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Abstract – SCWR (both thermal and fast neutron spectrum) are among the 6 reactor concepts 
selected in the frame of Generation IV. Significant work has been performed on the analysis of 
thermal spectrum concepts in FP5 HPLWR project. The present study is a preliminary analysis of 
the feasibility and performance of fast spectrum SCWR. The problem addressed is the following: 
can one design a fast neutron spectrum reactor with homogeneous core (without fertile blankets), 
having a breeding gain close to zero and a safe behaviour in transient conditions? It can be 
expected that the limited water inventory in the core leads to a small value of the moderation ratio 
(H/HM < 0.5) making possible a core design in fast spectrum. However, a sudden draining in 
accidental conditions would involve a fast reactivity increase. The constraints set for the design 
are: nominal power of 2500 MWth, operation at 25 MPa and 500°C core outlet temperature, high 
burn-up of 60 GWd/t. Global core pre-dimensioning carried out with the COPERNIC code made 
it possible to propose a compact core geometry, satisfying  thermal constraints and limitations for 
maximum fuel and cladding temperatures, namely 1800°C and 620°C respectively. For this core, 
the calculations carried out with the CATHARE code show that adapted parades could be found 
to avoid reaching safety limits during the transients studied (cold leg and hot leg LOCA). The 
ERANOS code determines a breeding gain of -0.05 without using fertile blankets. The neutronic 
analysis confirms that it is not possible to obtain an acceptable draining effect in the 
homogeneous core configuration. Complementary studies show that positive draining effect can 
be overcome by introducing heterogeneities within the core: insertion of solid moderator, fixed 
absorbents or fertile layers. 

 
 
 

I. INTRODUCTION 
 
The supercritical water reactors (SCWR) are often 

considered as an evolution of water reactors adapted for 
the sustainable nuclear development. They offer an 
interesting potential in terms of economy due to a 
relatively simple design (direct cycle) and high 
performance in energy conversion. The SCWR systems are 
part of the Generation IV selected concepts. 

The CEA conducts studies on SCWR, mainly looking 
at the feasibility of the fast spectrum version. The excellent 
properties of supercritical water beyond 22.1 MPa and 
374°C as a coolant enable a significant reduction of the 
water volume fraction and the average water density to 
levels which reduces significantly the neutron slowing 
down process hence allowing a fast neutron spectrum. The 

water inventory of this type of reactor is thus significantly 
lower than that of PWRs and BWRs which raises some 
difficulties on the elementary safety requirements, in 
particular for ensuring a negative neutronic void 
coefficient even during LOCA. 

 
II. PRE-DIMENSIONING 

 
The problem consists of the design of a compact fast 

spectrum core having an output power of 2500 MWth 
(equivalent to 1100 MWe with an efficiency of 44%). The 
fuel burnup must be high, 60 GWd/t (performance sought 
for currents ALWRs). The breeding gain is aimed at being 
positive. Concepts with fissile blankets are avoided at this 
stage of the dimensioning study (homogeneous core 
concept) for reasons of non-proliferation. Energy 
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conversion is performed in direct cycle, like BWRs. In short, the objectives of COPERNIC are the 
following:  

 o to contribute to select design options for new reactor 
concepts, II.A. Technical options 

 o to quickly evaluate the consequences of the 
modification of the operation setpoint or of the 
geometrical data on the general reactor design and its 
cost, 

The mains options set for the pre-dimensioning study 
are listed hereafter. 

 
Core design o to give the first sets of data necessary to the codes 

used for detailed studies: thermohydraulics, 
neutronics, etc. 

- homogeneous core without fertile blankets. 
- fuel bundles with inlet diaphragms (like BWRs). 

o to build a database of reactors parameters, - triangular lattice geometry (minimization of 
moderation ratio). o to evaluate design options of innovative reactors 

concepts proposed out of the CEA. - spacer wires (from 0.5 to 1 mm), grids are not 
adequate for this tight geometry.  

COPERNIC sheets contain essential reactor data 
values, gathered per components (core, vessel, pump,…) 
and used as input or output in the dimensioning 
computation. 

- MOX fuel with variable Pu content to adjust the axial 
power profile; clad is in made of stainless steel 
(AISI 316 [1]) for a better mechanical and corrosion 
resistance in the range of pressure and temperature. 

 - fuel rod diameter between 6 and 15 mm, the choice of 
the minimal value being based on the feedback 
experience gained in Phenix reactor (6.66 mm clad, 
5.5 mm pellet) and Super Phenix (8.5 mm / 7 mm). 

A set of functions (simplified models, correlations) 
relative to specific physical problems (e.g. heat 
conduction, pressure loss, component dimensioning) are 
applied on this dataset in order to evaluate other physical 
parameters like core power density, flow rate, size and 
mass of different reactor components. The approach 
ensures that each reactor concept (and each main 
component of the concept) is described by a consistent set 
of parameter values. 

 
Operating conditions 
- pressure of 25 MPa, the pseudo-critical temperature 

(corresponding to the maximum value of heat 
capacity) is 385°C at this pressure. 

- inlet core temperature (Tin core ) of 300°C  in order to 
reach the critical pseudo-temperature (385°C) in the 
mid region of the core. 

 
The EXCEL solver is used to optimize a set of pre-

defined parameters to which dimensioning constraints are 
imposed, for example the maximum value of the fuel 
temperature for a given reactor thermal power. 

- outlet temperature Tout ≤ 500°C (compatibility with 
structure and turbine materials). 

 
 Temperature criteria 
The optimization procedure is assisted by a graphical 

interface displaying the most critical parameters: maximum 
cladding and fuel temperature, critical heat flux, pressure 
drop in the core,... 

- centerline fuel temperature: Tpe ≤ 1800°C 
(corresponding to the limit of the MOX fuel operation 
in PWRs). 

- cladding temperature: 
 o Tclad ≤ 620°C for nominal condition (acceleration 

threshold of corrosion phenomena), This dimensioning method has been assessed against 
available data on the French PWR series and ABWR. o Tclad-75 ≤ 800°C for the incidental situations (loss of 

one on the 4 primary pumps, 75% of nominal flow 
rate in the core). 

 
COPERNIC makes it possible to quickly get results 

and therefore to perform parametric studies on a given 
concept, or comparative studies between various concepts. 
To date, several COPERNIC sheets have been developed 
for ALWRs and Gas Cooled Reactors. 

 
II.B. Pre-dimensioning approach 

 
The present study is restricted to the analysis of the 

core. The objective is to define the main design parameters 
of fuel rods and overall core parameters such as H/D ratio, 
power density, moderation ratio H/HM, etc. The 
COPERNIC code, developed at the CEA on the basis of 
Microsoft EXCEL spreadsheets and VBA, is used for this 
pre-dimensioning study. 
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II.C. Computation model 
 

Three types of channels are simultaneously modeled 
and calculated to evaluate the core: 
- average channel, to determine the overall flow in the 

core by making a simple energy balance, 
- hot channel, to assess the maximum fuel temperature 

(the thermal power and the mass flowrate are both 
deduced from the average channel by using the radial 
form factor), 

- channel with 75% flowrate, for the assessment of 
cladding temperature limit in the event of the loss of 
one feedwater pump. 
 Figure 1 : Axial evolution of heat transfer coefficients 
Each channel is axially divided into 20 meshes.  

 The computed heat transfer coefficients as a function 
of axial location in the core are shown in Figure 1. In the 
range of parameters explored for the core optimization, all 
3 correlations give very similar results for cladding 
temperature (Figure 2). 

II.D. Heat transfer correlations 
 

Several correlations were developed in the 60’s and 
70’s for supercritical water but they are restricted to inner 
flow in tubes. There is a lack of experimental data for 
bundle geometries with grids or spacer wires, relevant to 
core fuel assemblies. 
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In the present study, the fluid-to-clad heat transfer 

coefficients have been computed using 3 different 
correlations: Dittus-Boelter, Bishop, Oka-Koshizuka. 

 
The classical Dittus-Boelter correlation is used in the 

CATHARE code, but is not validated in the supercritical 
field. It tends to over-estimate the heat exchange 
coefficient in the vicinity of the pseudo-critical 
temperature. It does not account for the DHF phenomenon 
(Deterioration of Heat Flow) observed for very high heat 
flux and low fluid velocity. Figure 2 : Axial evolution of clad and fluid temperature   The correlation of Oka-Koshizuka takes into account 
the DHF. The implementation in the optimization 
procedure induced numerical problems and eventually this 
correlation was not used. 

II.E. Optimization studies and fast spectrum reference 
design (results) 

 
Three types of parameters can be defined in the 

optimization procedure:  
The Bishop correlation is a priori appropriate for 

supercritical water. For the conditions of the core design, it 
did not reveal the occurence of DHF but the choice of 
power and flowrate is outside the range of expected DHF. 
This correlation gives heat transfer coefficients lower than 
the others, which is conservative. 

- initial parameters set to a fixed value (Tin core, pressure, 
power form factors, burnup,…), 

- parameters constrained within prescribed limits to be 
reached or not to be exceeded (clad and pellet 
temperature, maximum fuel residence time,…), 

- parameters to be varied, usually within min and max 
boundaries (Hcore, Dcore, Dpellet,…). 
The optimization procedure produces the main 

geometrical core characteristics (fuel rod diameter and 
pitch, core height and diameter) and other design 
parameters (mass flow rate, power density and volumetric 
heat flux). 

 3  



Proceedings of ICAPP ’04 
Pittsburgh, PA USA, June 13-17, 2004 

Paper 4078 

Table 1 recalls the main constraints imposed to input 
parameters for the optimization study. 

 
III.A. Modeling of supercritical water in CATHARE 

 Mini Parameter Maxi 
300°C Tin core 300°C 

 Tout 500°C 
6 mm Dfuel 15 mm 

0.5 mm Dspacer 1 mm 
1 [H/D]core 1 

no limitation Hcore no limitation 
 pellet : Tpe 1800°C 
 clad : Tclad 620°C 
 Tclad-75 800°C 

900 days fuel residence time  
 moderation ratio : H/HM 0.5 

For the modeling of supercritical water flows using 
CATHARE, it has been chosen to keep considering two 
phases, separated by the pseudo-saturation point: “pseudo-
liquid” below this point, “pseudo-steam” above. The 
closure laws are defined to ensure a good thermal and 
mechanical coupling when both pseudo-phases are present. 

For the modeling of wall-fluid heat transfer, the 
classical Dittus-Boelter correlation was used with physical 
properties calculated at the fluid temperature (pseudo-
liquid or pseudo-steam). Recent assessment work 
suggested that Bishop correlation is best appropriate in 
supercritical conditions. The implementation of that 
correlation is underway in CATHARE. Table 1: main constraints 

 The modeling of thermal-hydraulic behaviour of the 
fast spectrum design did not require any additional 
developments in CATHARE. 

The results of the optimization of core design, using the 
above-mentioned constraints, are summarized in Table 2. 

 
Tin 300 °C 
Tout 500 °C 
Dfuel 6.38  mm 
Dspacer 0.5 mm 
Pitch 8.02 mm 
H/HM 0.364  
[H/D]core 1  
Hcore 2.16 m 
fuel rods 6580  
Power density 315 kW/l 
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Table 2: reference fast spectrum design parameters 
 

III. THERMAL-HYDRAULICS ANALYSIS 
 

CATHARE is the French best-estimate code used for 
safety analysis of Light Water Reactors. Two-phase flow is 
modeled using a two-fluid 6-equation model in 0-D, 1-D 
and 3-D modules. Since 2001, some work has been 
undertaken to extend the range of CATHARE applicability 
to water supercritical conditions. Thanks to the extension 
of water and steam properties up to 26 MPa and recent 
modifications of the standard code version, it is now 
possible to simulate transients where both supercritical and 
sub-critical regimes are encountered. The present status of 
model development and assessment has been reported 
previously [2]. The code has been used for the simulation 
of the behaviour of thermal spectrum SCWR in accidental 
situations [3]. The present paper shows more recent results 
obtained for the fast spectrum reference design described 
in section II. 

Figure 3: CATHARE model of SCWR (fast spectrum 
concept) 

 4  

DER/SERI/LFEA - Ph. Marsault
Partie rédigée par Claude Renault, Patrick Dumaz, O. Antoni



Proceedings of ICAPP ’04 
Pittsburgh, PA USA, June 13-17, 2004 

Paper 4078 

 Results for the fast spectrum design 
III.B. CATHARE model of fast spectrum SCWR Both scenarios have been recalculated with the 

reference fast spectrum design described in section II. The 
overall core thermal power is 2500 MWth and core power 
density 316 kW/l (3568 MWth and 100 kW/l, respectively, 
for the thermal spectrum concept). The initial value of the 
maximum cladding temperature is approximately the same 
(~ 525°C) for both concepts. The postulated break size is 
25 cm (cold leg break) or 46 cm (hot leg break) 
corresponding to the total rupture of a feedwater line or a 
steam line, respectively. 

 
Exploratory calculations of LOCA transients were 

performed in the frame of the FP5 HPLWR project for the 
thermal spectrum SCLWR-H design initially proposed by 
University of Tokyo [3, 4]. Only the vessel and simple 
boundary conditions simulating feedwater lines and steam 
lines were modeled. The CATHARE input data deck 
prepared for the simulation of SCLWR-H was used as the 
starting point for the fast spectrum SCWR CATHARE 
model. The core is represented by 2 channels in parallel, 
one with the average core power (“average assembly”), the 
other (“hot assembly”) with 150% power (radial form 
factor taken to 1.5). Singular pressure drop coefficients are 
adjusted at the inlet so that the fluid temperature is 
homogeneous at the core exit. 

For the calculations, it was assumed that there is no 
void reactivity effect (see core physics analysis in 
section IV) and that control rods are fully inserted 3 sec 
after break initiation. 

For the analysis, it was considered as safety criterion 
that the cladding temperature should not exceed 1200°C, 
although this value may not be appropriate for stainless 
steel. 

Obviously, the “pipe” simulating water rods cooled by 
a descending flow was suppressed (in the SCLWR-H 
concept, these water rods are required to compensate the 
core under-moderation by supercritical water). 4 loops 
were considered in the model. Other modifications related 
to the introduction of the new values of design and 
operation parameters obtained after the pre-dimensioning 
study of the fast spectrum core concept (cf. section II). 
Figure 3 is a schematics of CATHARE components and 
assembly used to model SCWR. 

 

large break
on a feedwater line

feedwater
valve

large break
on a feedwater line

feedwater
valve

 

steam line
isolation valve

steam line
isolation valve

The operating pressure is 25 MPa and the core inlet 
and outlet temperatures are 300°C and 500°C, respectively 
(for both average and hot assemblies). These values are 
identical to those in the thermal spectrum SCWR-H, 
however the heat generation rate in the fuel is significantly 
larger in the fast spectrum concept. 
 

III.C. Simulation of LOCA transients with CATHARE 
 

Summary of the analysis for the thermal spectrum 
design 

The exploratory calculations for the thermal spectrum 
SCLWR-H design were run, in a first approach, without 
consideration of any safety system (no accumulator, no 
high or low pressure water injection systems,…). Two 
types of LOCA transients were simulated: feedwater line 
break and steam line break. For both cases, the results 
showed that a quasi-adiabatic core heat-up is observed 
shortly after break occurrence. The worst situation is the 
feedwater line break because the major part of the vessel 
water inventory is rapidly lost at the break without flowing 
through the core. In this latter case, the delay for core heat-
up can be slightly mitigated by activating a 
depressurization device on the steam side of the system 
[2]. 

Figure 4: Water path after break initiation (feedwater 
line break 

 
Only the results for the feedwater line break case are 
presented here. Figure 4 shows schematically the water 
paths in the vessel and the loops just before break 
ocurrence. Steam lines are assumed to be closed 
immediately after the break (0.1 sec) and the intact 
feedwater lines are fully isolated at 4 sec. These closure 
times have been chosen rather arbitrarily; more realistic 
values have to be determined for future studies. 
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Figure 5 shows the pressure behaviour as a function of 
time. The depressurization is very fast (the pressure value 
becomes less than 1 MPa after 16 sec). It yields to a 
temporary reversion of mass flow rate through the core 
(between 0.1 to 0.5 sec) and the liquid water present in the 
vessel is rapidly lost to the break. 

Figures 7 and 8 show pressure and cladding 
temperature behaviour in both cases, with or without ADS 
actuation. The depressurization rate is even faster using the 
ADS system. However, the maximum cladding 
temperature remains below 1200°C along the full period of 
time simulated with CATHARE (0-44 sec). 
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Figure 5: Pressure (feedwater line break, base case) Figure 7: Pressure, without ADS (base case) and with 

ADS  
As a result, cladding temperatures rise very abruptly. 

The maximum cladding temperature in the core overcomes 
1200°C within less than 2 sec after break occurrence 
(Figure 6). 
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Figure 8: Maximum cladding temperature, without 
ADS (base case) and with ADS 

 
Eventually, another simulation was performed with a Low 
Pressure Injection System (LPIS) available into the upper 
plenum. In the calculation, it was assumed that the 
injection is effective 31 sec after break initiation. The 
injection flow rate is 800 kg/s for a pressure of 0.1 MPa in 
the upper plenum. Figure 9 shows the beneficial effect of 
LPIS on cladding temperature. 

Figure 6: Cladding temperature (feedwater line break, 
base case) 

 
This behaviour can be significantly improved by 

operating an Automatic Depressurization System (ADS) 
located in the upper plenum. In the calculation, the ADS is 
assumed to be fully open (size equivalent to the diameter 
of a steam line) 1 sec after the break opening. The role of 
the ADS is to restore ascending flow through the core 
resulting in improved heat removal from fuel rods. 
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Figure 9: Maximum cladding temperature (effect of 

LPIS) 
 

IV. DETAILED CORE-PHYSICS STUDIES 
 

In parallel with the reference thermal SCWR core, 
development of a fast core will enable subsequent 
improvement in the Generation IV metrics:  safety, 
economics, sustainability and proliferation resistance.  
Such a reactor, with a harder neutron spectrum than a 
thermal reactor considered primarily here, will have the 
advantage that dedicated moderator rods will not be 
required in the core. Moreover, it offers the possibility of 
sustainable use of Uranium, which might become an 
additional incentive for long term use of this reactor 
system. The higher void coefficient, on the other hand, 
causes additional risk in comparison with a thermal core, 
which needs to be solved. 

In order to investigate such possibilities, some 
neutronic calculations have been performed using results 
from COPERNIC design study (section II) in which the 
water content has been reduced to a minimum hence 
ensuring a fast spectrum. The current section deals 
successively with the computational scheme, homogeneous 
model of the core and variants expected to reduce void 
coefficients  

 
IV.A. Computational scheme 

 
Hydrogen included in the water is a very specific 

nuclide mostly because of its very low mass: 
• Slowing down is very significant since it has nearly 

the same mass than the neutrons that will collide it. 
This might lead to the possibility of having neutron 
moderation up to the thermal zone. Describing the 
sub-assembly in its most detailed modelling is 
therefore important. 

• Collision anisotropy also is important, requiring 
specific treatments for the leakage and the scattering 

law. Again, geometrical aspects of the sub-assembly 
are important. 
 
As a consequence, a pin cell representation is 

necessary with a RZ core geometry (3D Hex-Z aspect 
potentially possible but not fully necessary for reactivity 
effect calculation). A specific computational scheme has 
hence been designed with ERANOS [5] for both flooded 
and voided situations. 

 
Water has a significant slowing down impact as well 

as a large anisotropy contribution which must be treated 
correctly. It is the reason for which the retained 
computational scheme includes an explicit Legendre 
order 1 scattering representation at each level of the 
deterministic scheme (cell and core). 

 
The computational scheme uses:  

o A treatment of the collision anisotropy to the 
Legendre order 1 at each stage of the cell and core 
calculations  

o A 2D heterogeneous geometry of the sub-assembly in 
P1 consistent (coupled flux and current equations) at 
1968 energy groups with probability tables. This is the 
so-called reference scheme since the self shielding 
treatment is performed with limited approximations 
and the streaming treatment of the transport cross 
section appears both in its self shielding algorithms 
and in its current weighting formulation through 
condensation and smearing. 

o The core calculation is performed with the BISTRO 
code [6] in transport Sn approximation for the RZ 
geometry with an explicit description of the transfer 
matrices to the Legendre order 1. 
 
This computational scheme offers a particular 

convenient set of algorithms since it provides adequate 
calculations for both fast and thermal spectra. 

 
This scheme has been used in a very satisfactory 

manner for both thermal and fast benchmarks [7,8] but the 
most adequate tests performed, applying to the current 
work; are associated to the data and methods used to assess 
the sub-criticality of the storage of SUPERPHENIX 
subassemblies [9], more specifically for thermal SCWR 
[10]. However, no specific experiments supporting 
calculations for low water density cells do exist and it 
would be valuable to perform such experiments to validate 
the results of the calculations. 

 
ERANOS analysis with enthalpy balance calculation 

included provides the necessary design values such as 
BOL reactivity, distribution of water flow between S/As, 
burnup swing and reactivity coefficients.  
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IV.B. Homogeneous design of the core 
 

Cores with fuel sub-assemblies for different pitch over 
pin diameter ratios have been studied (P/D =1.01 and 1.2) 
with the thermal – hydraulic and neutronic core coupling. 

 

0%

2%

4%

6%

8%

10%

12%

1.E-01 1.E+00 1.E+01 1.E+02 1.E+03 1.E+04 1.E+05 1.E+06 1.E+07 1.E+08
Energy (Ev)

A
rb

itr
ar

y 
un

its

P/D=1.01 P/D=1.2 PWR

 

Figure 11: Axial flux at different radial positions 
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Figure 12: Radial flux at different elevations 
Figure 10: Flux spectra for SCWR cores compared to 

a PWR flux 
  

One can see on Figure 10 that the neutron flux, with 
these ratios of pitch over diameter, remains essentially fast. 
The P/D  comparison with a typical PWR spectrum 
exhibits the significant difference between a fast and a 
thermal core. Fractions of the flux are only 1% thermal but 
24% epithermal and 75% fast.  

For what concerns feedback coefficients, the Doppler 
effect is in the range of -0.8 pcm /°C to -1.5 pcm/°C while 
the expansion effect is of -0.5 pcm/°C. The delayed 
neutron fraction βeff  has a typical value of 390 pcm. 

Cold water flooding has a reactivity effect of -
1500 pcm while flooding in post-accidental situation gives 
a reactivity effect of -2000 pcm.  

The detailed calculations have then been done for a 
core having a height over diameter of 1 (radius 108 cm, 
height 216 cm), a thermal power of 2500 MW and an inlet 
water temperature of 300°C with the flow rate of 1362.5 
kg/s. Fuel pin has a 0.752 cm external diameter with a 0.05 
cm clad thickness and a fuel pellet diameter of 0.638 cm. 
Finally the pitch over pin diameter is equal to 1.066. 

The most important feedback coefficient for what 
concerns the feasibility aspect of the fast SCWR is the 
depressurization effect which is instantaneous and 
isothermal. There is no other feedback coefficient able to 
compensate it. The void effect has been calculated for the 
homogeneous core and it raises up to 3600 pcm.  

This is the result of two reactivity effects as shown in 
Table 3 :   

The search for adequate Pu content able to sustain a 
60 GWd/t fuel cycle has given 14.5%. The instantaneous 
breeding gain at the end of cycle is equal to –0.05 which 
means that a sustainable fuel cycle has been obtained. 

• positive effect due to the change in neutron spectrum  
• negative effect due to the increase of neutron leakage  

 
Medium Capture 

(pcm) 
Fission 
(pcm) 

Leakage 
(pcm) 

Elastic 
(pcm) 

TOTAL 
(pcm) 

 
% 

Reflectors 9 0 -1143 1372 238 7% 
Core 262 -152 -390 3645 3364 93% 
Total 270 -152 -1533 5016 3602 100% 

 
The study shows (see Figures 11 and 12) that it is 

possible to design a core with a form factor of 1.5 axially 
and 1.5 radially without axial zoning while the radial 
zoning is limited to two enrichment zones (13% for the 
inner zone and 16% for the outer zone). 

Table 3: Breakdown of the void reactivity effect for 
homogeneous core 
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To decrease the void effect, several solutions have been 
investigated: 

V. CONCLUSIONS 
 

A study has been conducted on the feasibility of a fast 
spectrum version of SCWR having a positive breeding 
gain without fertile blankets. The main design constraints 
imposed were: nominal power of 2500 MWth, operation at 
25 MPa and 500°C core outlet temperature. The pre-
dimensioning study carried out with COPERNIC produced 
the characteristics of a compact core geometry satisfying 
temperature limitations of 1800°C and 620°C for fuel and 
cladding respectively. This reference design does meet the 
objective of isogeneration, as the breeding gain calculated 
with ERANOS is nearly zero. 

• decrease the water ratio in the core by increasing the 
inlet water temperature, 

• change the composition and size of reflectors, 
• change the core shape, 
• change the core size. 
None has been proven to be of sufficient improvement. 
Investigations have then been initiated to study 
heterogeneous core options. 

IV.C. Heterogeneous Design of the Core 

The simulations with CATHARE of the transient 
behaviour in LOCAs (total rupture of a feedwater line) 
indicate an extremely fast increase of cladding temperature 
above 1200°C, the criterion defined in the study. However, 
sensitivity calculations show that the activation of ADS 
(Automatic Depressurization System) and LPIS (Low 
Pressure Injection System) is efficient to mitigate the 
cladding temperature rise. 

The idea comes from previous studies, which have been 
visited recently [11], where blankets were introduced with 
ZrH layers. Here, in order to avoid the proliferation aspect 
of the blankets, boron carbide has been used instead. The 
initial homogeneous reference core has been split into 
three radial zones as shown in Figure 13. 
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The void effect is positive in the reference 
homogeneous configuration. However, this adverse effect 
can be overcome by introducing ZrH layers and boron 
carbides within the core. This core however does have a 
negative breeding gain.  

Further studies are underway to find a design 
matching simultaneously the criteria of isogeneration, non-
proliferation and safety. Figure 13: Layout of the heterogeneous core in an RZ 

modeling 
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Medium Capture 

(pcm) 
Fission 
(pcm) 

Leakage 
(pcm) 

Elastic 
(pcm) 

TOTAL 
(pcm) 

 
% 

Reflectors 29 0 -1932 1510 -393 35% 
Core 137 -122 -1363 623 -724 65% 
Total 166 -122 -3295 2133 -1117 100% 

Table 4: Breakdown of the void reactivity effect for 
heterogeneous core 

 
The change affects the two components the neutron 

leakage is increased while the new shape of the neutron 
importance reduces the slowing down effect (elastic). 
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NOMENCLATURE 
 

ADS Automatic Depressurization System 
ALWR Advanced Light Water Reactor. 
BWR Boiling Water Reactor 
CEA Commissariat à l’Energie Atomique 
Dcore core diameter 
DHF Deterioration of Heat Flow 
Dpellet pellet diameter 
Dspacer spacer wire diameter for fuels rods 
H/D core ratio : height / diameter 
H/HM moderation ratio : hydrogen / heavy metal 
Hcore core height 
HPLWR High Performance Light Water Reactor 
LOCA Lost Of Coolant Accident 
LPIS Low Pressure Injection System 
MOX Mixed Oxide Fuel 
PWR Pressurized Water Reactor. 
SCLWR-H Supercritical-pressure light water cooled 

reactors – high temperature thermal reactor 
SCWR Supercritical-pressure light water cooled 

reactors 
Tclad cladding temperature 
Tclad-75 cladding temperature - 75% of nominal flow 

rate in the core 
Tin core inlet core temperature 
Tout output core temperature 
Tpe centerline pellet temperature 
VBA Visual Basic for Application 
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