrichments are to be used very carefully because of uncertainties. 
The overall experimental developments performed by CEA (ref. 1) will 
give answers to those problems and will allow to get accurate analysis 
of the Plutonium RCVS. 
3.2.2. Design problems 
The design problems of such a core are mainly related to voiding and 
reactivity control. 
The voiding effect is a major one because the very costly consequences 
on the design of a positive response. Figure 4 shows a typical variation 
of reactivity of a fresh Plutonium fuel assembly in an infinite medium 
with the percentage of void. 

REACTIVITY (UIITIUfiy UNIT) 

Figure 4 
Tight lattice 
Plutonium Fuel 
assembly. 
Reactivity 
variation with 
purcentage of void. 
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At first, reactivity decreases because of the smaller contribution of 
thermal fissions ; but progressively, the spectrum hardens, reducing 238 
Dranium and Fission Products Capture, and so, when thermal fissions 
level becomes sufficently low, the reactivity begins to increase. Our 
purpose, in designing RCVS core, «as to get a lower reactivity in voided 
cases than in the wet core. Void coefficient is very sensitive to 
Plutonium enrichment and will determine the upper value allowed for this 
kind of core. Analysis performed with the transport assembly code APOLLO 
shows problems in voided conditions in FRAMATOMF. RCVS around 8% 
enrichment in fissile Plutonium, so out of the range in wbich we expect 
to be in the RCVS. But a qualification is strongly needed for this kind 
of configuration and because of the large migration area of the voided 
cores, it must be-performed in large facilities. 

For this kind of core a particuliar emphasis must be put on 
reactivity control. The problem is that poisons, such as soluble boron, 
or boron carbide pellets in control rods, are less efficient than in a 
PWR, because they capture mostly at low energy level. What is 
interesting to note, in a design point of view, is that when inserting 
strongly absorbing control rods in a Plutonium RCVS we get the same 
physical effects than in a classical PWR. That can be seen on table 2, 
where the contribution of main isotopes to the reactivity change are 
explicated when inserting boron carbide rods in the core. 

CLASSICAL PWR - FUELED PLDTONIDM RCVS— • : 

: Spectral 
: effect 

Direct 
efiect 

Balance Spectral 
effect 

Direct 
effect 

Balance : 

: + 17,2 
: - 7,4 
: + 6,9 
: - 1,8 
: + 1,2 
: - 0,4 

: - 5,3 

I - 3,8 - 0,8 
+ 94,2 

0,3 
- 8,2 
+ 19,2 
- 10,2 
+ 8,6 
- 3,0 
- 4,0 

- 0,6 - 0,1 
98,0 

: + 6,6 + 93,4 100 2,1 97,9 100 : 

23S 0 
238 0 
239 Pu 
240 Pu 
241 Pu 
Other heavy 
elements 
F.P and 
structures 
Water 
Absorbing 
rods 

Total 

Table 2 Normalized effects of inserting boron shutdown rods in a core. 



Nearly all the contributions to the reactivity balance cose in both cases 
from boron carbide capture, the spectral effects being close to zero, due to 
the fact that spectral contributions of the heavy isotopes and fission 
products annihilate each other. 

With clearly no important spectral effect, a further step toward design Bust 
be done by checking that no geometrical saturation of rod worth Bay appear. 
Sensitivity studies performed in the area cf concern show up that : 

- shutdown rods worth is nearly proportional to the number of rods 
clusters and, in a first approximation, to the pellet absorber 
diaaeter and the number of control rods per fuel assembly. 

- shutdown rod worth increases with 1C boron enrichaent and this 
tendency does not saturate. 

All that shows very large possibilities to optimize the shutdown rods 
pattern to get a good solution. 

4. CONCLUSION 

We have tried through this presentation to emphasise on what FRAMATOHE 
thinks to be the most specific problems of the advanced RCVS core 
concept (Spectral shift, voidage, reactivity control). Besides, 
FRAMATOME is analysing the most important safety, related topics,, 
typically LOCA and DNBR, and Has launched developments on them, in 
connection with CEA. 

No unsurpassable problems showed up right now. The core behaviour during 
a loss of Coolant Accident is quite similar to FWR's, the pitch between 
rods being sufficently large for clad ballooning not to cause any 
damage. 

To conclude, the core improvements developped by FRAMATOME on the RCVS 
concept economize the use of fissile materials as shown in the following 
table : 

PWR RCVS : 

: 1 metric ton of natural 
: U produces 

: 1 kg of recycled Pu produces 

1,0 kg 

0,6 kg 

1,15 kg : 

0,9 kg : 

Table 3 Fissile Plutonium production in a classical PWR and a 
RCVS. 
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All of that leads to major reductions in the fuel cycle costs. On a 
Plutonium fueled RCVS, the effective gain is around 251 in comparaison 
to a classical PWR. For the Plutonium RCVS, the uncertainties on basic 
data make accurate evaluations uneasy, but a good estimation ranges it 
between 25% to 30% compared to a classical PWR. The initial capital cost 
being of the sane order of magnitude than for a PWR, all of that could 
make the RCVS a performing reactor by the end of the century. 

Reference 1 = Advanced PWRs = prospects and experimental basis, by B. 
Barré, J.N. Courtaud, H. Darrouzet, C. Golinelli and S. Nisan ÇCEA 
ÇEN-cad-Saint-Paul-lez-Durance, France). 


