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1. Introduction 
 
For a better NPP operation fuel behavior in accidental conditions (LOCA) is of great interest. 
Irradiation tests in ACPR can give interesting data on the CANDU fuel behavior in such kind of 
accidents. These data can be used for simulation, calibration and validation of fuel computer 
codes. 
The tests were accomplished in the TRIGA Annular Core Pulse Reactor (ACPR). 
Reactivity insertion accidents are not specifically for the CANDU reactors but this type of test 
can contribute to the better study of CANDU type fuel behavior during various conditions. 
 

2. Irradiation device description 
The test program was accomplished with a test capsule specially designed for this type of test. 
The main components of this capsule are (Figure 1): 

- test section; 
- fasten system with lead ballast 
- handling tool 
- data acquisition system 

The test section is of stainless steel with outside diameter of 120 mm to fit in the ACPR central 
tube. The thickness is 12 mm for a designed pressure of 120Mpa. Total volume is 7.5 l, from 
which 7.11 is filled with demineralized water at the atmospheric pressure and environmental 
temperature. The total length of test section is 990 mm including the test section plug. The test 
section plug is provided with two passes to allow venting and instrumentation. 
The fuel support system is designed to support the fuel to retain de fuel fragments and to fasten 
the instrumentation. The instrumentation involves: 

- T/C to measure clad temperature and surrounding coolant; 
- Pressure transducers to measure fuel pressure and coolant pressure; 
- Colectron to measure the energy released during the pulse. 

The test section is provided with a special fasten system to the lead ballast at the inferior part. 
The handling tool is of 10 m length and is provide with a special system to quick fasten/release 
of test section in the ACPR central tube. 
 

2.1 Capsule main parameters   
 
2.1.1 Initial conditions 

 
- pressure atmospheric 1 MPa 



- coolant temperature environmental 20 deg C 
 

2.1.2 Test conditions 
 

- Maximum coolant pressure 100 Mpa 
- Maximum coolant temperature 300 deg C 
- Maximum fuel temperature 2800 deg C 
- Maximum outside pellet temperature 1700 deg C 
- Maximum clad temperature 1200 deg C 

 

3. Tests objective 
 
These tests aims to study the behavior of the fuel during short deposition of energy, monitoring 
fuel and coolant parameters. This condition that simulate accident conditions can characterize 
fuel in abnormal situations. The main test objectives are: 

- Thermal mechanical behavior of CANDU type fuel during a RIA type accident 
analysis; 

- Clad-fuel mechanical interaction; 
- Failure threshold and the failure mechanism during RIA;  
- Experimental database to calibrate and validate fuel behavior computer codes 

required by the Cernavoda NPP Final Safety Report. 
 
In order to accomplish these objectives it will monitor, data acquisition, and process the 
following parameters: 

- Clad temperature during the pulse and 10 seconds after (2 T/C welded on the clad) 
- Fuel gap pressure during the pulse and 10 seconds after (fast response pressure 

transducer) 
- Fluid film temperature in the clad vicinity during the pulse and 10 seconds after (one 

T/C in the fluid film) 
- Lump fluid temperature during the pulse and 10 seconds after (one T/C in the 

coolant) 
 

4. Test Fuel  
 
The test fuel was CANDU type and has the following characteristics: 

- Reduced pellet column; 
- U235 10% enriched pellets to reach desired specific energy deposition; 
- Reduced length to keep a uniform axial flux distribution; 
- End plugs special designed to fit in the fuel support 

Main fuel characteristics: 
- material     UO2 10% enriched U235   
- total fuel length    183.3 mm 
- pellets column length  130+0.2 mm  
- clad material    Zircaloy 4 

 

5. Results 
 
A total number of 30 fuel elements were irradiated in a total number of 41 pulses. 



The first 3 fuel elements had 6% enrichment U235. The energy deposition was insufficient to 
reach the clad failure threshold. So, the enrichment was increased at 19% U235. This enrichment 
proved satisfactory. 
The tests were in environmental conditions, atmospheric pressure and ambient temperature. 
All the fuel probes were fresh fuel with no pre-irradiation. 
The testes objective was the clad failure threshold. There were tests with pressurized helium 
filling gas to simulate fission gas gap accumulation and the effects on the failure threshold. 
 
5.1 Temperatures 
 
The thermocouples used for temperature measurement were Cr-Al type 0.5 outside diameter. 
These T/C’s measures clad temperature and coolant temperature. The T/C’s for clad temperature 
measurements were de-isolated at the hot head.  
The clad T/C’s proved slower compared with the de-isolated T/C’s and they did not follow the 
temperature rise. They showed 600 deg C maximum temperature compared with 1000 deg C 
shown by de-isolated T/C’s. 
 
5.2 Pressure 
 
Special fast response transducers measured fuel and coolant pressure. For fuel internal pressure 
the upper part of the fuel probe was connected with the transducer via a connecting tube. 
There is a direct connection between the internal pressure increase and clad failure. The test 
results are presented in the Table 1. 
 

Table 1 
Results of the CANDU type fuel tests in ACPR 

 
Fuel 

Number 
ACPR 

Maximum 
Pulse Power 

(MW) 

Initial fuel 
internal 
pressure 
(MPa) 

Maximum 
fuel internal 

pressure 
during the 

test 
(MPa) 

Maximum 
fuel clad 

Temperature 
(deg C) 

Final fuel 
state 

59 5850 1 2.37 375 - 
60 7000 1.56 4.0 670 failed 
61 6700 1.5 3.63 520 - 
91 2270 1.5 3.34 680 - 
92 4720 1.5 4.33 1000 failed 
93 2830 2.2 4.22 400 - 
94 2400 1.82 3.23 565 - 

A10 2700 2.14 5.0 800 failed 
A11 2050 22.0 39.55 - failed 
A12 2130 10.9 17.8 650 failed 
A13 1830 12.23 18.2 625 failed 
A15 1830 6.0 6.4 890 - 
A16 2970 6.0 6.7 880 - 
A17 2520 17.5 22.6 580 failed 
A35 3000 1.95 2.5 890 - 
A36 5100 2.2 - - failed 
A37 1000 2.13 2.61 115 failed 
A38 3000 3.06 4.7 1010 failed 
A39 2300 15.0 - 755 failed 
A40 2000 14.38 17.9 725 failed 



A55 3000 2.1 - - failed 
A56 2550 2.75 4.91 - - 
A57 2760 3.15 4.5 247 - 
A58 3000 2.64 4.23 - - 
A551 3800 2.4 4.065 165 - 
A571 3000 1.87 2.75 175 - 

B4 6800 1.0 11.5 1400 failed 
B6 - - - - failed 
B10 4450 1.0 3.1 1300  

 3400 3.1 4.0 170  
 5000 4.0 8.0 700  
 5500 8.0 15.0 790 failed 

 
 

6. Conclusions 
 
The tests were accomplished in the ambient pressure and temperature with fresh fuel probes. 
RIA is not specific for CANDU type reactors but these tests gave similar effects on the clad-fuel, 
and clad-coolant interactions that happened to LOCA accidents. These tests will continue with 
instrumentation improvements that will give a better statistics and information of the accident 
conditions fuel behavior. 
 
 
 
 
 
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 1 

 


