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LSA (Level station assembly)LSA (Level station assembly)
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Fault Tree Analysis (FTA)Fault Tree Analysis (FTA)
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GATE 0.1

No SCRAM demand when 
water level at or below -200 
cm

GATE 0.1.1

No Automatic SCRAM demand

GATE 0.1.2

No Manual SCRAM demand

GATE 0.1.1.1

No SCRAM demand from float 
 2
(-100cm, small pool)

GATE 0.1.1.2

No SCRAM demand from float 
 3
(-200 cm, small pool)

GATE 0.1.1.3

No SCRAM demand from float 
 6
(-200 cm, large pool)

GATE 0.1.2.1

Operator doesn't initiate 
SCRAM

2MAN. SCRM FAIL.

Manual SCRAM initiating 
malfunction

GATE 0.1.2.1.1

No SCRAM due to visual view 
of pool's low water level

GATE 0.1.2.1.2

No SCRAM due to continuous 
water level gauge (Foxboro)

GATE 0.1.2.1.3

No SCRAM due to float 2 
(-100 cm, small pool) red 
warning light

GATE 0.1.2.1.4

No SCRAM due to float 1 (-15 
cm, small pool) red warning 
light

Top EventTop Event

Auto.Auto.
SCRAMSCRAM

ManualManual
SCRAMSCRAM

2 3 4

5 6 7 8

•• N.S.d from N.S.d from --100 cm (s.p)100 cm (s.p)
•• N.S.dN.S.d from from --200 cm (s.p)200 cm (s.p)
•• N.S.dN.S.d from from --200 cm (l.p)200 cm (l.p)

•• N.S.dN.S.d –– Direct ViewDirect View
•• N.S.d N.S.d –– Continuous level meas. Continuous level meas. 
•• N.S.d N.S.d –– Light bulb Light bulb --100 cm (s.p)100 cm (s.p)
•• N.S.d N.S.d –– Light bulb Light bulb --15 cm (s.p)15 cm (s.p)

Tree Top StructureTree Top Structure

Legend:Legend:
N.S.d = No SCRAM demandN.S.d = No SCRAM demand
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N.S.d from N.S.d from --100 cm (s.p)100 cm (s.p)

GATE 0.1.1.1

No SCRAM demand from float 
 2

(-100cm, small pool)
TREE 1

GATE 0.1.1.1.1

No signal

3 SCRM K14  CLOSED

SCRAM system K14 relay 
stays close

GATE 0.1.1.1.1.1

Signal transmitting malfunction

GATE 0.1.1.1.1.2

Physical malfunction

5FLT 2 DMG. ISOLTN

Damaged wire isolation 
causes short circuit

6FLT 2 SHRT CRCUIT

Short circuit in the connectors 
cabinet

7BKGRD MAG. FIELD

High background magnetic 
field

8FLT 2 INNR CNT ADH

Inner contacts adhered

9SPFR+FLTS TOGTHR

Small Pool's First Rod and its 
floats floating together without 
relative motion

10FLT 2  UPEER POS.

Float stucked in upper 
position

27FLT 2 BPASS KEY ON

Float 2 Bypass key in 
"bypass" position

2
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N.S.dN.S.d from from --200 cm (s.p)200 cm (s.p)

GATE 0.1.1.2

No SCRAM demand from float 
 3
(-200 cm, small pool)

TREE 1

4CONFMNT CLOSE SGNL

Closing Confinement doesn't 
give SCRAM signal

GATE 0.1.1.2.1

No signal from float 3

GATE 0.1.1.2.1.1

Signal transmitting malfunction

GATE 0.1.1.2.1.2

Physical malfunction

11FLT 3 DMG. ISOLTN

Damaged wire isolation 
causes short circuit

12FLT 3 SHRT CRCUIT

Short circuit in the connectors 
cabinet

7BKGRD MAG. FIELD

High background magnetic 
field

13FLT 3 INNR CNT ADH

Inner contacts adhered

14SPSR+FLTS TOGTHR

Small Pool's Second Rod and 
its floats floating together 
without relative motion

15FLT 3 UPPER POS.

Float stucked in upper 
position

3
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N.S.dN.S.d from from --200 cm (l.p)200 cm (l.p)

GATE 0.1.1.3

No SCRAM demand from float 
 6
(-200 cm, large pool)

TREE 1

4CONFMNT CLOSE SGNL

Closing Confinement doesn't 
give SCRAM signal

GATE 0.1.1.3.1

No signal from float 6

GATE 0.1.1.3.1.1

Signal transmitting malfunction

GATE 0.1.1.3.1.2

Physical malfunction

16FLT 6 DMG. ISOLTN

Damaged wire isolation 
causes short circuit

17FLT 6 SHRT CRCUIT

Short circuit in the connectors 
cabinet

7BKGRD MAG. FIELD

High background magnetic 
field

18FLT 6 INNR CNT ADH

Inner contacts adhered

19LPR+FLTS TOGTHR

Large Pool's Rod and its 
floats floating together without 
relative motion

20 FLT 6 UPPER POS.

Float stucked in upper 
position

4
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N.S.dN.S.d –– Direct ViewDirect View

GATE 0.1.2.1.1

No SCRAM due to visual view 
of pool's low water level

TREE 1

21 HUMAN ERROR

Human error

22 POOL VISUAL IND.

No visual indication to the 
pool's low water level

5
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N.S.d N.S.d –– Continuous level meas. Continuous level meas. 

GATE 0.1.2.1.2

No SCRAM due to continuous 
water level gauge (Foxboro)

TREE 1

GATE 0.1.2.1.2.1

 Indication failure

GATE 0.1.2.1.2.2

Gauge's needle shows level 
above -40 cm

23 FOXB. ERG. FAIL

Gauge ergonomic failure

21 HUMAN ERROR

Human error

24 FOXB. PWR.SP. MAL

Gauge power supply 
malfunction

25 FOXB. MECH. MALF

Gauge mechanical 
malfunction

6
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N.S.d N.S.d –– Light bulb Light bulb --100 cm (s.p)100 cm (s.p)

9

GATE 0.1.2.1.3

No SCRAM due to float 2 
(-100 cm, small pool) red 
warning light

TREE 1

GATE 0.1.2.1.3.1

Indication failure

GATE 0.1.2.1.3.2

Red warning light off

21 HUMAN ERROR

Human error

26FLT 2 REDLGHT ERG

Warning light ergonomic 
failure

28FLT 2 PWR SP. MALF

Warning light power supply 
malfunction

29FLT 2 REDLGHT CONT

Warning light contacts 
malfunction

30FLT 2 REDLGHT BURN

Warning light burned bulb

GATE 0.1.2.1.3.2.1

No signal from float 2

7
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N.S.d N.S.d –– Light bulb Light bulb --15 cm (s.p)15 cm (s.p)

10

GATE 0.1.2.1.4

No SCRAM due to float 1 (-15 
cm, small pool) red warning 
light

TREE 1

GATE 0.1.2.1.4.1

Indication failure

GATE 0.1.2.1.4.2

Red warning light off

21 HUMAN ERROR

Human error

31FLT 1 REDLGHT ERG

Warning light ergonomic 
failure

33FLT 1 PWR SP. MALF

Warning light power supply 
malfunction

34FLT1 REDLGHT CONT

Warning light contacts 
malfunction

35FLT 1 REDLGHT BURN

Warning light burned bulb

GATE 0.1.2.1.4.2.1

No signal from float 1

8
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Same as Tree No. 2 [N.S.d from Same as Tree No. 2 [N.S.d from --100 cm (s.p)]100 cm (s.p)]

GATE 0.1.2.1.3.2.1

No signal from float 2 TREE 7

GATE 0.1.2.1.3.2.1.1

Signal transmitting malfunction

GATE 0.1.2.1.3.2.1.2

Physical malfunction

5FLT 2 DMG. ISOLTN

Damaged wire isolation 
causes short circuit

6FLT 2 SHRT CRCUIT

Short circuit in the connectors 
cabinet

7BKGRD MAG. FIELD

High background magnetic 
field

8FLT 2 INNR CNT ADH

Inner contacts adhered

9SPFR+FLTS TOGTHR

Small Pool's First Rod and its 
floats floating together without 
relative motion

10FLT 2  UPEER POS.

Float stucked in upper 
position

27FLT 2 BPASS KEY ON

Float 2 Bypass key in 
"bypass" position

9
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No Signal from No Signal from --15 cm float (s.p)15 cm float (s.p)

GATE 0.1.2.1.4.2.1

No signal from float 1 TREE 8

GATE 0.1.2.1.4.2.1.1

Signal transmitting malfunction

GATE 0.1.2.1.4.2.1.2

Physical malfunction

36FLT 1 DMG. ISOLTN

Damaged wire isolation 
causes short circuit

37FLT 1 SHRT CRCUIT

Short circuit in the connectors 
cabinet

7BKGRD MAG. FIELD

High background magnetic 
field

38FLT 1 INNR CNT ADH

Inner contacts adhered

9SPFR+FLTS TOGTHR

Small Pool's First Rod and its 
floats floating together without 
relative motion

39FLT 1 UPPER POS.

Float stucked in upper 
position

10
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Probabilities Data BaseProbabilities Data Base
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Basic AssumptionsBasic Assumptions

�� Operator Operator –– well trainedwell trained

�� 1 operating yr. = 100 days (8 hrs.)1 operating yr. = 100 days (8 hrs.)

�� Probabilities referencesProbabilities references
�� ManufactureManufacture

�� Other system analysesOther system analyses

�� Operating data baseOperating data base

�� Open literatureOpen literature
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Human / ErgonomicHuman / Ergonomic
Key in Key in 
Bypass Bypass 
statestate

Ergonomic Ergonomic 
failure of failure of 
cont. cont. 
gaugegauge

No direct No direct 
viewview

Human Human 
ErrorError

Ergonomic Ergonomic 
failure of failure of 
light bulblight bulb

1x101x10--225x105x10--331x101x10--331x101x10--449.8x109.8x10--557.2x107.2x10--553.5x103.5x10--551x101x10--66

Manual Manual 
SCRAM SCRAM 
failurefailure

SCRAM SCRAM 
relay relay 
failurefailure

Electro  Electro  
magnetic magnetic 
interferenceinterference
(EMI)(EMI)

Power Power 
Failure to Failure to 
light bulblight bulb

Short Short 
circuit in circuit in 
connectorsconnectors
cabinetcabinet

Power Power 
Failure to Failure to 
cont. cont. 
gaugegauge

N.S.d from N.S.d from 
confinementconfinement
systemsystem

Short Short 
circuit in circuit in 
trans. trans. 
cablecable

Tube + Tube + 
floatsfloats
buoyantbuoyant

Float Float 
inner inner 
contacts contacts 
adhereadhere

Mech. Mech. 
fault of fault of 
cont. cont. 
gaugegauge

Burned Burned 
alert light alert light 
bulbbulb

Float Float 
stuckstuck

Light bulb Light bulb 
contacts contacts 
failurefailure

TechnicalTechnical

Basic Events Basic Events -- Faults probability of occurrence [1/day]Faults probability of occurrence [1/day]
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Results & Sensitivity analysesResults & Sensitivity analyses
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a. Nominal Probability Valuesa. Nominal Probability Values
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Human / ErgonomicHuman / Ergonomic
Key in Key in 
Bypass Bypass 
statestate

Ergonomic Ergonomic 
failure of failure of 
cont. cont. 
gaugegauge

No direct No direct 
viewview

Human Human 
ErrorError

Ergonomic Ergonomic 
failure of failure of 
light bulblight bulb

1x101x10--225x105x10--331x101x10--331x101x10--449.8x109.8x10--557.2x107.2x10--553.5x103.5x10--551x101x10--66

Manual Manual 
SCRAM SCRAM 
failurefailure

SCRAM SCRAM 
relay relay 
failurefailure

Electro  Electro  
magnetic magnetic 
interferenceinterference
(EMI)(EMI)

Power Power 
Failure to Failure to 
light bulblight bulb

Short Short 
circuit in circuit in 
connectorsconnectors
cabinetcabinet

Power Power 
Failure to Failure to 
cont. cont. 
gaugegauge

N.S.d from N.S.d from 
confinementconfinement
systemsystem

Short Short 
circuit in circuit in 
trans. trans. 
cablecable

Tube + Tube + 
floatsfloats
buoyantbuoyant

Float Float 
inner inner 
contacts contacts 
adhereadhere

Mech. Mech. 
fault of fault of 
cont. cont. 
gaugegauge

Burned Burned 
alert light alert light 
bulbbulb

Float Float 
stuckstuck

Light bulb Light bulb 
contacts contacts 
failurefailure

TechnicalTechnical

Sensitivity analyses [1/day]Sensitivity analyses [1/day]
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b. Human Error (X10) failure probabilityb. Human Error (X10) failure probability
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c. EMI (X 1/10) failure probabilityc. EMI (X 1/10) failure probability
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d. EMI (X 1/1000) failure probabilityd. EMI (X 1/1000) failure probability
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ConclusionsConclusions
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ConclusionsConclusions
�� 1X101X10--66  --הסתברות קטנה מהסתברות קטנה מ: : תכן המערכת עומד בד רישהתכן המערכת עומד בד רישה [1/day][1/day]

: : הסתברות התרחשות אירוע העל שהתקבלההסתברות התרחשות אירוע העל שהתקבלה 6.01X106.01X10--77 [1/day][1/day]
�� לא נמצ א אופן כשל בודד לא נמצ א אופן כשל בודד 
�� ) ) מיםמים""צחצח((צירופי אירועי בסיס הדומיננטיים צירופי אירועי בסיס הדומיננטיים 

�� " " שדה מגנטי  משבששדה מגנטי  משבש""בו זמנית  עם  בו זמנית  עם  "  "  טעות א נושטעות א נוש""
�� " " שדה מגנטי  משבששדה מגנטי  משבש""בו זמנית  עם  בו זמנית  עם  "  "  כשל  בייזום ה שתקה ידנית כשל  בייזום ה שתקה ידנית ""

�� המערכת רגישה יותר לטעות אנוש מא שר לשדה מ גנטי משב ש המערכת רגישה יותר לטעות אנוש מא שר לשדה מ גנטי משב ש 
�� ))שמירת ערכי ההסתברותשמירת ערכי ההסתברות((חשיבות הבדיקות התקופתיות חשיבות הבדיקות התקופתיות 
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DrawerDrawer
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Level Station Assembly (LSA)Level Station Assembly (LSA)
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-15 cm(s.p)

-100 cm(s.p)

Manual
SCRAM
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Cont. Level
Gauge meas.

““Control RoomControl Room”” deploymentdeployment
Alert lig h t b u lb s


