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ABSTRACT 

CAE Electronics Ltd., in collaboration with Koclas Logic System 
Ltd. has developed a fully dynamic , multi-nodal Advanced Reactor 
Core model for real-time simulator. In previous Batters (References 
1 and Z), this Advanced Core model has been validated by carrying 
out a series of static and dynamic benchmark tests, and by applying 
the mods1 to a PME core. In this paper, we present the model as it 
is applied to a 600 MW CANDU reactor core. 

Goad agreements with Plant or design e t a  have been obtained and 
iztprovement over the Modal model (used in most CAMDU siniulators) in 
the reproduction of the local effect on a detector reading is 
achieved. 

A bdef description of the.inplementation of the Advanced Reactor 
Core model is. given in the .following, a more detailed presentati- 
on of the madel theory can be hund in (Refareaces 1 and 2) .' 

- A fine-mesh code (oÂ the order of 10000 mesh cells) has been 
designed to solve the two energy group diffusion equations by 
finite-difference method. This code, when running off-Une, is 
used to generat~e the reference solution for calculation of 
parameters to be used in the real-time dif5usion equation. 

- m e n  finite-d.$ffer&cq method is used to solve the coarse nodle 
diffusion equations (of the order of a few hundred nodes) for 
real-time, si~lqtio~, unacceptably large errors asaociat.ed with- 
the horog,eniaa.tion of nuclear parameters over coarse nodes occur. 
These difficulties are cir-en.ted in the. Advanced Reactor Core 
mbdel by using the Generalized Equivalence Theory (References 3 
and 4 ) .  

As a result, the application of the Generalized Equivalence 
theory to. seal-tine simulation provides : 

a) Ail introduction of the so-called 'discontinuity factors which 
are used to force practically any approximate model to match 
exactly the relevant integral quantities (reaction and leakage 
rates, eigenvaluei edited .from a more detailed reference 
calq.lati&. 



b) A prescription to calculate appropdate -average nuclear 
properties over coarse mesh size node f o r  real-time simulation. 

2 .  APPLICATION OF THE MODEL TO THE 600 MW CANDU REACTOR CORE. 

The CANB(J *&or core consist* of. to g a y  oÂ hor-izogt.al 
pressure tm csntaining natural uFanim fue l ,  passing through a 
l - ~ g e  ciyl1,pftrifcal vessel (calaadria) centaiming the heavy water 
n i ~ ~ & ~ a . b ~ r .  amd reflector. Prwsuri&I heavy water coplaftt is 
pumped thrsugh the pressure tubes. 

A vsrti'cal eross-section and a top view of. the calandria are 
shewn on figures 1 and 2 respectively : 

- The reactor core i s  discretized into 9126 (27x26~13)  cells 
defined tor fiae-ffiesh cadis. 

- The core is also' divided into 245 nodes ( 7x7~5 )  for real-tune 
s$aiulaE.&qn. 

properti@ ginfl. discontinuity factors for  the real-time (coarse- 
meall) aiftusioa emation. 

.& number of deviations due t o  a given type of parts-rbatleits (=,..a. 



gradual insertion of a control rod) are computed. These results 
are approximated by a polynomial of a second degree. 

The above Reference and Variation Softwares will be executed off- 
line to compute inputs to the real-time sofware. 

(c) R e a l - t i t t a  Model Software includes four modules : 

- Module RR computes homogeneous nuclear properties and diseonti- 
nuity factors as function of control rod positions, fuel, coolant 
and moderator temperatures, void and Xenon concentration in the 
reactor core. 

- Using the homogeneous properties calculated in RR, mociule HL 
computes coupling coefficients for the one-group diffusion 
equation. 

- This equation is then solved numerically in module RA. As a 
result, neutron fluxes at 245 nodes are obtained. For the purpose 
of calculating flux at each particular detector location, a 
further refinement is carried out in the form of flux reconstruc- 
tion (see below). Module. RA also computes the reactor decay heat. 

- Finally in module RD, fluxes located at detectors throughout 
the reactor core are calculated using a Flux Reconstruction 
Technique : The reconstructioti of local flux is performed in each 
of the coarse node by approximating the local flux <Sf to : 

where the form function F ( x , y , z )  is a tri-quadratic polynomial : 

Y ( x , y , z )  is the reference fine-mesh flux. 

The seven constants of the polynomial are cotitrained by the 
requirement that the reconstructed flux preserve the correct 
values of seven flux-related quantities : the coarse node volume- 
averaged and the six coarse node suriace-averaged fluxes. 

This flux reonstruction method permits flux calculation at any 
fine mesh, therefore at any flux detector location in the core. 

3. TEST RESULTS 

Three tests have been carried out and their results are compared 
to either the design data or the actual plant data. 

(a) Full Power St-dy State : 

At Full Power Steady State, using Flux Reconstruction method, 
flux profiles along X-, Y- and Z-axis are plotted and compared to 



~igures -4 and 4& show r~construct~d flux along an Z-axis [Id, 
JklO 1 and. the eorr-eaponding design data. 



throughout the reactor core. Even with a model of hundreds of 
nodes, these coarse nodes are still too large : a single node may 
still contain several flux detectors. Approximations are there- 
fore nesessary to refine the flux calculation. 

The Flux Reconstruction method of the Advanced Reactor Core 
model, based on physical constraint r-eguirements, has denonstra- 
-tea through the above teat results its capability to compute flux 
at a f ine-wsh level with high accuracy ana reasonable coarjuter 
resources. 
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I Figure 3 FLUX ALWG X-AXIS 
(CALCTTIATED) 

Figure 3A FLUX ALONG X-AXIS 
(DESIGN DATA) 

Figure 4 FLUX ALONG Z-AXIS 
(CALCULATED) 

Figure 4A FLUX ALONG Z-AXIS 
(DESIGN DATA) 



Figure 5 SIMULATION RESULTS 

Figure 6 PIANT DATA 



Figure 7 DETECTOR SIGNALS 

Figure 8 FLUX PROFILE ALONG X-%XIS 
( J * l 4 , K = 7 )  






