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Logic # Event

PHASE A - INITIATING SEQUENCE
(A Mishap Within the Normal Range of Viable Operation)
(First Minute)

START 1  Wrong detailed design of polisher resin transfstesy leading to resin
blockage in transfer line.

AND 2  Wrong action by operators in connecting servideungntation air system
to higher pressure water system in trying to clesin blockage.

RESULT 3  Water in air system caused sudden loss of norevager supply. Turbine
tripped. Pilot operated relief valve (PORV) opeoaectly ..

AND 4 PORV stuck in open position
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PHASE B - SEQUENCE LEADING INTO MAIN ACCIDENT

Event

(A Very Important Safety Related Event)
(First 50 Mins. After Start)

AND

AND

AND

RESULT
AND

AND

RESULT

10

11

PORV position lights in control room worked frorgrsl and not from
valve plug.

Previous occasion when 4 had occurred at this saitv@ Ml 2) (although
for different reasons) had not come to these apsraktention

Operators forgot or did not know about 5 and fada@cognize
significance of sustained high PORV discharge é¢esityire

The operators did not realize that POR\ was stuck open.

Design engineers and regulatory agency were asglgssincerned about
avoiding solid (i.e. al liquid) system operation.

Operating manuals placed undue emphasis on ave@litigystem arising
from 9.

The operators concentrated on establishing a vapaoe in the pressuriz
by cutting back emergency injection and maximigtapwn flow despite
the fact that the primary coolant was boiling away.

er




Logic #

(Failure to Take the Last Clear Chance to Avoid theéAccident)

Event
PHASE C - THE MAIN ACCIDENT

(From 50 Mins. To 2 Hours after Start)

AND 12
AND 13
AND 14
RESULT 15

The operating manuals and the operators’ trainthgad deal with the case
of a loss of coolant accident resulting from a ldeak at the top of the
pressurizer, which is what this was. The operatamisho guidance or
instructions for this contingency.

During a period of more than an hour, 2 senioratpes, 2 control room
operators and the Superintendent of Technical SLgip@ailed to
recognize from basic principles that the primaglara was boiling away,
desptte clear instrument indications of high prynamolant temperature,
low primary coolant pressure, low primary pump fibigh primary pump
vibration, and reactivity disturbances.

There had been a failure to communicate to thextmperor to incorporate
in Operating manuals or training the lessons lebat two previous events
(Beznau and Davis-Besse) which had given warningpofy of the
problems here encountered.

Two hours after the start, much of the primaryamidiad boiled away and
serious fuel damage started. Despite partial recbyghe operators and
other management and engineers who arrived laetdaimage continued
and adequate cooling was not permanently restotiédearly 16 hours
after the start.
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#

(A Waming Event for the Future) (during 15 Hours after Start)

Event
PHASE D - LATER STAGES

RESULT

16

17

18

19

Primary coolant iquid and vapour, hydrogen arsidisproduct gas and
vapour escaped through the open PORYV to the reactiant (RC) drain
tank and then into the containment building.

Containment system was wrongly designed for seaddslin primary
system. Operators could not isolate (i.e. clogel@fcontainment building
without loss of primary coolant pump seal cooliagduise of the inflexible
design of the isolation system. Automatic isolaii@s even less helpful an
was in fact overridden by the operators.

Gases and vapour were pumped from the RC drairintartke waste gas
header which had leaks and pressure relief devsgethat gases and
vapour escaped to the atmosphere.

Much of the noble gas fission products and a stmaunt of radioactive
jodine escaped to the atmosphere and caused hattiatlon exposure of
the public. Much of the radioactive iodine wasietbin water in the
auxiliary building and the containment build Hydrogen, formed from
overheated fuel sheaths in contact with steamefumrthe reactor
building.

d
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Maintenance crew Although this error had occurred on two previqus
Introduces water into the occasions, the operating company had not taken
Instrument air system. the steps to prevent its recurrence.

(Management failure)
Turbine tripped. F/W The two block valves had been erroneously left in
pumps shut down. the closed position during maintenance, probgbly

Emergency F/W Pumpg carried out on two days prior to the accident
come on automatically,| sequence. On of the warning lights showing that
but flow blocked by two| Vvalves were closed was obscured by a
closed valves. maintenance tag.

(Maintenance failures)
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Rapid rise in core
temperature and pressu
causing the reactor to
trip. Relief valve
(PORV) opens
automatically, but then
sticks in the open
position. The scene is
now set for a loss of
coolant accident (LOCA]
13 seconds into the

During an incident at the Davis-Besse plant
rédanother Babcock & Wilcox PWR) in
September 1977, the PORYV also stuck oper.
The incident was investigated by Babcock &
Wilcox and the US Nuclear Regulatory
Commission. However, these analyses werg¢
not collated, and the information obtained
regarding appropriate operator action was nt
communicated to the industry at large.

(Regulatory failure)

emergency.
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Operators fail to recognize that thel. Operators were misled by control panel

relief valve is stuck open. Primary
cooling system now has a hole in
through which radioactive water,

Indications. Following an incident 1 year

itearlier, an indicator light had been installed.

But this merely showed whether or not the

under high pressure, pours into tf\]ﬁ/alve had been commanded shut: it did no

containment area, and thence do
Into basement.

directly reveal valve status.
(Design and management failures)

2. Operators wrongly assumed that high
temperature at the PORYV drain pipe was d
to a chronically leaking valve. The pipe
temperature normally registered high.

L g pf

ue

(Management / procedural failure)
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Operators failed to
diagnose stuck — open
PORYV for more than 2
hours. The resulting
water loss caused
significant damage to the
reactor.

1. The control panel was poorly designed with heddrof
alarms that were not organized in logical fashidfany key
indicators were sited on the back wall of the colmoom.
More than 100 alarms were activated with no me&ns o
suppressing unimportant ones. Several instrunvesrs off —
 scale, and the computer printer ran more than 2sioehind
events.

(Design and management failures)

2. Operator training, consisting largely of lecsiaad work in
the reactor simulator, provided an inadequate asisoping
with real emergencies. Little feedback given t® skudents,
and training program was insufficiently evaluated.

(Training and management failures)
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The crew cut back the highl. Training emphasized the dangers of flooding the
pressure injection (HPI) of| core. But this took no account of the possibiiifya
the water into the reactor | concurrent LOCA.

coolant system, thus (Training and management failures)

reducing the net flow rate | 5 £y 15ing the 1977 Davis-Besse incident, the
from around 1000 Nuclear Regulatory Commission issued a publicat{on
gallons/minto about 25 | 44t made no mention of the fact that these opesratp
gallons/min. This had interrupted the HPI. The incident appearectupd

throttling’ caused Serious | 1o heading of “valve malfunction” not “operator
core damage. error”

(Regulatory failure)
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— (24) Auto control rod

— (139) Manual rods

— (24) Emergency rods

(24) Shortened absorbing rods

(12) Local auto control (LAC)
-- 12 control zones

(12) Average power control
-- 3 banks of 4 rods each

(24) Emergency control
-- uniformly selected

(24) Local emergency protection
-- 2 rods per zone

(115) Manual control
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Time Net Reactivity (%)
01:23:30 0.00
01:23:31 0.08
01:23:40 0.15
01:23:41 0.30
01:23:42 0.50
01.23:43 0.80
01:23:43.4 1.00
01:23:44 0.30
01:23:44.7 -0.15
01:24:44.9 1.40
01:24:45.3 1.00
01:24:45.5 0.00
01:24:46.9 -1.00
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Core inventory on 26 April 1986

Total release during the accident

Nuclide Half-life Activity (PBQ) Percent of inventory Activity (PBQ)
33Xe 53d 6 500 100 6500
1311 8.0d 3 200 50 - 60 ~1760

134Cs 20y 180 20 - 40 ~54
137Cs 30.0y 280 20 - 40 ~85
132Te 78.0 h 2 700 25 - 60 ~1150
89Sr 52.0d 2 300 4-6 ~115
90Sr 28.0y 200 4-6 ~10
140Ba 12.8d 4 800 4-6 ~240
95Zr 1.4h 5 600 3.5 196
99Mo 67.0 h 4 800 >3.5 >168
103Ru 39.6d 4 800 >3.5 >168
106Ru 10y 2 100 >3.5 >73
141Ce 33.0d 5 600 3.5 196
144Ce 285.0d 3300 3.5 ~116
239Np 2.4d 27 000 3.5 ~95
238Pu 86.0y 1 3.5 0.035
239Pu 24 400.0 y 0.85 3.5 0.03
240Pu 6 580.0y 1.2 3.5 0.042
241Pu 13.2y 170 3.5 ~6
242Cm 163.0d 26 3.5 ~0.9
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