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ABSTRACT 

A more realistic fuel bundle power history considering the refbelling effect was used 

for the assessment of fission product releases during an end-fitting failure accident. The 

high power channels were selected as a conservatism, based on the instantaneous 

powerburnup distributions during 0 to 610 Full Power Days (FPDs) in the core, which 

was calculated fiom the he1 management study for Wolsong 21314 plants. For each fuel 

bundle, the volume-average temperature in the UO, pellet and fission product inventory 

distribution in the fuel element were calculated by ELESTRES code. 

When compared with the case using the current overpower envelope based on the 

time-average physics simulations, higher fuel temperature and more fission product 

inventory were predicted for the low power bundles located at bundle positions 1, 2, 1 1 

and 12. However, the results for high power bundles at bundle positions 4 to 9, where the 

most fission products are released following an end-fitting failure event, confirmed the 

conservatism made in the current analysis methodology since they showed a very high 

fission product inventory. 
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1 Introduction 

The CANDU fuel channels consist of the pressure tubes that are rolled into end fittings at 

each end of the channel, where large residual stresses exist due to wall thlnning and tube 

expansion process during the fabrication process. An end fitting failure in a single 

channel, which is Class 2 event in AECB consultative document C-6, would result in 

behavior similar to that of a small reactor header break with respect to the thermohydraulic 

response of the primary circuit and the containment building. This event differs from a 

small header break in that all the fuel bundles in the affected channel could be ejected into 

the fuelling machine vault, causing a heavy damage by the impact and prompt release of 

fission products to the containment atmosphere. Thus, the focus is on the behavior of the 

ejected fuel, as opposed to the primary circuit. 

In the current analysis methodology, overpower-envelope power history and 

power/burnup data from time-average physics simulation are used to calculate the fission 

product releases. Actual power histories for fuel bundles are complicated depending on 

fuelling history and reactor power level. In the methodology, the power history for each 

fuel element is not accounted for during refuelling. The reference fbelling scheme is an 

eight bundle shift in which eight new bundles are loaded into the channel. The current 

fuelling rate fiom operating station is slightly less than 2 channels per FPD. With the 

eight-bundle refuelling scheme, four of these bundles will reside in two positions in the 

channel while the other four bundles will reside in one position only. Bundles in positions 

1 to 4 will be moved to positions 9 to 12 respectively upon refuelling. These bundles are 

irradiated for 2 dwell periods at different positions in the channel. During normal 

refiielling operations, the bundles will receive a power increase or decrease depending on 

fuelling direction and bundle positions. Therefore, the shifted overpower envelope 

methodology used in the current safety analysis report cannot represent the actual power 

history and could lead to underpredicton or overprediction for fission product releases for 

an end-fitting failure. 

In this study, an analysis for the end-fitting failure accident was performed to evaluate 

effect of selecting representative high power channels during refuelling process based on 

the instantaneous power/bumup simulations. The fuel temperature and fission product 

inventory fiom ELESTRES [Reference 11 runs based on more realistic power history were 

compared with the case using the current analysis methodology. 
.* 



2. Analysis Methodology 

2.1 Selection of High-Power Channels 

For the estimation of fission product release using the current methodology. the burnups 

of the twelve bundles in the channel are assumed to be their respective burnups before the 

time the channel is about to be refueled. less than the "limiting bumup". The limiting 

burnup distribution is determined fiom the maximum bundle average bumup for each 

bundle location among the 380 channels as predicted in the time-average fuel management 

simulations. The shape of the overpower envelope is chosen for all ELESTRES runs. The 

envelope is shifted up and down to derive input for different power/bumup points. 

A more realistic approach was taken for the calculation of fission product release fiom 0 

to 61 0 FPDs with intervals of 10 FPDs. 62 sets of power/burnup data for every fuel bundle 

in the reactor power of 100 percent were obtained from the instantaneous simulation for 

Wolsong 21314 fuel management study. At each FPD, a particular fuel channel was 

selected to include the maximum bundle powers; for example, maximum bundle power of 

678 kW at 100 FPDs and 875 kW at 320 FPDs. At each FPD, the channels corresponding 

to the maximum sum of bundle power at bundle positions from 5 to 8 were selected, which 

are four times 666.6 kW at 100 FPDs to four times 843.4 kW at 320 FPDs. This is because 

the fission product releases occur mainly among Bundle Position (BP) 5 to 8, especially 

fiom their outer elements. At each FPD, the maximum channel powers were selected; 6.6 

MW at 100 FPDs and 7.1 MW at 20 FPDs. 

Analyzing the results fiom the instantaneous physics simulations results in bundle power 

and bumup data from 62 x 3 high power channels. 8 % of power uncertainty accounted for 

refuelling process was already included. Here, additional 3% of power increase was 

included in the selected channels to consider the uncertainty in the power measurement 

(1 03% full power). 

2.2 Derivation of Limiting Power Envelope 

For each bundle position, limiting power history based on more realistic physics 

simulations was obtained using the bundle powerhumup distribution for the channels 

selected in Section 2.1. As a conservatism, a bounding approach was used, which selects - the highest power for a given burnup, even though it is based on the realistic power/bumup 

data. 



It is expected that the fuel bundles located at bundle positions 9, 10, 1 1, and 12 change 

their positions during refuelling and burn up at two locations. The fuel bundles located at 

bundle positions 11 and 12 decreased their power as they change their positions in the core 

while the fuel bundles located at bundle positions 9, 10 increased power. Thus, the 

calculation overpredicts the amount of fission product release for fuel bundles located at 

bundle positions 9 and 10, however, it tends to underpredict for the fuel bundles located at 

bundle positions 11 and 12 if the shape of overpower envelope is used for the calculation 

of fission product inventory. 

2.3 Fission Product Inventory Distribution & Fuel Temperature Calculations 

To calculate the amount of fission product release during an end-fitting failure accident, 

pellet temperature and fission product inventory distribution at gap, grain boundary and 

grain bound inventories were calculated by ELESTRES code (ELESTRES-ml 1 c-w) 

[Reference 11 code for the fuel elements located at twelve fuel bundles in the limiting 

channel. 

The input data used in the calculation are the h e 1  element specification and material 

properties of CANDU 6 standard 37-element he1 bundle and the thermohydraulic 

conditions from the CATHENA analysis for Wolsong 2/3/4 were used. The power history 

of each fuel element obtained from the above was used and it calculated at each history 

point. For a fuel element, the fission product inventory and pellet temperature data 

calculated at each history point were surveyed to obtain maximum fission product 

inventory and volume-average pellet temperature. 

3. Analysis Results 

Figure 1 shows core status of the channels during 0 to 610 FPDs, selected as high- power 

channels to calculate the amount of fission product release conservatively. It was found 

out that the channels located close to, but a little outward the center of the core. 

Figure 2 shows the bundle powerhumup data for the high power channel located at 

bundle position 6. To obtain the limiting power history for the bundle position, a 

,- procedure of selecting the highest power at each burnup was performed. The resulting 

power history of the fuel bundle at each bundle position is shown in Figure 3. Overall 



power history distribution shows a symmetrical shape and the power increase close to the 

center of channel, in other words, at bundle positions 6 and 7. The highest discharge 

burnup was occurred at bundle positions 3 and 10, which produce the medium power level. 

It was observed that the maximum discharge bundle burnup reached about 5 100 MWh. As 

expected, the fuel bundles located at bundle positions 11 and 12 decreased power during 

refuelling in the core. In case of fuel bundle located at bundle position 12, the bundle was 

burned at high power about 700 MWh, then decreased suddenly to 200 kW at 3000 MWh. 

Thus, using existing shape of overpower envelope as a power history, it is expected that 

the calculation may underpredict fission product inventory at these positions significantly. 

As listed in Table 1, the maximum volume-average temperatures among the limiting 

power history points were predicted from the ELESTRES runs for each bundle and 

element ring. It was observed that the fuel bundle temperatures at bundle positions 1,2,  11 

and 12 were higher than those from Wolsong 2/3/4 design, calculated using the overpower 

envelope. Thus, the fuel elements ejected to the containment get oxidized faster at these 

fuel bundle locations and it is expected that the release fraction for the fission products gets 

larger. Furthermore, in case of the high power bundles, if more realistic power history is 

used, the pellet temperature is predicted lower. 

As shown in Figure 4, the fission product (iodine- 13 1) distribution in the pellet shows 

similar trend to the fuel temperature. In case of high power bundle (bundle positions from 

4 to 9), if existing overpower envelope is used, the iodine- 13 1 inventory gets higher while 

in the case of low power bundle located at bundle positions 1, 2, 1 1, and 12, more realistic 

power history is used, it gets higher iodine- 13 1 inventory. The final iodine- 13 1 calculated 

by both methods were 7977 and 7709 TBqs, respectively, which tells that the inventory 

gets higher if more realistic power history is used. The differences in the fuel temperature 

and fission product inventory are due to power rebelling effect, i-e. the change in the 

bundle power, and longer burnup if more realistic power history is used. Existing 

methodology predicted conservative fuel temperature and fission product inventory only 

for the high-power bundles. 

The amount of fission product release after the end-fitting failure accident is calculated by 

the REDOU code [Reference 21 using the predicted temperatures and fission product 

inventory distributions. The REDOU code simulates the temperature transient of the fuel 

fragments as well as the fission product releases due to oxidation. The effect of high 

temperature at bundle positions 1, 2, 11, and 12 is expected small when using a more 
,P realistic power history since the REDOU code calculates oxidation conservatively at the 

condition of lower temperatures. The fission product release fractions due to oxidization at 



those locations are predicted to be 0.04. Also, because most of release occurs at high- 

power bundle region, where fuel temperature or release fraction is high, the difference in 

the fission product inventory from the low-power bundle does not affect the final fission 

product release amount. Therefore; the power history using the overpower envelope 

predicts conservatively in terms of final release amount because it shows higher fission 

product inventory and release fraction for high-power bundles. 

4. Conclusions 

A more realistic power history considering the refuelling effect from instantaneous 

physics simulations for Wolsong 2/3/4 core was applied by selecting high-power channel 

as a conservatism to calculate fission product release after an end-fitting failure took place. 

The higher fuel temperature and more fission product inventory were predicted for 

low-power bundles (bundle positions 1, 2, 11 and 12) than the case using the current 

overpower envelope based on the time-average physics simulations. However, the case of 

high-power bundles, where most fission product releases are occurring, confirmed the 

conservatism in the current methodology by showing a very high fission product inventory 

release. 
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Figure 1 : High Power Channels within the Core from 0 to 610 FPDs 
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Figure 2 : Bounding Power History for BP6 
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Figure 3 : Bounding Power History for Each BP 
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