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1. Introduction 
 

A CANDU type nuclear reactor is composed of a 
calandria vessel, fuel channels and vertical or horizontal 
tubes. Pressure tubes and calandria tubes are parts of 
fuel channels, which are pressure boundaries of primary 
heat transport system and moderator system, 
respectively. Because the fuel channel is located 
horizontally, the pressure tubes and calandria tubes are 
sagged by vertical dead weight loads and irradiation 
creep deformations during operation. 

Due to the sagging of fuel channel, the calandria tube 
can be contacted with reactor internal horizontal tubes 
as shown in Fig. 1. Because this contact was not 
considered in the design stage, it is not allowed during 
reactor operation.[1] In this study, calandria tube 
sagging predictions are conducted using material 
irradiation creep equations and mechanical model of 
fuel channel of CANDU reactor, considering in-service 
inspection results of pressure tube sagging. 

 
2. Numerical Model Summary 

 
The basic calculation frame of this analysis is same 

as that of early research results about fuel channel sag 
deformation[2,3,4], as follows. 
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Fig. 1 CANDU fuel channel sagging deformation 

 
Where Y , M , C , x , t , E  and I  are vertical 

displacement, section moment, irradiation creep 
coefficient, axial position, operation time, elastic 
modulus and moment of inertia, respectively. Subscript 
“p” and “c” means pressure tube and calandria tube, 
respectively.  The irradiation creep coefficients are 
defined as follows, in which following creep 
coefficients were used according to previous research 
results[3,4]. 
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Where 

b  is creep bending strain rate, 
b  is bending 

stress, t  is time [hour],   is fast neutron fluence 

(>1MeV) [n/m2/sec] and T  is temperature [K]. 
In this calculation, nonlinear behaviors of gap 

between pressure tube and calandria tube were 
considered. Additionally, creep coefficients were 
adjusted to minimize the prediction difference from the 
measured results of pressure tube sag inspection. 

 
3. Results and Conclusions 

 
By solving the equations iteratively, Sagging 

predictions were evaluated for all related channels of a 
Wolsong CANDU unit. Fig. 2 shows an example of 
sagging prediction results. The prediction results of 
pressure tube sagging are shown to agree well with the 
measurement results. 
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This calculation method using mechanistic solutions 
and measurement results can increase the reliability of 
sagging prediction and help construct detail plan for 
aging management of CANDU fuel channels.  
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Fig. 2. An example of sagging prediction results  
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