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Table 1. Life Time Incapability of Pickering
NGS-A and Bruce-A to Dec. 31, 1983%

Fickering Bruce NGS-A
Cause of incapability 4UL1J1111t1t\’[ e4a5fsﬁ 4Unriltlt,Y§3f55
o (Incapability %) (Incapability %)
On Power Fuelling 0.7 0.7
Fuel 0.1 0.0
Heat Transport Pumps 0.2 0.5
Pressure Tube 5.3 1.4
Boilers 0.3 2.0
Turbine & Generators 6.8 5.0
Ingggz;gfltauon & 0.7 L5
Heat Exchangers 1.1 0.1
Valves 0.4 0.2
Other 3.9 3.0
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2.2 Pressure Tube Failure Accident
Table. 2= A F74x 28 54 Pressure Tube Atz &

Table 2. Summary of Pressure Tube
Failure Accidents

Fig. 1. Simplified Description of a Fuel Channel®
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. 2 10€
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A g Aot AFTARNY Az doinw 198343 8
4 Pickering Unit-29] G-165} 19864 3% Bruce Unit-
298] No. 6 Pressure Tube Failure® A &3tz 2F
Roll Joint Areas] A 9] D.H.C(Delayed Hydride Crack-
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Tensile Stress)& v o A $4 145—170MPa(20, 000
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Z Pressure tubed] AA AN wAE gl E3le=
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2.3.1.1 & &4 (Hydrogen Absorption)®®

7}E2 Pressure Tube Al 2= § 241 9 uh-§, Fig.8
Algt Zo] ¥AMES doA 2 AR H4H F&
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£ 30—50%°! =

2) olgB L Holx Aol 2AdE 24 42
I (Second Phase Intermetallic Particle)e] = €4le]
ek, A 24 42EL 4029 Cathodic Reaction

Fig. 8. Corrosion Behavior and Hydrogen
Adsorption of Pressure Tube®
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Fig. 9. Hydriding of Zirconium Alloy Pressure
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2.3. 1.2 Texture/Hydride/Hydride Reorientation
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(8} TEXTURE or GRAIN ORIENTATION INFLUENCE

Atomic lattice Piane of hydride precipitation

E} O‘/ trom geain orientation
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tul tensile hoop stress during

hydride precipitation

Hydrides tend to precipitate perpendicular to applied
tensile stress and paralle! to applied compressive stress

Hydride Orientation in Zr-Alloy
Pressure Tube®

Fig. 13.
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Tensile Hoop Stress7} #8844 51 o] Stress} Habit
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Fig. 14. Basal pole Figure for Cold-Worked
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2.3.2 Creep/Growth

Zr-Hydrides} 7 Pressure Tubed xulAA4E

Tabie 3. Stress to Reorient Hydrides in Coid
Worked Zr-Alloy Pressure Tubes®

Hoop stress to produce
Radial-Axial hydride
Precipitation (MPa)

Operating stress

Zircaloy-2 80~100 95 (Pickering-1,2)
Zr-2.5%Nb 180~220 130

A% = dE svte FA4A 24 2 25, ¢F
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Fig. 16. Dimensional Changes in Pressure Tube®
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