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Fault Tree Analysis (FTA)



Tree Top Structure _I
Top Event
P Manual

. SCRAM

GATE 0.1

__________ i L

No Automatic SCRAM demand o Manual SCRAM demand
Auto.

GATE 0.1.4 SCRAM GATE 012

() )7 Ml ) A

I I I us I
No SCRAM demand from fibgNo SCRAM demand from flodNo SCRAM demand from fi§dOperator doesn't initiate Manual SCRAM initiating
2 3 6 = [SCRAM malfunction | L iieeesssssssssssssssssEsEssEEnnnnnn,
(-100cm, small pool) (-200 cm, small pool) (-200 cm, large pool) s
GATE 0.1.1.1 GATE 0.1.1.2 GATE 0.1.1.3 up GATE 0.1.2.1 2MAN. SCRM FAIL.

INo SCRAM due to visual vieuNo SCRAM due to continuouiNo SCRAM dl‘Je to float 2 No SCRAM due to float 1 (-15.
fof pool's low water level water level gauge (Foxboro) |(-100 cm, small pool) red cm, small pool) red warning| =
" warning light light
Legend " ] GATE 0.1.2.1.1 GATE 0.1.2.1.2 GATE 0.1.2.1.3 GATE 0.1.2.1.4
N.S.d = No SCRAM demand 5 6 7 8
ettt et eeeeeeessaasaeeeeessassseeeeeennaseeeeeenneaeeeeen e errenan .
* N.S.d from -100 cm (s.p) * N.S.d - Direct View

+ N.S.d from -200 cm (s.p) * N.S.d - C.ontlnuous level meas.
* N.S.d - Light bulb -100 cm (s.p)
* N.S.d from -200 cm (l.p) « N.S.d - Light bulb -15 cm (s.p)
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No SCRAM demand from float
2
(-100cm, small pool)

2

GATE 0.1.1.1
\ |
No signal SCRAM system K14 relay
stays close
GATE 0.1.1.1.1 3 SCRM K14 CLOSED

N.S.d from -100 cm (s.p)

Signal transmitting malfunction

GATE0.1.1.1.1.1

Physical malfunction

GATE0.1.1.1.1.2

Damaged wire isolation
causes short circuit

Short circuit in the connectors
cabinet

High background magnetic
field

Inner contacts adhered

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

Float stucked in upper
position

Float 2 Bypass key in
"bypass" position

5FLT 2 DMG. ISOLTN

6FLT 2 SHRT CRCUIT

7BKGRD MAG. FIELD

8FLT 2 INNR CNT ADH

9SPFR+FLTS TOGTHR

10FLT 2 UPEER POS.

27FLT 2 BPASS KEY ON
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No SCRAM demand from float
3
(-200 cm, small pool)

B

GATE0.1.1.2

Closing Confinement doesn't
give SCRAM signal

No signal from float 3

4CONFMNT CLOSE SGNL

GATE0.1.1.21

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

Signal transmitting malfunction

GATE0.1.1.2.1.1

Physical malfunction

GATE0.1.1.21.2

Damaged wire isolation
causes short circuit

Short circuit in the connectors
cabinet

High background magnetic
field

Inner contacts adhered

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

Float stucked in upper
position

11FLT 3 DMG. ISOLTN

12FLT 3 SHRT CRCUIT

7BKGRD MAG. FIELD

13FLT 3 INNR CNT ADH

14SPSR+FLTS TOGTHR

15FLT 3 UPPER POS.

O

O

O

O

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

A

GATE0.1.1.3

Closing Confinement doesn't
give SCRAM signal

No signal from float 6

4CONFMNT CLOSE SGNL

GATE 0.1.1.3.1

10

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

Signal transmitting malfunction

GATE 0.1.1.3.1.1

Physical malfunction

GATE 0.1.1.3.1.2

Damaged wire isolation
causes short circuit

Short circuit in the connectors
cabinet

High background magnetic
field

Inner contacts adhered

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

Float stucked in upper
position

16FLT 6 DMG. ISOLTN

17FLT 6 SHRT CRCUIT

7BKGRD MAG. FIELD

18FLT 6 INNR CNT ADH

19LPR+FLTS TOGTHR

20 FLT 6 UPPER POS.
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N.S.d = Direct View

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

GATE 0.1.2.1.1
|
Human error No visual indication to the
pool's low water level
21 HUMAN ERROR 22 POOL VISUAL IND.

O
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N.S.d — Continuous level meas.

No SCRAM due to continuous I
water level gauge (Foxboro) / E

GATE 0.1.2.1.2
\ \

Indication failure Gauge's needle shows level

above -40 cm
GATE 0.1.2.1.2.1 GATE 0.1.2.1.2.2
\ \

Gauge ergonomic failure Human error Gauge power supply Gauge mechanical

malfunction malfunction
23 FOXB. ERG. FAIL 21 HUMAN ERROR 24 FOXB. PWR.SP. MAL 25 FOXB. MECH. MALF

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

GATE0.1.2.1.3

A

N.S.d — Light bulb -100 cm (s.p)

Indication failure

GATE 0.1.2.1.31

A

Red warning light off

GATE 0.1.2.1.3.2

i

Human error

Warning light ergonomic
failure

Warning light power supply
malfunction

Warning light contacts
malfunction

Warning light burned bulb

No signal from float 2

21 HUMAN ERROR

26FLT 2 REDLGHT ERG

28FLT 2 PWR SP. MALF

29FLT 2 REDLGHT CONT

30FLT 2 REDLGHT BURN

GATE 0.1.2.1.3.2.1

O
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O

O

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

GATE 0.1.2.1.4

A

N.S.d — Light bulb -15 cm (s.p)

Indication failure

GATE 0.1.2.1.41

A

\
Red warning light off

GATE 0.1.2.1.4.2

A

Human error

Warning light ergonomic
failure

Warning light power supply
malfunction

Warning light contacts
malfunction

[
Warning light burned bulb

No signal from float 1

21 HUMAN ERROR

31FLT 1 REDLGHT ERG

33FLT 1 PWR SP. MALF

34FLT1 REDLGHT CONT

35FLT 1 REDLGHT BURN

GATE 0.1.2.1.4.21

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

No signal from float 2

/9

GATE 0.1.2.1.3.21

Signal transmitting malfunction

GATE 0.1.2.1.3.2.1.1

Physical malfunction

GATE 0.1.2.1.3.2.1.2

Damaged wire isolation
causes short circuit

Short circuit in the connectors
cabinet

High background magnetic
field

Inner contacts adhered

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

Float stucked in upper
position

Float 2 Bypass key in
"bypass" position

5FLT 2 DMG. ISOLTN

6FLT 2 SHRT CRCUIT

7BKGRD MAG. FIELD

8FLT 2 INNR CNT ADH

9SPFR+FLTS TOGTHR

10FLT 2 UPEER POS.

27FLT 2 BPASS KEY ON

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

No signal from float 1 ]
GATE 0.1.2.1.4.2.1

A

Signal transmitting malfunction Physical malfunction
GATE 0.1.2.1.4.2.1.1 GATE 0.1.2.1.4.2.1.2
\ [ [ \
Damaged wire isolation Short circuit in the connectors | |High background magnetic Inner contacts adhered Small Pool's First Rod and its | |Float stucked in upper
causes short circuit cabinet field floats floating together without | |position
relative motion
36FLT 1 DMG. ISOLTN 37FLT 1 SHRT CRCUIT 7BKGRD MAG. FIELD 38FLT 1 INNR CNT ADH 9SPFR+FLTS TOGTHR 39FLT 1 UPPER POS.

O @
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Probabilities Data Base
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Basic Assumptions

d Operator — well trained

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

1 Probabilities references

Manufacture
Other system analyses
Operating data base

Open literature



A

~”*  Basic Events - Faults probability of occurrence [1/day]

Human'/"Ergonomic

Key in
1] l\> Bypass
L state
Ergonomic
failure of
cont.
gauge
Er_gonomlc Human No direct
failure of Error view
light bulb
1x106 | 3.5x10> | 7.2x10> | 9.8x10> | 1x10+ 1x10-3 5x10-3 1x10-2
N.S.d from IE:iI“:l ?; to gil::::li:t in Power Electrot_ SCRAM Manual
confinement Failure to mta gfne Ic relay SCRAM
system cont. connectors light bulb INEITerence | failure failure
gauge cabinet (EMI)
Mech. float Tube + S_horF _
fault of inner floats circuit in
cont. contacts b trans.
gauge adhere uoyant | cople
Light bulb Burned
contacts ::32::( alert light
failure bulb
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Results & Sensitivity analyses
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Minimal Cutsets

a. Nominal Probability Values

Top event probability @ = 6.011E-07

Mo, Prob. Ve
o.000E-O07 83.18
1.000E-07 1664
1.000E-0%2 0.17
3.560E-11 0.01
3.560E-11 0.01

tn s fd R o=

Event
ZMAN. SCEM FAIL.
21 HUMANMN ERROR

22 POOL VISUAL IND.
22 POOL VISUAL IND.
22 POOL VISUAL IND.

TEKGRD MAG. FIELD
TEKGRD MAG. FIELD
23 FOXB. ERG. FAIL FBRGRD MAG. FIELD
24 FOXB. PWR.SF. MAL FBRGRD MAG. FIELD
25 FOXEB. MECH. MALF TBKGRD MAG. FIELD



[
M d

Sensitivity analyses [1/day]

Key in
1] l\> Bypass
L] state
Ergonomic
failure of
cont.
gauge
Ergonomic -
failure of ‘I;li::,'red
light bulb
1x10°6 | 3.5x10> | 7.2x10> | 9.8x10> 5x103 1x10-2
N.S.d from IE:iI“:l ?; to gil::::li:t in Power Electrot_ SCRAM Manual
confinement cont connectors Failure to ::11tae gf?:e;f:e relay SCRAM
system : - light bulb failure failure
gauge cabinet
Mech. float Tube + S_horF _
fault of inner floats circuit in
cont. contacts b trans.
gauge adhere uoyant | cople
Light bulb Burned
contacts ::32::( alert light
failure bulb
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b. Human Error (X10) failure probability

Minimal Cutsets

Top event probability @ = 1.501E-08

Mo, Prob. Ya
1 1.000E-06 ©66.61
2 5.000E-07 3331
3 1.000E-09 0.07
4 3.560E-11 0.00
o 3.560E-11 0.00

Event
21 HUMANMN ERROR
ZMAN. SCRM FAIL.

22 POOL VISUAL IND.
22 POOL VISUAL IND.
22 POOL VISUAL IND.

TERGRD MAG. FIELD
TEKGRD MAG. FIELD
23 FOXEB. ERG. FAIL TEKGRD MAG. FIELD
25 FOXE. MECH. MALF TBKGRD MAG. FIELD
24 FOXB. PWR.SF. MAL TBKGRD MAG. FIELD
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c. EMI (X 1/10) failure probability

Minimal Cutsets

Top event probability & = 6.016E-03

Mo, Prob. % Event

1 5.000E-08 83.11 2ZMAN. SCRM FAIL.

2 1.000E-08 1662 21 HUMAN ERRCOR

3 1.000E-10 017 22 POOL VISUAL IND.
4 5.000E-12  0.01 11FLT 3 DMG. ISOLTN
= 5.000E-12  0.01 11FLT 3 DMG. ISOLTN
6 S.000E-12  0.01 11FLT 3 DMG. ISOLTH

TBKGRD MAG. FIELD
TBKGRD MAG. FIELD
23 FOXB. ERG. FAIL

16FLT 6 DMG. ISOLTH
16FLT & DMG. IS0OLTN
16FLT & DMG. ISOLTHN

TBKGRD MAG. FIELD

ZMAMN. SCRM FAIL. oFLT 2 DMG. ISOLTH
27FLT 2 BPASS KEY ON  2MAN. SCEM FAIL.
ZMAMN. SCRM FAIL. 3 5CRM K14 CLOSED
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d. EMI (X 1/1000) failure probability

Minimal Cutsets

Top event probability & = 68.573E-10

MNo. Prob. % Ewvent

1 S.000E-10 76.06 2MAN. SCEM FAIL.

2 1.000E-10 1521 21 HUMAN ERROR

3 S.000E-12 076 11FLT 3 DMG. ISOLTN
4 S.000E-12 076 11FLT 3 DMG. ISOLTN

2.000E-12 D078 1T1FLT 3 DMG. ISOLTH
2.000E-12 D78 ZMAN. SCRM FAIL.
2.000E-12 078 ZTFLT 2 BRASS KEY ON
2.000E-12 D78 2ZMAN. SCRM FAIL.

o =] o n

TBKGRD MAG. FIELD
TBKGRD MAG. FIELD
16FLT & DMG. ISOLTHN
16FLT & DMG. ISOLTHN
16FLT & DMG. 1SOLTHN

3 SCRM K14 CLOSED
2MAN. SCRM FAIL.
4COMFMNT CLOSE SGHNL

ZMAMN. SCRM FAIL.

ZMAMN. SCRM FAIL.

27FLT 2 BPASS KEY ON

4CONFMNT CLOSE SGML  sFLT 2 DMG. ISOLTH
4CONFMNT CLOSE SGML 3 seoRprM K14 CLOSED
SFLT 2 DMG. ISOLTH 2ZMAN. SCRM FAIL.
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Conclusions
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Presentation COI'ICll.ISiOI’IS

system | d -n "0 nNanoa :AwnATa TRy Ndwna pNn1X10-6 [1/day]

7APRAY wn Yk nivnnn hinanoa6.01X10°7 [1/day]

FTA
O 7172 7w |9IX XX X7
Probabilities]
0 (nm"nx) D"00MITA 0'0Q 'WIN'X 'OINY
Results = "pawn *01an ATY" DY " "'giax nyo”

= "pawn "02an NTY" QY "R a "NaT npnrn mima bpo"

onclusiong

L wawn 'uvian nTYY Y'UKRN UiX DIYOY7 N awnan nDynn

O (@nanonn A nvnw) NIFMSDIZNN NIZ'TAN NIA'YN
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Drawer
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5= | Mounting
b | Plug

Tube Con-
nector

. Float, Tube
and Switch

Tube Union

. Float, Tube
— and Switch

s / Station

F| Tube End
Fittings

29



% Tel AVIV UNIVERSITY

“Control Room"” deployment

Manual
i

Cont. Level
Gauge meas.




