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The CANDU Pressurized 
Heavy Water Reactor system 
- a  Pressure Tube reactor 

• 360 – 480 Fuel Channels per reactor

• 12 Fuel Bundles per Fuel Channel

• 100-200 Horizontal and Vertical In-Core 
Flux detectors per reactor

• Up to 9 Ion Chambers just outside the 
reactor core
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• FC Material irradiation - increased elastic 
modulus

• Pressure Tube diametrical creep

• Pressure Tube axial elongation

• Pressure Tube / Fuel Channel sag

• Pressure Tube hydriding (embrittlement)

• Pressure Tube-Calandria Tube spacer material 
degradation (may lead to PT-CT contact)

• Pressure Tube – Calandria Tube spacer 
mechanical failure or movement (may lead to 
PT-CT contact)

• End-Fitting support degradation 
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• Regional Overpower Protection (ROP) and 
Zone Control (ZC) ICFDs are ~ 1m (3 lattice 
pitches long); 90% – 105% prompt

• Up to 58 vertical and 42 horizontal ROP ICFDs 
per CANDU

• Up to 28 ZC ICFDs per CANDU

• Spatial control Vanadium (V) ICFDs are ~ 30 cm 
(1 lattice pitch) long; 9% prompt

• Up to 102 V ICFDs per CANDU-6

• Up to 3 ICs each for Reactor Regulating system, 
Shutdown system 1 and Shutdown system 2.
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Darlington Unit 1: 2 coherence peaks at 4.6 and 
5.6 Hz with zero phase

Darlington Unit 2: 5 coherence peaks between 4 
and 6 Hz with zero phase
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Darlington Unit 3: Merged coherence peak 
centered at 5.5 Hz with zero phase

Darlington Unit 4: Multiple coherence peaks 
between 4.5 and 6 Hz with zero phase
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Darlington Unit 1: Coherence peaks at ~5 Hz (0 phase) 
and 15 Hz (180 phase)

Darlington Unit 2: Coherence peaks at 5 Hz (0 phase); 
15 Hz (180 phase) and 22 Hz (180 phase)
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Darlington Unit 3 (2020): Coherence peaks at ~5.5 Hz 
(0 phase) ;14.5 Hz (0 phase) and 22-23 Hz (180 phase)

Darlington Unit 4 (2021): Coherence peaks at ~5.5 Hz 
(0 phase) ;14.5 Hz (0 phase) and 21-24 Hz (180 phase)
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Calandria Tube 

Pressure Tube 

Garter Springs Centre of 
Fuel Channel 
Span 

CALANDRIA TUBESHEET 
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Annulus Bellows 
OUTBOARD BEARING SLEEVE 

OUTBOARD JOURNAL RING 
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PRESSURE TUBE 
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Material Density Young’s Modulus Poisson Ratio

Type 403 SS 
End Fitting

7779 kg/m3 201 GPa  (nom.)
181 GPa  (300°C)

0.252  (nom.)
0.283  (300°C)

Zr-2.5wt.%Nb
Pressure Tube

6520 kg/m3 94.6 GPa  (nom.)
74.7 GPa  (300°C)

0.389  (nom.)
0.361  (300°C)

Zr-2
Calandria Tube

6500 kg/m3 94.8 GPa  (nom.)
90.4 GPa  (80°C)

0.378  (nom.)
0.370  (80°C)
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1 2 3 4 5 6 7
Baseline, 300°C 5.48 14.96 28.72 44.93 47.07 47.24 59.47
Baseline, 22°C 5.87 16.05 30.91 48.76 49.64 50 66.19

Baseline, 300°C

Baseline, 22°C

End Fittings Vibration

-6.6%

-6.8%

-7%

-7.8%

-10.1%

End Fittings Vibration
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1 2 3 4 5 6 7
Normal Op. 300°C 5.48 14.96 28.72 44.93 47.07 47.24 59.47
Rad'n Aging of PT & CT 5.70 15.57 29.88 46.44 47.10 47.53 61.88

Normal Op. 300°C

Rad'n Aging of PT & CT

End Fittings Vibration

+4%

+4%

+4%

+3.3%

+4%

End Fittings Vibration
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1 2 3 4 5 6 7
Normal Op. 300°C 5.48 14.96 28.72 44.93 47.07 47.24 59.47
PT Axial Elongation 5.38 14.64 27.86 42.89 43.88 44.12 57.10

Normal Op. 300°C

PT Axial Elongation

End Fittings Vibration

-3%

End Fittings Vibration

-4.5%

-6.8%

-4%

-6.6%
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1 2 3 4 5
6 m Long PT 4.95 13.57 26.38 43.15 63.69
Sagged PT by 50 mm 5.418 13.65 26.57 43.42 64.08

6 m Long PT

Sagged PT by 50 mm

+9.4% in the plane of sag
0.6% in transverse direction
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Normal Op. 300°C 5.48 14.96 28.72 44.93 47.07 47.24 59.47
1 Spacer Fail 5.46 14.7 25.89 34.19 46.39 47.08 59.75

Normal Op. 300°C

1 Spacer Fail

End Fittings Vibration

-9.8%

-23.9%

End Fittings Vibration
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1 2 3 4 5 6 7
Normal Op. 300°C 5.48 14.96 28.72 44.93 47.07 47.24 59.47
No Spacers 4.68 12.81 24.91 40.73 47.05 47.18 60.1

Normal Op. 300°C

No Spacers

End Fittings Vibration

-14.6%

-14.3%

-13.2%

-9.3%

+1%

End Fittings Vibration
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1 2 3 4 5 6 7
Normal Op. 300°C 5.48 14.96 28.72 44.93 47.07 47.24 59.47
1 Outboard Bearing 5.46 14.83 28.76 44.95 18.99 47.21 59.32

Normal Op. 300°C

1 Outboard Bearing

End Fittings Vibration

-60%
End Fittings Vibration
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1 2 3 4 5 6 7
Normal Op. 300°C 5.48 14.96 28.72 44.93 47.07 47.24 59.47
1 Inboard Bearing 5.42 14.63 26.96 34.79 45 47.2 56.97

Normal Op. 300°C

1 Inboard Bearing

End Fittings Vibration

-6.1%

End Fittings Vibration

-22.5%

-4.4%

-4.2% •
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