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Typical Failure Trend for a New Technolc
Ref. K.O. Ott and J.F. Marchaterre (19

Unidentified failure
modes (UFM)

Failures per Year

T Time
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Production
56.5 Neutrons from U238 fast fission
491.9 Neutrons from U235 thermal fission
438.4 Neutrons from Pu239 thermal fission
13.2 Neutrons from Pu241 thermal fission

Fast Neutron Leakage * Fast Neutron Absorption
6.0 Neutrons 31.7 Neutrons
Slowing Down H Resonance absorption in U238

89.4 Neutrons

Thermal leakage N Thermal absorption
23.0 Neutrons e 11 849.9 Neutrons

A

Thermal absorptionin Thermal absorption in fuel
non-fuel core components
14.4 Neutrons in moderator 242.3 Neutons in U235
0.3 Neutrons in coolant 238.2 Neutrons in U238
19.0 Neutrons in P T 228.1 Neutrons in Pu239
8.5 Neutronsin C T 15.6 Neutrons in Pu240
6.2 Neutrons in sheath 6.2 Neutrons in Pu241
15.0 Neutrons in adjustors, zone controller, 0.1 Neutrons in Pu242
parasitic absorption 0.6 Neutrons in Np
Total = 63.4 Neutrons 7.7 Neutrons in Sm

25.2 Neutrons in Xe

2.6 Neutrons in Rh
19.9 Neutrons in PFP
Total =786.5 Neutrons.

Notes
Fast group denotes 10 MeV > E > 100 keV
Resonance groupsd denotes 100 keV > E > 10 eV

Thermal group denotes sum of |

Table 3-1 - How Neutrons are Born and Die in CANDU
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Figure 3-l1a  Relationship between Reactor Periodihaaded Reactivity for Various
Neutron Lifetimes
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Chronology of SL-1 Accident

Time

Event

-500 msec

Central control rod withdrawal starts

-120 msec

Reactor goes cntical with rod at 16.7 in. (40.6 gn

Central rod at 20 in. (50.8 cm), period = 3.9 +0.Bsec, (2.4 +
0.3)% k

Peak of power burst. (1.9 £ 0.4) x 20AWV.

Portion of plates reach vaporization temperature, @60C
(3740F); 5% of centre 16 elements

~2 msec

Prompt nuclear energy release ends; total nucleanergy of
excursion = (133+10) MW sec [+(24 £10) MW sec in taéwater
reaction]

20% of plate area destroyed; centre 16 elements 50felted;
central shroud and control blade ejected from core.

Water column above core accelerated by average psse (500
psi or 35 atm) to velocity 160 ft/sec (49 m/sec).

34 msec

Water slams against lid of vessel.. Maximum pressair 10,000
psi (~700 atm).
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Chronology of SL-1 Accident

Time Event
Head shielding ejected. Plugs egcted with velocitf 85 ft/sec
(26 m/sec) or less. Vessel nises, shearing conmgcpipes. Guide
tubes collapse. Nozzles and vessel expand.
160 msec. First plug hits ceiling.

Two-thirds of water expelled. 5-10% fission product expelled.

Vessel hits ceiling. Total kinetic energy invohvee1% of total
energy released.

Insulation ripped from vessel.

2000 - 4000 msec

Vessel comes to rest in support cylinder.
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The reactor had been shut down for a considerablehgth of time and
was quite cold. An experiment was being conductad which one
unirradiated uranium rod was being compared with highly irradiated
1. | rods with regard to reactivity. So as to reduce tb unknowns, the
unirradiated rod was air-cooled at the time. To bing the heavy water
up to nearly operating level, six shut-off rods wex down. At 260 cm of
heavy water the pile was about 1 cm below critical.

It was desired to bring the heavy water up to 277m to compare with
previous experiments. Therefore it was decided tdrop in a seventh
2 | rod. To do this the solenoid on the headgear wabated. The rod
dropped in but at the same time a fuse was blown drthe pile tripped
allowing all the remaining shut-off rods (5) to drg in.
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The first step in going from a trip free conditionto seven rods in the reactor and five out
was to put all circuits and valves back to the norm@l operating condition. The electrician
3. | re-established the electrical circuits. To re-estdish the valves certain ones in the
basement had to be opened. Instructions were phothérom the control desk to an
operator in the basement to open these valves.

The operator in the basement was either given thenang instructions or misinterpreted
6 | the instructions because he opened the wrong valve$his action caused three to four
rods to be raised.

The supervisor in charge saw from the lights on theontrol console that these rods had
5 | been raised and went down to the basement to corriethe situation himself. He left the
pile physicist in charge of the controls.

On arriving in the basement he closed the valves eped by the operator and opened the
4 | proper valves to re-establish normal operating contions. What he did not realize was
the rods raised by the operator’s error did not dr@ back into the reactor.
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Believing that the pile was now in normal operatingcondition he instructed the pile
physicist by telephone to raise the first bank ofa@ds. In doing this he made an error in
the numbers of the push buttons to be pressed.

The pile physicist who was not thoroughly trainedn the operation of the reactor,
pressed the buttons named. As a result he raisele first bank of rods but at the same
time released the accelerating air from the headges At this stage the pile was above
critical and the power started to rise. If all therods in the pile had been properly water
cooled, no accident would have occurred. Howevedhere were a number that had
reduced water flow. When the power reached the lel sufficient to boil the water out of
these rods, the reactivity went out of control andhe accident occurred.

When the pile physicist realized the pile was critial he pressed the trip switch which
should have released the rods that had been raisetiowever, with no accelerating air
the rods did not clear the headgears and remainedou The physicist then contacted the
supervisor in the basement who shut off the coolingir in an effort to bring the rods
down.
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When this did not work the heavy water was dumpedObviously the
dump button was not pressed as soon as it shouldvebeen. After a
short period in a super-critical condition the read¢or shut down, whether
due to rods falling into the reactor or the dumpingof heavy water is not
clear.
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“Free fall tests” of the safety rods had never beepracticed in the reactor.
If this had been done it would have been found thahe percentage of rod
failures due to sticking was high. The clearancenithese rods is so small
that a bit of dust could cause them to hang up. &b there was some
residual magnetism in the headgears that aided th®ds in staying up.
The reactor had always been operated under the agssyption that the rods
would fall in without the assistance of the accelating air. This was never
thoroughly tested and, in fact, was not true. (Eror in judgment and
design.)

The lights indicating the rods in the down positiorhad not been
functioning properly. As a result they were generly ignored. An error
In design and judgment. It is interesting to notéhat these lights were
being altered as time permitted with the intent tha when alterations were
complete the operation of the lights would be a ragrement for reactor
operation.
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