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Report No. 02~0160-1102
Revision O

GUIDE FOR USING THE ‘

' FAILURE MODES AND EFFECTS ANALYSIS (FMEA)

The FMEA's contained herein are segregated by common
power supply or sensor. Each system that 'is affected by
this commonality is then analyzed individually to
determine the appropriate failure information.

The two "Effects" columns on the FMEA's provide a summary
of the results of the combined failure of all the
components noted in the "Components" column.
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Pacility:

Docket: 50-387, 50-388

Susquchanna Stean Electric Station

PAILURE MODES AND EFPECTS ANALYSIS

Shoeot 1 of 3

Coumon Power Supply or Sonsor:

Control System Affected:

1D515 125VDC

Reactor Feedwater Control Systenm

CsID: 0160-004-001
CD: 0160-004-011

Job No.

0160-004-671

Prapared by:

AR e L |

Datot
Checked by:

Date:

\
Approved bys: ﬁlqkhbéﬂ/

2 S /el Rev. o )
i]!f °;§\ Date: _\?[-:13y3}
2/5,

Coamponent Name
and Number

Faflure
Mode

Syaptoas and Local
Bffects Including
Dependent Failures

Systen Inherent
Componsating Provision

Sunnarys:
Effect Upon
Control Systen

Sumnary:
Effoct Upon
Plant Performance

1. Reactor fced puamp turbine Az
a. Trip circuit - Lovel 8
trip contacts

Do~ener-
gized

. Prip circuit is de-ener-
gized

. Lovol 8 trip signal
cannot be processed

Trip circults for feed
puap turbines B and C are
powered by other DC power
supplies

. Loss of ability to trip .

turbine A on Lovel 8 trip
signal

There is no affect on
plant performance unless
Lovel 8 trip condition
oxists







Facility: Susquehanna Steam Electric Station FAILURE lIODES AND EFFECTS ANALYSIS Sheet _ 3 of 3
Docket: 50-387, 50-388
1
. Job No. 0160-004-671
) Preopared by: Tzl I .
Conuon Power Supply or Sensor: 10615 125 VDC CSID: 0160-004-001 Dates s Rav. 0
- Checked by: A7 . DYy Datos _y )-;

Control Systea Affected: Pressure Requlator and T/G Control CcD:' 0160-004-011 Approved by: AF.AWA Date:

|

| Syuptons and Local . Suunnary: Sunnarys:

Couponent Name
and Number

Failure
Mode

Effects Including
Dependont Fallures

Systenm Inherent
Compensating Provision

Effect Upon _
Control Systenm

Effect Upon
Plant Performance

1. Trip and alarm switches:
a. PSL-=11981A1, Bl/Thrust

bearing wear detector and
low bearing oil pressure

PSL-10180A/Low hydraulic
€£luid pruessure

PSL-119323/Shaft punp
discharge low pressure

TSHI=10115A1-C1/Exhaust
hood high temperature
generator-end trip

LsH-101278, -28A, -29A/
Moisture gceparator re-
heator drain tank 1A high
water level

Fail High

Fail High

Fail High

Fail Low

Fail Low

.

PSLX-11981 Al,

not enorglze: .

- Contacts remain un-
changed

Bl will

PSLX-10180A will not

onerglize:

-~ Contacts remain un-
changed

PSLX=-11932A will not

energize:

- Contacts romain un=-
changed )

TSSH~10119A1-C1 will not

onergizo:

- Contacts reaain un=-
changed

LSHX~1027A will not

encrgize:

= Contacts remain un-
changed

Logic arrangement (2/3)
in EHC trip system pre-
vents & single power
supply from interrupting
the EHC trip logic

If turbines are shut
down, back-up unit pro-
tection available for
anti-pmonitoring

Logic reduced to a 2/2
logic arrangeaent~both
renaining relays nust
energize to complete the
trip configuration

Loss of primary unit
protection on generator

Any gencrator malfunc-

tions cannot induce an

EHC trip by way of pri-
nary unit protection

Logic for unit protection
initiated EHC trip is
reduced to 1/1 from 1/2

. The loss of power does
not cause an EHC trip,
thus there is no iwmpact
on overall plant por-
formance
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Facility:
Docket:

50-387, 50-388

Susquehanna Steam Electric Station

FAILURE HMODES AND EPPECYTS ANALYSIS

Sheot __2 of

Component Name
and Number

Failure
Hode .,

Bffects Including
Dependent Failures

Syatem Inherent
Compensating Provision

Effect Upon
Control System

) Job Mo. 0160-004-671 .
Prepared by: (d.» ,],)- JI{. Lsa, .
P r S ly or Sensor: 1b615 125VDC CSID: 0160-004-001 Date: 22l /el aVe y7)
Gomnon Powor Supply Checked by: A Dy1°)) e Dato: /1/2i/c
Control Systeam Affected: Recirculation Flow Control CD: 0160-004~011 Approved by: Ll Bereltn: Date: (EZEZ&
Syuptons and Local Sumnaxy: Sunnarys

Effect ,Uoon
Plant Performance

1. Temperature switchs.
TSH-14021A2

2. Paedwater system control of
reactor recirculation systen
runback circuftry = recircu-
lation flow loop A:

a. Pocdwater low flow:
1. PSL=10604A}
2. FSL-10604B1
3. PSL-10604C1

b. Peedwater high level:
LSH{I=10317A2
2. LsSHH-10317B2
3. Lslil-10317C2
LSH-10305A2
5. LsHII-10305B2
6. LsSI=-10305C2

¢. Condensate punp low dis-~
charge pressure:
1. PSL-10507a
2. PSL-10507B
3. PSL-10507C
4. PSL-10507D

o
.

Circulating water pusp
| trip circuic:
1. COIL 52X1-10105

3. Loop A circuits:
a. Under-voltage relay
b. Lockout
c. Punmp vibration resot
d. Scoop tube power fallure
lock and resot
e. Auxiliary circuits
f. Gonerator field breaker

off

Off

Off

Fajlure of tho tonmpera-
ture switch has no local
offects

Loss of bus voltage is
predominant .

Loss of bus voltago

.cauges:

- Low flow runback signal
transaltted to auxiliary
circuits A and B

- Circulating water pump
trip signal transmitted
to auxiliary circuits
A and B

- Generator fleld breaker
for loop A will open and
trip the M-G set (re-
circulation punp)

- Scoop tubce for loop A
4-G set will lock in
position at the instant
tho bus voltage is lost

- In loop A, speed control
circuitry speced limiter
No. 2 is enabled

- Loop B controller ad~
Justs the scoop tube to
reduce M-G sct speed

Redundant lube oil tem-
perature indlcators and

a temporature switch-
alarm conbination provide
additional monitoring

No inherent compensating
provision for loop A

Conmpensation of loop B
is lianited to a flow
reduction via recircula~
tion punp B

Loss of automatic com-
pensation for high lube
oil temperature .

Por recirculation loop
A, the M-G set must be
rostarted after the bus
is recovered

Control of loop A is re~-
eatablished after the
restart procedure

Por recirculation loop
B, control may still be
exercised over tho re-
circulation pump

Operation of the recir-

culation pusmp in loop B

must be governed by the

criteria for single loop
operation

. Loss of recirculation
flow is.caused by the
loss of flow in loop A

. A core flux differonce
will result from the
flow imbalance
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Facility:
Docket:

50-387, 50-388

Susquchanna Stean Electric Station
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®

PAILURE MODES AND EPFECTS ANALYSIS

Sheot _3a _ of __ 3

1

switch relay - nain stop

valve
1]

3. Primary unit protection

a. 86GC/Primary lockout
relays =unit protection

Fail Off' |.

and change atato of con-
tacts in the anti-motoring
circuit

Coils do not encrgize to
close contacts in EHC and
initiate a trip

Primary unit protectioon
is disabled

unit protection is also
on 1D615, primary lock-
out relays on unit pro-
tection bus are disabled

Power directional relay
fails to energize and
complete circuit that
contains contacts from
sequentfal trip - there-
fore, any adverse offects
frxom the improper con-
figuration of sequential
trip contacts is elim~
inated

: |
. Job No. 0160-004-671 |
Propared by: AT I T |
Connon Power Supply or Sensor: 1D615 125 VDC CsiD: 0160-004-001 Datot 14/e:d5 Rov. |
Checked by: (AN 1Y Date: %I
Control System Affected: Pressure Requlator and _T/G Control CD: 0160-004-011 Approved by: AR 7 7 P Date: I
| i 1 |
] | | Symptoms and Local Sunmary: Sumnary: |
Couponent Nane | Failure Effccts Including Systoa Inherent Effect Upon Effect Upon [
and Humber { Mode Dopendent Failures Compensating Provision Control Systen Plant Porformance {
| . {
2. Sequential trips ] | . l
a. 2S-10160A2-F2, AS-FS5/ IFail 0ff |. All contacts must close to |
Position switches on | complete the sequential |
intercept and intormediate trip . |
stop valvos-gervo valves ! :
b. 2S-10141A2-p2/Position Fail Off | |
switchos on main stop - | I
valve-servo valves I . |
c. S2XT1-1R101/A-C circuit Fail Off |. Fails to energize and | |
breaker open contacts: |
- Causing an interruption |
in the gencrator so-
quential trip
d. 33X1-10141/Position Pail Off |. Coil fails to energize Anti-notoring circuit in
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Facility: Susquehanna Steam Electric Station PAILURE MODES AND EPPECTS ANALYSIS Shect 1 of 4
Docket: 50-387, 50-388 ~
| , |
| Job No. 0160-004-671
| L Propared by: _ 74 ovd 77 N -

Coumon Power Supply or Secnsor: 1D625 125 VDC CSID: 0160-004-001 Date: AT ZNTVA P Rov. [e

o Chocked by: (Z:%'f !13!& Date: ;?‘._:57}2 |
Control Systen Affected: Reactor Peedwater Control System CD; 0160-004-012 Approved by: Ny Date: /3 |

Syuptons and Local Sunnary: Sumnary:
Coaponent Name Fajilure Effects Including * Systen Inherent Effect Upon Effoct Upon
and HNumber Mode Dependent Failures Componsating Provision Control Systen Plant Performance
1. Reactor feed pump turbine 8 De-cner- |. Trip circuit is de-enor- . Trip circuits for reactorl. Loss of ability to trip . There is no affect on
trip circuit ~ Level 8 trip Igized gized feod punp turbines A and turbine B on a Level 8 plant performance unless

contacts

. Lovel 8 trip signal cannot
be processed

C are powered by other
DC power supplies

trip signal

a Level 8 trip condition
exists
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Docket:

y: Susquehanna Steam Electric Station

50-387, 50-388

FAILURE MODES AND EFPECTS ANALYSIS

Sheet 2 of

d.

Scoop tube power failure
lock and reset

Muxiliary circuits

Gonerator field breaker

The scoop tube for M-G
sot loop B will lock in
position at the instant
bus voltage is lost

The M~G set and recir-
culation pump for loop
B will trip and coast
to a stop

will be processed in
the auxiliary and spced
control circuitry for
loop A

No compensation effect
for the loss of flow in
loop B

via the master control-

ler, M/A transfer station

and speed control cir-
cuitry

Job No. 0160-004-671
. Prepared by: (NA /s D= tlipacche
Comnon Power Supply or Sensor: 1D625 125 VbC CSID: 0160-004-001 Dates 12/27/¢2) Rev. -]
Checked by: =YY s 2t e Date: ) /-./¢:
Control System Affected: Recirculation Flow Control CD: 0160-004-012 Approved by: /K. Date:
i
| Symptoms and Local Summary: Sunnary:
| Component Nawe Fajlure -Bffects Including System Inherent Effaect Upon Effect Upon
| and Number Mode Dependent Pailures Compensating Provision Control Systen Plant Performance
1. Tenporature switch: Off Failure of the tempera=- Redundant lube oil tem- Loss of automatic coun- Recirculation tlow is
TSH-14021B2 ture switch has no local perature indicators and pensation for high lube reduced dQue to the loss
effects a temperature switch- oil temperature of flow in loop B
. alara combination pro-
There are no dependent vide additional moni-~ Operation of the recir- - A core flux difference
failures associated with toring culation pump in loop A will result froam the
the switch failure _ nust be governed by the flow imbalance
flow criteria for single
. losa of bus voltage is . punp operation
predominant - |
} Control of loop B recir- | -
12. Circuits - recirculation culation is lost and | :
| flow loop B: cannot be re-established | .
| a. Under-voltage relay Off Loss of bus voltage will Recirculation loop A until the bus voltage is
| causce the following: will continue to oper- recovered
|  b. Lockout - Goaerator field breaker ate normally
| _ for loop B will open Control of recirculation
| c. Punp vibration reset - Reactor runback signals loop A may be exercised
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PFacility: Susquehanna Steam Electric Station FAILURE MONES AND EFPECTS ANALYSIS ) " Sheot J__ of 1 i
Docket: 50~-387, 50-388 3

- Contacts remain un-
. changed in logic circuit

H
! H
| Job No. 0160-004-671 .
| Prepared by: oot lh PPV 1) e :
|Connon Power Supply or Sensor: 1D625 125 VDC CSID: 0160-004-001 Date: L Rev. ) ;
| Checked by: [VASHIB Y Date: i
{Control Systen Affecdted: Pressure Requlator — T/G_Control CD: 0160-004-012 Approved by: Tl orclrim Date: _ob/h ;
] H
| Symptous and Local Sunnary: Sunnary: !
| Conponent Name Failure Effects Including Systom Inherent Effect Upon Effect Upon .
{ and Nunber Mode Dependent Failures Compensating Provision Control Systen Plant Perforaance = :
3
I :
[1. Unit protection: .
I a. 1R101/Gencrator oil rail Off |. 52X coil in 1R10l control 4 . Initiates the T/G trip . The main generator 1lR10Y .
| circuit breaker-230kv system fails to remain signal in the EHC systen oil circuit breaker de- ‘
| power . energized - no need for further enorgizoes and trips the .
| turbine relay circuitry T/6 !
i . Contacts in breaker aux- ] 1 !
iliary SWs2-1 will close |. Any two energized trip | | ;
(normally closed state and alarm switches. | .
when de-energized) registering a transient | .
sufficient to change |
. Closed contacts initiate their associated contacts 1 ;
an EHC trip will cause a T/6 trip :
2. Trip and alarm gwitches: . Remaining relays beconme . | .
a. PSL-11981A2,B2/Thrust Pail Highl. PSLX-10112A2-B2 will not . Circuit logic (2/3) pre- arranged in a 2/2 logic |
bearing wear detector and energize: vents Inadvertent trip |
low bearing oil pressure = Contacts remain un- via the instrumentation . The generator sequential |
. changed in logic circuit!l circuits trip becones disabled =
b. PSL-101808/Low hydraulic Fail Highl. PSLX10180B will not : There are no further ac- | 1
fluid pressure energize: tions or trips involved ' l :
- Contacts remain un- when the sequential trip | 3
| changed in logic circuit A is lost l ‘
c. PSL-11932B/Shaft pump Pail Highl. PSLX119328B will not |
discharge=low pressure energizes " =
|
|

d. TSHH-10115A2~C2/Exhaust Fail Low |. TSHUX-10118A2-C2 will not . ’ . ’
hood high temperature energize: :
generator ¢nd trip - Contacts remain un- :

changed in logic circuit . 1
I e. LSN-101278, -28B, =298/ Fail Low |. LSHX10127B will not | I ;
| Hoisture separator cnerglze: .
A rcheater drain tank 18 - Contacts remain un- | '
: high water levol changed in logic circuit
| ' * '
|
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Susquebanna Stcam Electric Station FRILURL MODLS AND EFPFECTS ANALYSIS

50-387, 50-388

Sheet _3a __of __ 4

Job No. 0160-004-671
Prepared by: Rlantf D2 )

Comnon Power Supply or Sensor: 1D625 125 VDC CSID: 0160-004-001 Date: 21l Rev. o
N * Checkad by: YA SIS FY Date: =f.

Control System Affectad: Pressure Requlator — T/G Control CD; 0160-004-012 Approved by: AN Date:

|
| Symptons and Local Sumnary: Sunaary:
Couponent Naace Fajilure |° Effects Including Systom Inhorent Effect Upon . Effoct Upon

and Nuaber . HMode Dependent Pailures Conpernisating Provision Control Systen Plant Performance

3. Sequential trip Instrumenta=-

tion:

a. 25-10160a2-F2, AS5-PS5/
Position transducers -
intercept and intermediate
stop valves~scrvo valves

b. 25-10141A2-D2/Position ~
transducers ~ main stop
valves=gervo valves

c. 52XT2-1R101
52XT1-1R101/Main generator
auxiliary relay

Fail Off |. Sequential trip disabled
by the failure to encrgize
33%X2-10141

—~
. Contact 5X2T2~1R101 fails
to open due to the ina-
bility to energize the
corresponding coil in
| the auxiliary circuit

Pail Off |. Same as 25-10160

Pail Off |. Fails to cenerglze and
open contact in geneorator
scquential trip

3
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Facility:i Susquehanna Steaw Electric Station FAILURE HODES AND 'EPFPECTS ANALYSIS Sheet _ 4 of 4
Dockaot: 50-387, 50-388 —

EXLIgS

. Job Ho. . o 0160-004-671 M
Prupared by: /Al U )\ s
Conmon Power Supply or Sensor: 10625 125 VDS CSID: 0160-004-001 Date: [ARYY AT 2N Rav. Iz H
Checked by: _ 2L el 2or 4)amme Date: o, /o /¢
Control System Affected: Traversing In-Core Probe (TIP) CD: 0160-004-012 Approved by: A s 200 Dates _si/is [f7 i P
- 1 .
Syuptous and Local Sunnary: - Sunnarys 3
Component Naae Pajilure Effects Including System Inherent Effect Upon Effoct Upon s
and Number Mode Dopendent FPajlures Compensating Provision Control Systen Plant Performance H
. | N
l1. Valve coantrol monitor OfE . Shear valve is inoporativel. On loss of 125 VDC, TIP . Control systea returns . Unable to perfora TIP ) -
is autonatically with- TIP probe to noraally’ operation
« Dry gas purge circuit is drawn housed position .
inoporative - < Unable to obtain core
. Purther systom operation £lux readings through
is not possible until DC | TIP probe |

power is restored |
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Facility:

Docket: $0-387, 50-388

Susquelianna Steam Electric Station

FAILURE MODES AND EFFECTS ANALYSIS

Sheet 1 of

i Job No. 0160-004-671
{ - Prepared by: % v d 2 Joee [
Comnon Power Supply or Sensor: 10635 125 VDC CSID: 0160-004-001 Date: ¢o-Zo2d 11 Rev. o
Checked by: UM Dates P
Control System Affected: Reactor Feedwater Flow Control CD: 0160-004-013 Bpproved by: e Date: EE;EZ&;EE
i
1 Symptoms and Local Sunnarys Suunary:
| Coaponent Name Failure Effects Including Systen Inherent Effect Upon . Effoct Upon
and Number Mode Dependent Failures Coampensating Provision Control Systen Plant Performance
1. Poedwater flow instrumenta- . In the 3 elenent mode: . If Lavel 8 trip is
tion: - A zero flow input sig- reached, RFPT C will not
a. Feedwator flow sensor Off . Flow signal from sensor B nal to the flow controll ' trip due to the disabling
train B/C32-N002 goes to zoro for flow circult causes an in- of the trip circuit
signal proceasing circuit crease in speed for . .
reactor feed pump tur- |. A Level 8 trip is possi-
2. Feodwator lovel instrumonta=- J bine A, B, and C ble due to the zero flow
tion: input signal to the flow
a. Reactor vessel level Off . Lose C train rcactor water « In start-up mode there control circuit
| sensor C/C32-N004C level signal is no affect -
| b. Reactor vessel high level |Alarm . High level alara is armed |. Level 8 trip logic is |. Reactor vessel high lovel
| alarn train C/C32-K624C Armed for Level 8 trip reduced from 2/3 to 1/2 | (Level 8) trip is armed
i . and provents an inad- | in train C .
3. Reactor feed punp turbine Off . Level 8 contact in trip vertent trip caused by .l N

trip (RPPT) circuit train C

circuit not processed

a power failure

Circuits are in 1/2 loglc{

There is no affect on the
control system, providing
the trip condition is not
present
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Pacilitys
Docket :

50-387, 50-388

Susguehanna Steam Electric Station

PAILURE MODES AND EFPLCTS ANALYSIS

Sheet 2__ of 2

Job No. 0160-004-671
Prepared by: Y 2 T
Comnon Power Supply or Sensor: 1D635 125 VDC CSID; 0160-004-001 Data: /xS Rav. O
Checked by: 7.3 - UL Date: ,2);
. IControl System Affected: Pressure Requlator and T/G Control CD: 0160-004-013 Approved bys _7 Dates _ /4
B ]

Componcent Nare
and Huuber

Pajilure
Hode

Syaptoas and Local
Effects Including
Dependent Pailures

Systom Inherent
Compensating Provision

Sumnarxys:
. Effect Upon
Control Systea

Summarys
Effect Upon
Plant Performance

1. Trip and Alarz switches:

a. PSL-~11981A3,B3/Thrust
bearing wear detector and
low bearing oil prossure

b. PSL-10180C/Low hydraulic
fluid pressure

c. PSL-110132C/Shaft punp
discharge low pressure

d. TSHU-1019A3-C3/High ox~
haust hood temperature
generator end

o. Lavel 8 reactor high
water level trip, train C

2." Back-up unit protection

8GGD
Back-up lockout relay unit
protection

Pail Nigh

Fail lllghl
|
Pail Highl

Pail Low

Armed

Off

Coil dowos not enorgize
and fails to chango state
of contacts in EHC logic
circuit

One third of Lovel 8 trip
circuit arued

Loss of redundant unit
protection systen

. Circuit logic (2/3) pre-,
vents inadvertent ENC
trip

. Lavel 8 trip can still
trip T/6

. Primary unit protection
remains activated

Control logic circuit
reduces to a 2/2 logic
systen

Level 8 trip logic is
reduced from 2/3 to 1/2

Loss of back-up unit
protection

No trip of EHC occurs
when power supply-lost

No impact to overall
plant performance
will occur
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50-387, 50-388

Susquehanna Stean Eloctric Station

FPAILURE MODES AND EFFECTS ANALYSIS

Shoet _1la  of 2

Common Power Supply or Sensor:

Control System Affected:

1D645 125 VDC

Pressure Requlator & T/G Control

CSID:  0160-004-001
cD:  0160-004-014

Job No. 0160-004-671

Prepared by: onss€sl v pr e o

Dato: s r. /e Rev. 2]
Checked by: <A A.110 Dato:s ATE
Approved bys 1l ln- Date:

Component Hanme
and Number

Pailure
Mode

Syaptons and Local
Effocts Including
Dopendent Failures

System Inherent
Compensating Provision

Suumary:
Effect Upon
Control Systen

Sunwary:
Effect Upon
Plant Performance

25-10160A1-F1, A7, €7, E1/
Open awitches, close
switches, respoctively

25-10140A1-E), A2-E2/
Position switches

Valve test logic circuits

Levael 8 reactor high water
lovel trip, train B

]
I
Off

Ooff

Off

Armed

. Switches are disabled and
intercept valves 1, 3,
and 5 cannot be properly
positioned

|. A1l position switches

on bypass valves are

| disabled:

-~ Bypass valve cannot be
positioned

. No teats on valves can be
conducted while custonmer
DC is not functioning

. Ona third of Level 8 trip
circui't armed

All valves that are

‘operated by position

are disabled

The Emergency Trip
systen will close valves,
if activated

Lovel 8 trip can still
trip T/G on high level

(e e
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50-387, 50-388

Susquehanna Steaa Electric Station

FAILURE MODES ARD EFFECYTS ANALYSIS

Coanon Power Supply or Sensor:

Control System Affected:

10645 125 VDC

Reactor Peedwater Control System

CSID: 0160-004-001
cO:  0160-004-014

Job No. . 0160~-004-671
- Propared by “Aineai€t P77 )

Dates g S (= Rov. o
Checked by: Udra VXN Date:

Approved by: _ JlekZ e

Date:

songor train B/C32-1004B

w

b. Roactor vesael high level |Aramed

alarm/C32-K624B

level signal input to the
flow control circuit goes
to zero

Level signal input to
flow control circuit be-
cones zero

Loss of power to alarm
enables 1/3 logic of
the Leval 8 trip circuit

as input to flow control
circuit, there is no
ceffect on the resulting
control signal

A and C train input sig-
nals to Level 8 trip cir-
cuit are not enabled

affect on the control
system

If level B is selected

as the input signal to
the control system, a
Tero level signal results
n:

~Reactor fecd pump tur- °}
bine speed will increasel

causing a high steady -I|-

state reactor vessel
level to compensate for
the low level signal

)
Level 8 trip logic (2/3) |
is reduced to 1/2 logic |
dua to arming of the l
B train portion of the
Lovel 8 trip circuit

| | Syuptoas and Local Sumnary: . Sunmary:
Component HNane Failure Bffects Including ' System Inherent Effect Upon | Effect Upon
and Numbor Mode Dopendent Failures Coupensating Provisioq Control Systen Plant Perforwmance
1. Yocdwater level instrumenta- . If level A is selected . For lovel A golected,
tion: . as input to the control thore is no affect on
a. Reactor vesgel level Off If B i3 selected, the . If level A is selected system, there will be no plant performance

‘Por lavel B selected,
tho highor stoady state
roactor vessel water
level may roesult in
Lovel 8 trip of reactor
feced pump turbines A, B,
and C

N, AR 4 ey tpe SN L, Brma———— |

R R T

® an A A

‘.

% em s ran,

Lt

S

~

- v ey,

wE i, e el

X

- all .



Facility: Susquohanna Stecam Electric Station

Docket:

50-387, 50-388

PAILURE MODES AND EFPFECYTS ANALYSIS

Shoet 1 of

Coamon Power Supply or Sensars

Control System Affected:

1¥218 120 VAC

Nuclear Pressure Relief

CSib: 0160-004-001
CD: 0160-004-015

Job lo.

Propared by: _<

Date:

Checked by:
Approved by:

An 0160-004-671
neYahy
T YR Rev.
S L Dateo: /—'-E.-/%ﬁ
FAG. 7P Date: /

Couponent Nane
and Huuber .

Pailure.
Hode

Syaptom3 and Local
Effects Including
Dependent Pailures

System Inherent
Cowmpensating Provision

Effect Upon
Control Systen

Sunwarys

Plant Perforaance

Effect Upon

Sunnary: :

1. Teuperature monitoring/leak

daetection subsysten:

Theraocouple/1H004 G, N,
K, M, N, A, B, C, b, E,
Po "a pl R, S

Temperature recorder/R614

As Is

Off

+ Loss of signal to switch
in RG14

. Loss of high teaperature
alara indication

. There are no inherent
conpensating provisions

Loss of

valve leakage detection

Loss of

signal to annunciator

circuit

Loss of

dication/leak detection

gsafety rellef

high teaperature

temporature in-

Loss of ability_to aoni-
tor for downstream lcak-
age from safety relief

valve

Loss of teaperature in-
dication downstream of
safety roliof valve




Facility:
Docket:

50-387, 50-388

Susquehanna Steam Electric Station

FAILURE MODiS AND EFPECTS ANALYSIS

Sheot 2 of

Conaon Power Supply or Sonsor:

Control System Affected:

1¥218 120 VAC

Praossure Requlator - T/G Control

CSID:  0160-004-001

CD:  0160-004-015

v

Job No.

0160-004-671

Prapared by:

o ¥t 2m )

Date: J&ter /50

Rev.

Checked by:
Approved by:

< o Date:
Data:

—"———P B QEQ

Symptons and Local

Sunnary:

i
; Suanary:

Component HName Fajluro Bffacts Including Systewn Inherent Effect Upon Effect Upon
and Nuabor Mode Dependent Failures Compensating Provision Control Systen Plant Performance
1. Level 8 trip circuit for Armed . One third of Level 8 trip . Level 8 trip logic ro~ . No affect on plant

T/6 train A

circuit armed

duced from 2/3 to 1/2

performance

17

e Ares w A
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Pacifity:
Docket:

50-387, 50-388

Susquohanna Steam Electric Station

PAILURE HODES AND EPFECTS ANALYSIS

>,

”

@

o

Sheot 3 of

|

Job Ho. 0160-004-G71 ]

Prepared by: AN s |

1Connon Pownr Supply or Sensor: 1Y218 120 VAC CSID: 0160-004-001 Date: s afe 7w Rov. ] )
| Checked by: <Z%%=¥:2\3 Date: 3 |
Control System Affected: Reactor Peedwater Flow Control CD; 0160-004-015 Approved by: Datas I
|

Symptons and Local : Sunmnary: Sumnary: |

Coaponoit Naae Fajlure Effects Including Systea Inherent Effect Upon Effect Upon |

and Nuaber Mode Dependent Failures Compensating Provision Control Systen Plant Performance |

T

1. Foedwatoer flow control in- . Loss of foedwater flow . In start up or at power, |
struncntatfon: signals and automatic the RFPT M/A controls }

a. Feedwater flow sensor Off . 20ro output trains A, C control in 1 or 3 element are disabled |
€32-H002A, C node ] |

. .- |. Peedwater flow remains |

b. Steam flow sensor logg . Zero output all trains . Loss of stcam flow = invarient duc to a =

C32-N003A, B, C, D

Reactor water level scnsorlOff

C32-R004A .

Reactor pressure level
C32-N005

Main turbine first stage
prossure, stocam flow -
C32-N007

Reactor pressaure sensor
C32-n008

Square rootor
C32-K605

C32-K606

Gain and bias control

Bias/gain steam flow sig-
nal/C32-K603

Gain and bias inputs/
C32~K602

Proportional auwplifier/
C32-K616 (suunner)

Dynaaic Coupensator/
C32-K649

Function generator/
C32-K630

Off

Off

Off

Off

Off

Off

Off

|
Jogs
|
Joge
§

|
lotg
|

. Zero output train A

« Zoro output

« Zuro output

. Zagro output

. Ze¢ro output

. Zero output

« Zoro output

. Zaro output

« Zoro output

« Zoro output

« Zoro output

Two level sensors remain
on 2/3 logic for reactor
water level (lovel 8)
trip

signals .

Loss of entire instru-"
mentation loop connected
to SRUs 1, 4, and 5

At low flow, control
systea falls to regulate
flow

M/B control of RFPTs via
a single control signal
is lost

All control of individual
RFPTs within the fecd-
water control systea is
disabled

Active trip systen is
reduced to 1/2 logic

Any additional alarm
will trip the systea

“Speed Freezo" initiated
via the LC-12730/electric
autonatic positioner on
each RFPT”

- water level (Lavel 8)

“Speed Proeze"

Peedwator flow regulation
is unavailable due to the
loss of the start~up
valve control station

Reactor runback signal
transmitted to the re-
circulation system

Prior to the Lovel 8

trip, the RFPTs may be
teminated only via an
operator-initiated trip

Sce sheet 16 for the
offects on the recircu-
lation systcn

Reactor vessel high

trip la possible if
"Speed Preezo® occurs at
naximum demand. Reactor
vessal low level (Level
2) crip is possible if
“Speed Freozo® occurs at
mninimun demand




Facility: Susquchanna Steam Electric Station

Dockot:

e et S——— —— —

50-387, 50-388

FAILURE MODES AND EFFECTS ANALYSIS

Sheot _3a of 17

-

Common Power Supply or Sensors

Control Systea Affected:

1¥218 120 VAC

Reactox Fecedwater Control Systom

CSIDs  0160-004-001
CDs 0160-004-015

Job HNo.

0160-004-671

Proparxed by: >

<t 2 2

Date: 1572
Checked by:
Approved by:

Rav. 2
Date:

Component Nane
and Nuaber

Pailure
Mode

Syaptoans and Local
Effects Including
Dependent Fallures

System Inherent
Coupensating Provision

Sunnary:
Effect Upon
Control Systen

Suanary:
Effect Upon
Plant Porformance

2. 24V GE power supply:
a. C32-K611
b. C32-K612
c. C32-K613

3. Control stations:
a. Low flow demand signal
logic/C32-K645, K646

b. Foedwater demand signal
(1 or 3 element level
control)/C-32-K633, K634,
K653

c. RFP? logic control/
C32-K637, K638a, B, C

d. M/A transfer station/C32-

R600, R601A, B, C, R602

4. Alaras:
a. Recirculation loop punp
cavitation interlock/
C32-K618

b. Feedwater puwp interlock/

recirculation loop flow
reduction alarm/C32~K628

c. Stean flow level/C32~K608

Off

Of¢f-

Off

Ooff

off

Fail Low

Pail Low

Fail Low

Zero output power to the
individual instrument
loops

Loss of auto/manual con-
trol of the feedwater
start-up control valve

Loss of all auto/manual
control of fecdwater
control systen

Loss of auto/manual con-
trol associated with each
RFPT - No speed freaze
override available in
feedwater systen

Loss of transfer station
due to failure of asso-
ciated devices powored
by 1Y218

Transaits a low-low run-
back signal to the re-
circulation systen

Transamits a trip signal to

the recirculation systen

Transnits a low flow sig-
nal to the computer

“Speed Freeze™ is ini-
tiated whon the control
signal is lost

[



Pacility: Susquechanna Steam Electric Station
Docket: 50-387, 50-388

“N

1

PAILURE MODES AND EPFECTS ANALYSIS

Sheet _3b __of 1

-

Common Power Supply or Sensor: 1Y218 120 VAC

Control System Affected: Reactor Peedwater Control Systenm

CsIb: 0160-004-001
CD: 0160-004-015

Job Ro. ; 0160-004-671 i
Prepared by: 2

Date:
Checked by:
Approved by:

Syamptons and Local
Component Hame Pailure gffects Including
and Humber Hode Dependent Falilures

System Inherent
Compensating Provision

sSunmarys
Bffect Upon
Control Systenm

Sunmary:
Effect Upon
Plant Performance

|

i

|

|

|

|

|

i

|

i

i

:

| d. Bi-level alarm/C32-K635 rail Highl. High and low level annun-
| and Low | ciators for reactor water
] level are energized on.

| the control room display
| panel
I

}

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

Train A alarm indicates

|
e. High reactor water level Fail Highl.
. high reactor water level

turbine trip/C32-K624A
|

f. RPPT control signal loss/ |Pail Dif-
C32-K607 ference

. The alarm for the loss
of control signal is
armed

. A "Speed Preeze”® is
initiatead

1
l
13
l
|
{
1
l
!
1
l
{
1
|
1
1
|

. High water level logic
(2/3) prevents inad-
vertent trip with arnming
of train A alarm







Pacility:
Docket:

Ce

50-387, 50-388

Susquehanna Steam Electric Station

PAILURE MODES AND EPFECTS ANALYSIS

3y

Component Name
and Nunber

Pailure

ode

¥

Bffects Including
Dependent Pailures

System Inherent
Compensating Provision

Effect Upon
Control System

1

2.
3.

4
S.

b

K605B/Stean signal square
rooter

K606B/Feedvater f£low
signal square rooter

K607B/FPeed pump B speed
control signal loss

a.

b.

K618B/Recirculation loop
punp cavitation interlock
alarm

K628B/Feedwater pump trip
interlock/runback signal
to recirculation system

. K630B, C/Punction generator

K637B & C, K638B & C,
K638B-1 & C-1, R601B & C/
Feed pupp manual/auto trans-
fer control station

e Y el I
©
m
m
+

off

|Pail Loss
lof signal

Pail Low

Pail Low

I
|
|
=0££
[[134
}
|

Loss of signal input, zero

output from B train to
controller

Loss of automatic signal
input to the auto posi-
tioner for feed pump B

Runback signal transmitted

to recirculation systenm

Zero output signal

Loss of all autopmatic and
manual control of reactor

feed punp turbines B and C

e S e S e S s S A T . TP g P S g T (e S — S g T — T g G — g S G— S g S A S G S e S S — S G
&

*“Speed Preeze® on train
B initiated

No compensating devices

*Speed Preeze® on feed
punps B & C initiated

-

Loss of signals will in-
duce feed pumps to in-
crease flow in 3 element
control

Automatic control for
train B and C feed pump
is lost

Trip signals transmitted
to recirculation systenm

No manual override of
*Speed Preeze® clrcuit
is available on RFPT B
and C

RPPT speed is increased
due to the loss of train
B signal

i

————

Job MNo. 0160-004-671
Prepared by: Phonaniod, 222 22 s, :
Common Power Supply or Sensor; 1Y¥218 (120 VAC) to C32-K611 (24VDC) CsID: 0160-004-001 Date: 1. .9(2* e Rev. 2 __
= Checked by: PR — """ pate: 2]3ifE1.
Control System Affected: Reactor Peedwater Control System - (4 H 0160-004-015 Approved by: _ e bDates 22074 .
Symptonms and Local sSuRmarcys- sSummarys

Bffect Upon
Plant Pecformance

. Runback siynals sent to
recirculation systew

. Optimum water level may
not be wmaintained by
automatic control

Initiation of a "Speed
Preeze® at high punp
speed may result in a.
high level (Level 8)
trip

Initiation of a ®Speed
Preeze® at low puuwp
speed may result In a

low level (Level 2) trip

.
»

Y Y e L LR T

. A AV & T uTS

B NsaMas o
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FAILURE MODES AND EPFECYS ANALYSIS

Sheet __ & L of 17

P S Al v

e Y R A R AT Y R R

|
|Pail Loss
=o£ Signal

K607A/Alarm for feed pump
control signal loss

) |
K633, 634, 634-1, 653, R-600/|0£ff
Level controller

H

S. K637A, 638A, 638A-1, K-601A/

Of £
Peed pump A manual/automatic
transfer control station
6. K645, 646, 646-1, R602/ Off

Start-up, low flow control
station

B
e o e et e S G - G S G —— — S —— —— — G — G sy S Gy Su G S
.

Pails in ®Speed Preeze®
orientation

Since input signals are
reduced to zero, all
automatic control is lost

Manual control of all 3
feed pumps from a single
control station is un-
avallable

All automatic/manual
control of feed pump A
is lost

Por low feedwater flow,
manual/automatic control
of the start-up valve is
lost -

No compensating device
needed

Each pump can be con-
trolled by separate
manual control stations

Auto mode is disabled
for all pumps

*Speed Freeze® is ini-
tiated

Low flow conditions will
be altered by manual
control of feed pump
turbines

cannot be exercised

Loss of manual overcride
of feed pump A

Por conditions of low
feedwater flow demand,
control of feedwater
flow cannot be performed
via the start-up valve

Manual override of
*Speed Preeze® for RFPT
B and C is available

|
Job HNo. e B160-004-67) | R
. Prepared by: ___ 24 .t Do) e _. R
Common Power Supply or Sensor: 1¥218 (120 VAC) to €32~K612 (24VDC) CsID: 0160-004-001 pate: ISy RS T L R - R |
Checked by: & o vate: 11]31]§il
Control System Affected: Reactor Peedwater Control System CD: 0160~-004-015 Approved by: _ e m———a Date:,{y&ddi_-{
| |
| Symptoms and Local Summary: Suwmary: |
Conponent Name | rpallure Effects Including System Inherent Effect Upon Effect -Upon |
and Number Hode Dependent Pailures Conpensating Provision Control System Plant Performance |
— . .
1, a. K606A/FPeedwater- flow A Off . Control signals are lost . No compensating devices . Input signals via auto- . Low flow runback signal |
square rooter from train A natic monitoring of the transmitted to the re- |
reactor water level are circulation systen |
b. K616/Proportional ampli~ |Off . Input signals to the level lost - level controller . |
fier | - controller are lost cannot be operated in . |
- the auto mode |
c. K630Aa/Function generator Off . Input signals to each feed M
train A - punp control statlon are . Initiates a “Speed
reduced to zero Preeze® on trains A, B,
d. K60S5A/Stean flow A square |Off and C
rooter i .
| . Loss of all 1 or 3 mode
2. K624A/High level turbine |Pail Highl. Pails in high water level |. Trip logic (2/3) pre- level control
trip alarm mode vents an inadvertent
Level 8 trip resulting . Manual or automatic con-
. Level 8 trip logic (1/3) from a power failure trol of all 3 feed pumps
is armed from a sinyle station

"

[ ot e e s PP g P G S G S e D S S G P G R g T G S A S G S G G gt G G S e S G VR S G e s G e s
o S e B — T —— . ————— T — T f— S G S G— o —— — O — W —
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FAILURE MODES AND EFFECTS ANALYSIS

Sheet _Sa__ of 17

0160-004-671

Component NHame
and Number

|

Job MNo. — |

' Prepared by: ot NI R Xy L — {

Conmmon Power Supply or Sensor: 1Y218 (120 VAC) to €32-K612 (24VDC) CSID: 0160-084-001 Date: — Ty oo Rev, o i
. . Checked by: —< T pate: 1 2)3Eal
Control System Affected: Reactor Feedwater Control System CD: 0160-004-015 Approved by: e oo, Date: g7.__
Symptons and Local Sunmary: Sunmarys |

|

|

A

System Inherent
Conpensating Provision

Effect Upon

Control System

7. a. K618A/Recirculation loop
punp cavitation interlock

b. K628A/Peedwater puwp trip
interlock/runback signal
to recirculation system

| Pallure Bffects Including
Mode Dependent Pailures
Pail Low ]. Runback signal is trans-
mitted to the recircula-
tion systenm
Pail Low

e o e =t e A i B g T s S e P G S g S — S e M s T s - s S ot S G . G S g S s S0 st S8 g S S S S guner

.

- - ———

Effect Upon
Plant Performance

e P S

e
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tric automatic positioner

when in the auto mode .
- Manual override of
*Speed Preeze" avalla-

ble

>

Facility: Susquehanna Steam Electric Station PAILURE MODES AND BFPECTS ANALYSIS Sheet _6 of 17
Docket: 50-387, 50-388 .
] . |
1 Job Ho. __________-__ﬁIGU-Uyﬁyﬁjg_! _____________ |
1 Prepared by: _ |
|Conmon Power Supply or Sensor: 1Y218 (120 VAC) to €32-K613 (24VDC) Csip; 0160-004-001 Date; — e cmeane U
' Checked by: _;f L_____--... |
|control System Affected: Reactor Peedwater Control System Cbh: 0160-004-015 Approved by: e e ree coion oe }
{ e e e
{ ; ]
| Synptoms and Local Sunnarys Sunmarys: |
| Component Hame Pajlure BEffects Including System Inherent Bffect Upon Bftect Upon |
i and Number Mode Dependent Fallures Compensating Provision Control System | Plant Performance |
) e e __{
| - .
}J1. a. K602/Steam and feedwater Off . All output signals 4o to . No compensation is avail-l. In 1 element mode, a . Recirculation systen i
] signals gain and bias | | zero able or necessary | loss of bias and gain | receives a low flow |
| | | | | has no consequence runback slynal due to |
I b. K603/Steam flow signal jOf£ | | | the loss of the feedwdcerl
| gain and bias I | | }. In 3 element mode, the , flow siygnal |
| | | | | level controller output | |
] c. K6l15/Feedwater signal |Of£ | | | will initiate a speed }. Level 8 trip way be ini- |
i gain and bias | | | | increase of all 3 feed | tiated as the result of |
] | | | | pumps | speed increase of feed- |
| d. K605 C&D/Steam flow C and |Off | | | ] water puups |
] D square rooter | I- | l. Automatic control for | |
| | | | | feed pump C is lost {. The speed of puup C can- |
] e. K606C/Péedwater to train |Off | 1 | | not be increased due to |
} C square rooter { % { ‘ % the ®"Speed Preeze® =
I f. K649/Dynamic compensator =Off : : = = :
]2. K635/Bi-level trip alarm Pail Low |. Annunciators for high and |. Same as item 1 | ] A
1 | low reactor water level | i i i
| | are energized in the con- | | | 1
: : = trol roonm } . : : :
13. K636/High pressure alarm |ratl Highl. Annunciator for reactor |. Same as item 1 | | 1
{ . l high pressure is ene:glzed‘ 1 % =
14. K608/Steam level alarm Fail Low |. Low flow signal is trans-~ |, Same as item 1 | | |
} } mitted to conmputer } . : : {
|5. K607C/Peed punp speed signal |Fail Loss|. °®Speed Preeze® signal is |. "Speed Preeze" circuit | | i
: loss alarm unit of signal: transmitted to the elec- | is available for train C | . | :
| | |
| | | | ] |
l | | i | |
| i i | | |
l | } ] | I
l | | 1 | |
| | | | |
| | | | i |
| | | | | |
I ] i ! ! |
{ | | | ]
| 1 | | | |

- ———— e e A O . AR AT e R = W



Pacility: Susquehanna Steam Electric Station PAILURE HODES AND EPPECTS ANALYSIS Sheet _ 1 _ of 17 _.
Docket: 50-387, 50-388 -
- ’ Job HNo. ] . 0160-0U4-671 .
Prepared by:_$t§¢2¥ggh
Common Power Supply or Sensor: 1¥218 120 VAC CsSID; 0160-004-001 Date: \ _;;I \‘eeceew—e. ReVv. O ____
Checked by: | e Date: ,i/2 .
Control System Affected: Reactor Manual Control System (RHCS) Cp: 0160-004-015 Approved by: __ oo Date: A/
[ - .
Symptoms and Local Summary: Sunnary:

| |
| |
Component MNawme } pailure | Bffects Including System Inherent | Effect Upon
and Humber Mode | Dependent Pailures Compensating Provision | Control System
} !
_'} SUMMARY - REACTOR MANUAL CONTROL SYSwEM
1. Rod control unit operating Off I. See sheet 9 . Control rods cannot be . Pull core display is not
benchboard | operated due to a loss available
| of power to thesa sub~- .
2. Rod position information Off |. See sheet 10 systens . Operator signals-cannot
system ) 1 be transmitted to rod
I drive control
3. Rod sequence control system [|Off |. See sheet 8 .
| ] . . Rod position information
4. Trip unit, turbine pressure }off }, See sheet 12 is not available
5. Scram time test panel |Of£ . See sheet 11 . . Rod sequence control is
| i de-energized
6. Control rod drive hydraulic |Off . See sheets 13, 14 .
control . Rod movement limitation

|
|
{
|
|
|
|
l
|
|
|
1
]
|
|
1
|
|
|
!
|
|
|
|
|
|
|
|
|
!
]
l
|
|
!
l
|
|
|
|
]
|
]
|
]
|
]

e S50 s T G B s S g S G S g T g S . S g S g S g S e ST Gt B g S ] S . S G " S — —

agssociated with RCS are
still imposed

Scram timing test cannot
be operated

Effect Upon
Plant Performance

. Control rod movement is
not possibles

Power chunges cannot

be wade

Rod testing cannot be
accowplished (if in
proyress)

-
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Pacility:
Docket:

Susquehanna Steam Blectric Station
50-387, 50-388

FAILURE MODES AND EPFFECTS ANALYSIS

Common Power Supply or Sensoc:

Control System Affected:

1¥218 120 VAC

Reactor Manual Control System (RMCS)

CSID: 0160-004-001

CD: 0160~-004-~015

* Sheet _8 __ of 17
Job lo. — _0160~-0u4=-671 _ _________.
Prepared by: __g: T
Date: ,__\ z(cq........- Rev. ..? ——p
Checked by: '5 _________ Date: ;¢ 20 /6. .
Approved by: | Lotkies. .. oonn. .. Date: 15' p....

. Couponent Name

Failure

J Symptons and Local
Effects Including

System Inherent

Sunmacy:
Effect Upon

sunmpary: :
gffect Upon
Plant Performance

b. Rod pattern controller

-———-6——-—
m
[}

s e s S G e et Gt g

signals

Loss of test signals

Loss of memory circuitry
processing

Rod block contacts open
if closed and remain
open if already open

-

RDCC are activated

|
|
|
|
..
|
1

and Number Mode Dependent Falilures Compensating Provision Control System
:
1. Rod sequence control system/ | n . See sunnary sheet page 1 |. Rod block function with- 1I.
P659: draw and insert signals
a. RSCS page Off . Loass of timing and gating . to input isolation of

|
|
)
|
1
]
l
|
|
1
l
l
i
1
i
|
|
|
|
1
l
1
1
l
l
1
t
|
l
|
1
1
1
1
l
l
l
|
|
-L

— s s T vaasm————

RSCS rod movewent limita-

tions are invoked:

1. Prevents out-of-
sequence rods from
being moved

2. Linits wovewent of
out-of~-sequence rod

-
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b. Rod select switch assembly

¢. Rod select and transmitterJOff
nodule

|

%

Common Power Supply or Sensor: 1¥218 120 VAC CSID: " 0160-004-001 Date: e e iemee. RUV, d
Checked by: _ — _ ___ Date: . l

Control System Affected: Reactor Manual Control System (RMCS) Cbs 0160-004-015 Approved by: __ Date: 1§ZLZ§Z:EI
|

. ] | . i 1

\ | | Symptoms and Local . i Sunmary: Sunmary: ' |

Component Hame | pallure | Effects Including Systen Inherent | Effect Upon Bffect Upon 1

and Humber I Mode } Dependent Pallures Conmpensating Provision | Control System Plant Performance |

) | e )

] | | i

1. Rod control unit operating | | . See sumnary sheet page 1 |. Lose full core display . Loss of ability to selectl]
benchboard/P680: | § module and move control rods |

a. Pull core display wodule JOff |. Loss of full core display . 1

| . Lose rod select switch . .- |

=0£E . Switch assembly inopera- - |

I

1 |

|

1

|

tive

. Signals cannot be trans-
mitted to rod drive con-
trol

_

-

assenbly

Lose rod select and
transmitter module -
cannot transmit to rod
drive control system .

Lose rod worth minimizer
operator panel -~ initia-
tion

»

.
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Facility:

Docket: 50-387, 50-388

Susquehanna Steam Electric Station

PAILURE MODES AND BFFECTS ANALYSIS

-~

° Sheet 10

—

of 17_

- e ——————

- ——

|
I Job tio. . e _0160-004-67) ________...___
| Prepared by: __VY. e e e e e e siaram =
IComnon Power Supply or Sensor: 1Y218 120 VAC CSID: 0160-004-001 Date: LA ) e inraen. Reve O
| . ‘ ' Checked by: . B > J o T vate: Jife B
{Control System Affected: Reactor HManual Control System (RMCS) CD; 0160-004-015 Approved by:___431§£¢{¢:____,____,~ Date:_tyQ44ZL__
1 ———— e - v o = 1
I . Symptons and Local Sunnarys | Sunpary:
Component Name J Pailure Bffects Including System Inherent Bffect Upon | Bffect Upon
} and Number Mode . Dependent Pailures Compensating Provision Control System i Plant Pecformanca
| l. .
11. Rod position Information . See summary sheet page 1 Lose rod position output |. Control rod position
system/P615; : to scram time test panel cannot be monitored
a. Control module - control Of£ . All electrical control ~
file, multiplex file signals are de-energlzed . Lose rod position output
(control file) to 4 rod control file
. Rod position indicator Lose °*Rods In" signal to
probe signals are not pro- refueling hoist control R
cessed
Lose rod position in-
b, Hultiplex nodule (2) Of £ . Rod position indicator dication

probe signals are not pro-
cessed

‘.
¥
-
J
S
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R L L L LY Oyt



facilitys
Docket:

Susquchanna Steam Electric Statilon PAILURE MODES AND EPPECTS ANALYSIS

$0-387, 50-388

1¥218 120 _VAC 0160-004-001

0160-004-015

Comnon Power Supply or Sensor:

Control System Affected: Reactor Manual Control System (RMCS)

Job lo.

Prepared by:

Date:

Checked by:
Approved by:

———— i e e W S EEE E S mE W e -

AV

F

Sheet _1i __of 17

andaw

?

. 016U-004-671

- o ——— .-

Lo Y- -
G 2] " Date: s0/21/8:
A

~ TRev. o

Date:

Syaptoms and Local
Effects Including
Dependent Pailures

System Inherent

Component Hame
Conpensating Provision

Effect Upon
Control Systen

Summarys
Bffect Upon
. Plant Performance

©
m
[

Loss of rod position/
movement signal from the
rod position information

1. Scram time test panel/P610 . See summary sheet page 1

Loss of input from the
master clock from RDCC

Loss of scram tesE signal
from the output isolation
of RDCC P616

Loss the of scram signal
processing input to scran
time test panel from
reactor protection

. Loss of ability to neas-
ure scram time for con-
trol rods

e e e mm am el et

. Norwal operation of
control rods is not
affected - scram testing
function is lost

A
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Pacility:

Docket: 50-387, 50-388

Susquehanna Steam Electric Station

PAiLURB MODES AHND EPPBCYS ANALYSIS

Sheet _12 _of _17

Common Power Supply or Sensor:

1¥218 120 VAC

CSID: 0160-004-001

Job Ho.
Prepared by:
Date:
Checked by:

. 0166-0u4-671

PN ———
ey

. - - n —

o

summary:
Bffect Upon
Control Systenm

PT-1H054A, B

not processed

.

s L g I S et I Uy I R . S ———

Control.System Affected: Reactor Manual Control System (RHCS) (¢ H 0160-004-015 Approved by:
r—
Symptons and Local |
Couponent Hame Pailure gffects Including Systenm Inherent |
and Humber Mode Dependent Failures Compensating Provision |
l. Trip unit first stage turbine . See supmary sheet page 1 |
press/P613 |
a. SRU-1 Off . Instrument loop is de=- |
energized ]
|
b. Press indicating switch/ JOf€ . Contacts in gwitch remain |
PIS~11654A, B i - open |
| | RSCS P659

c. Pressuce transmitter/ Off . Signal from transmitter is i
|
|
|
|

- mE—— e v ew

. Pressure transmitter
signals are not processed

. Tcip unit signal is not
bypassed when low power
set-point is reached -
signal is not sent to

=

L LR R AR R I I R

Summary:
pffect Upoun
Plant Performance

Rod wmovemunt Limitations |

of RSCS are stil) preseuc|

even after low pover sSct-|

point is reached:

1. Cannot move out-ot-
sequence rod

2. Linits movement of
in-sequence rod

o S S g — — — —— A — S — - — T G Y G - G S —— . —— . g — — T — —
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- Pacility: Susquchanna Steam Electric Statjion FAILURE MODES AHD EFFECTS ANALYSIS Sheet 13 of 17 |
Docket: 50-387, 50-388
| - l
| Job No. ___o_1_6_u 0U4-672 e all)
1 Prepared by: _jL e e |
IComnon Power Supply or Sensor: 1¥218 120 VAC CSID: 0160-004-001 Date: --.--v--.. Rev, 1_5’__ |
1 . Checked by: ______ pate: 7o/, /87|
{Control System Affected: Reactor Manual Control System (RMCS) Cp: 0160-004-015 Approved by. ________ ..., Dates | fz__1
| : ‘ — ——————— .
i | ] * ] | { |
| | Symptoms and Local . | Sunpary: | sunmarys |
| Couponent HName | railure |- gffects Including ] System Inherent | Effect Upon | Effect Upon |
| and Humber Mode : Dependent Pailures = Compensating Provision = Control System = Plant Pecformance :
| e e — —_—
| | - i ] ] . i
11. Control rod drive (CRD) | | l. See summary shect page 1 |. Loss of automatic flow |. Normal control rod move-~ |
i hydraulic control: | | | | control capability. ment cannot be accom- )
1 } i | | plished due to loss of |
I a. Plow control station {34 | | |. Loss of system flow in- norwal control rod drive |
10-009A/8: | ] | dication hydraulic control in- |
1. PE-1H003/Flow element . Loss of power does not | strumentation |
effect flow element |. Differential pressure |
| 1indication required to |
2. FC-1R600/Controller . Controller does not send | properly adjust drive - |
! signals to converter . | water pressure control |
| * | wvalve is not available \
3, PY-1K00}/Converter . Converter does not re- i .
position to allow control l. Cannot maintain proper
air to reposition air- 1 differential pressure
operated valve | between reactor vessel
| and drive water header
4. FT-1H004/Plow trans- . Plow signal is not trans- 1
mitter | mitted to controller }. Loss of alarm indication
| | for high charging water
5. 1K600/Power supply | . Loss of power (AC to DC | header pressure
| conversion) to control/ ) d
= instrument loop \ ‘
b. Drive/cooling water pres- |Off i - .
|
|
|
i
|
i
|
|
|
|
|
|
|
|
|
}
}

sure control:
1. PDPT-1NO011/Differential
_ pressure

2. PDT-1NH008/Differential
pressure

Loss of transmitted
differential pressure
(reactor coolant/drive
water header) downstream
of pressure control
station .

Loss of transmitted
differential pressure
upstream of pressure
control station

e e e o o . e T o B G S o o S e = o o e e e g e e T Gt P G S G e S e G S ks G

o R L L LR R R T L)




Facility: Susquehanna Steam Electric. Station

Docket: 50-387, 50-388

PAILURE MODES AND EPFECTS ANALYSIS

Sheet _14 _ oX _i7

a

Comnon Power Supply or Senmsor:

Control System Affected:

1¥218 120 VAC

Reactor Manual Control System (RMCS)

CsID: 0160-004-001
Cb; 0160-004-015

Job HNo.

" 0160-004-671

X
axy ____Rev, __O__
=L

2
g;iggred by: _?égf%ﬂlk

Checked by:
Approved by:

Bt~ e S5~

Symptoms and Local

Summarys

Sumnary:
Eftfect Upon
Plant Pecrformance

Component Name fFallure Effects Including System Inherent Bffect Upon
and Number Mode Dependent Pallures i Compensating Provision Control System
3. PE~1H010, FT-1N009/ . Loss of cooling water
Cooling water flow £low indication
4. 1K600/Power supply . Loss of instrumentation/
control loop for pressure
control
5. PE-1H006, FE-11007/ . Loss of drive vater header
Drive header flow f£low indication
¢. Charging water header Off

pressure instrumentation:

1. PT-1H005/Pressure
transnitter

2. PISH-1N600/Pressure
switch

3. PAH-14604/Charging
water high pressure
alarm

Loss of charging water
pressure slgna} to switch

Loss of high pressure
signal to alarm

Loss of alarm signal
indication

e e e e e e e e e e e s s o e e e e e e s £ e e

P L LR LT L 7 Wy
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Sheet _15 |

- ) N -
- - . e ¢ G =t b P E TN AMA N AmE e ——————

Job HNo. 0160-004-671
Prepared by: __g@_" N Il
Common Power Supply or Semsor: 1¥218 120 _VAC CsSiD: 0160-004-001 Date: ! el L Reve o2, L
‘ Checked by: Yontl 902 D) bate: ,c q/'__
Control System Affected: Reactor Water Cleanup System (RHCS) (4} H 0160-004-015 Approved by: ___ W Pethiar oo bate: ,4%1_
|
Symptoms and Local summarys: Sunnarcys

Conponent Hame Fallure Effects Including System Inherent Effect Upon Bffect Upon
and Humber Mode Dependent Pailures Compensating Provision pont:ol System Plant Pecrformance
1. pifferential flow instrumen- | . RHCS system isolation . RHCS systen will continue
tation: | protection (in event of to operate normally - If
a. PT-1N036~-RWCS inlet flow |Off . Instrument loops de-~ener- |. RWCS Leak Detection high differential flow systew leakaye is preseut

PT-1N012-RWCS blowdown
flow

FT-1NH041-RHCS return flow
SRV1 i

e o e T g — . S T — T d—— N — S — — —— — — —— —— — T G f——— " ——t———— V—— " S e ) e tutn e

”
e e o e e s s e s B s P s, G g —— —— ——

gized

|
|
|
l
|
|
|
|
]
: Systen
Signal processing lost ‘
l

signal to isolation valves
HV-1F001, HV-1FP004 lost

due to RWCS systen
leakage) is lost

isolation will be pro-
vided by the RWCS Leak
Detection System

— . T o S G — — T g —— T g S aua S s T g S g S Gy P g S g S G S S S — — — — . S o — —— q—
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Pacility: Susquehanna Stean Electric Station PAILURE MODES AND EPPECTS ANALYSIS - Sheet _16 _ of _11 _
Docket: $0-387, 50-388
| -—-
| Job HNo. o\ PLEV-004-671 ..
i Prepared by: __ (g t0: thinctes
{Common Power Supply or Sensor: 1¥218 120 VAC CSID: 0160-004-001 Date; G Rev.  2_
| Checked by: TZZ:fc( IR Date: ~/</2¢
{Control System Affected: Recirculation Flow Control CD: 0160-004-015 Approved by: ____ e .- DAE: Ay -
!

Syanptons and Local . ‘summary: Sumpary:

Copponent Yame
and Number

Fajilure

Mode

Effects Including
Dependent Pallures

System Inherent
Compensating Provision

Bffect Upon
Control Systenm

Effect Upon
Plant Performdnce

1. Recirculation f£low control
systemn:

a. M/A transfer station and
speed control for Loop A

M/A transfer statfon and
speed control for Loop B

- Master Controller

Loss of the bus voltage
causes the following to
becone inoperative:

- Master Controller

- M/A Transfer Stations
A and B

- Speed Control Circuitry
for Loops A and B

The following reactor run-
back signals are trans-
nitted to auxiliary cic~ .
cuits A and B:

- Low flow from feedwater
system alarm/relay

- Low NPSH from feedwater
systen alarm/relay

Runback signals cannot be
processed because of the
loss of the above compo-
nents

Scoop tubes on the M-G
sets A and B will lock in
their last positions prior
to the bus failure

- Recirculation pumps
naintain previous speed

Indicators £o:'speed and
speed set point indicate
Zero

Scoop tube locking cir-
cuitry pernits recircu~-
lation pumps A and B to
paintain the flows prior
to loss of bus voltage

Kanual adjustment of the
recirculation pump speed
can be performed at the
H-G sets through posit-

ioning of the scoop tubes

. Speed controls for both
recirculation pumps are
lost until:

- Manual speed adjust- ,
ments are made

- Bus voltaye is
recovered

. Reactor runback signals
cannot be processed

. Recirculation flow rate
maintained at the value
prior to loss of bus
voltaye ; .

Variation of the reactor
power level caunot be
performed unless the re-
circulation flow rates
are altered via manual
positioniny of the scoop
tubes

. ews

s amA- p g, w3 mN- el
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Comnon Power Supply or Sensor:

Control System Affected:

1¥218 120 VAC

Traversing In-Core Probe (TIP)

CsID; 0160-004-001
Cb: 0160-004-015

Jobh to.

0164-004-67),

© e ———_—— —— -

Prepared by: ::g&;;vl};---_- -
AT i ceavn -a. REV.

Date:
Checked by:
Approved by:

N 2
=

177 p s

e mm e A N

Component Hame
and Number

P

- -

ilure
ode

Symptoms and Local
Effects Including
Dependent Pailures

System Inherent
Conpensating Provision

sSummary:
Bffect Upon
Control System

e ...
Dates /A28
Date:

V)2

. A ————— - S A S—— i v—— T =

.
(Y 4 A——a—r P

- -

Sumumary:
£ffect Upon
Plant Performance

1. TIP control and monitor:

a. Plux probe monitor/J600-2

b. X-Y recorder/J600-1

c. brive control unit/
J600-A-B

d. Valve Control Monitor-
Purge circuit

Off

(=4
m
m

o
»
[

—— e w— ———————-6————————-———-—
m
"

Plux detection processing
circult is de-energized -
No signal input to X-¥Y
recorder

Plotter drive circuit is
de-energized

Control circuit for pro-
cessing signals to the
drive mechanisu and in-
dexing is de-energized

Mechanism, computer and
X-Y recorder pen lift

. TIP can be isolated
through either of the
following:

- Isolation signal from
primary containment
reactor vessel iso-
lation system

Manual isolation
through shear valve
operation powered off
DC

Cannot record TIP flux
signals vs detection .
position

Loss of flux signals to
process conputer

Loss of control capabil-
ity to successfully pro-

cess signals to the drive

and indexing mechanisms

-

. Loss of ability to
operate TIP - Core flux
levels cannot be obtained

- - e ——
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Pacility:

Docket: 50-387, 50-388

Susquchanna Steam Blectric station

- ’

PAILURE MODES AND BPPECYTS ANALYSIS

Common Power Supply or Sensor:

1¥219 120 VAC

Control System Affected:

Reactor Manual Control Systenm

CSID: 0160-004-001
CD: 0160-004-016

Sheet 1 of: 2

— ——— T —— . W ML S & S R e G e Eet—

Job No.

U168-004~671

)

—— -

Date:

Prepared by: <Z IR

Dates ! e Reve o

Checked by: :7-}:..«1_&’ 2= Date: o .
W/ A 2

Approved by:

Conmponent Hame
and Number

Pailure
Mode

Symptoms and Local
Bffects Including
Dependent Pailures

System Inherent
Compensating Provision

Sumnmary:
Bffect Upon
Control Systen

Supmarys
Bffect Upon
Plant Performance

1. Control Rod Drive Temperatu:el

Monitoring:

a. The:nocoﬁple TC-{185)

b. Recorder RO18

Z
>

o
™
m

. Thernmocouple signals are
not processed

. Recorder is de-energized

. There are no Inherent
compensating provisions

Temperature signal from
the thermocouple is not
processed through the
tenperature circuitry

CRD temperature monitor-
ing/recordiny is not
available

CRD teuwperature informa-
tion is not available

Potential CRD hiyh temp-
erature condition cannot
be detected

- — 1 T o P 2 1 . U A— s S
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Pacility: Susquehanna Steam Electric Station PAILURE MODES AND EFPECTS ANALYSIS Sheet 2 of 2
Docket: 50-387, 50-388

Job Ho. — _0160-0U4-671 _ ___ ___ ]
‘ Prepared by: __ — - 5

Common Power Supply or Sensor: 1¥219 120 VAC CSID: 0160-004-001 Date: o ___4;_11T_ﬁ__,_;_muev. - .
Checked by: O ) I Date: ,_/2/ GO :

Control System Affected: Reactor Water_ Cleanup System (RWCS) CcD: 0160-004-016 Approved by: __ Jag§§z§z - ... .. Dbate: . :
Symptoms and Local summary: Summarys :

ture enerdized effect
TE-1H015/0utlet, tempera-
ture

TE-1N019/Hon-regenerative

w

|

|

l

|

|

|

i

{

|

1

]

|

| - heat exchange
: effluent
l
|
I
1
|
|
|
|
|
|
|

|
|
i
i
I
| ] | I |
| 1 | | |
| Component Hame | pailure | Bffects Including | System Inherent Effect Upon | Bffect Upon
| and Number : Hode : Dependent Pailures : Conpensating Provision Control Systemn | Plant Performance -
| c— i S SRS :
| | 1 { | ’
|l. Liquid radwaste/main conden- | | |- . Norwmal operation of the . Loss of abillty to udirect
| ser flow control instruments:| . 1 RWCS is not effected RWCS liquid to either
| a. PSL~1H013, PSH-1NO14, |off }. Plow control solenoid . Normal system flow return main condenser or liquid
| SV-14438 | | valve SV-14438 de-ener- to feedwater system is . Automatic operation of radwaste systen
i | | gizes shutting flow con- still available isolation valve to the
] | | trol valve to condenser/ condenser or liquid rad-
| | | 1iquid radvaste system wagste system is not
| i i avalilable
| l |. Pressure switch signals
! ] | high or low have no affect - . High temp. shutoff pro- N H
| | | on solenoid valve since tection for RWCS pump is .
| . | I it is already closed on lost . -l
| | | loss of power - . R " 5
| | - | . Ability to monitor key .
|2. RUCS pump cooling water high | | RHCS temperatures is lost
temperature shutoff: | i
a. TE-1H001A, B, 10££ l. Instrument loop de-ener=- . Ho inherent compensating
TISH-11002A,B = gized effect .
{. High temperature annun- . -
| clators are inoperative - B
3. RHCS temperature nmonitoring: | - B :
a. TE~1N004/Inlet, tempera- |Off {. Instrument loop is de- . No Inherent compensating P |
|
|
|
|
1

TE~1N006/Regenerative =
heat exchanges
effluent

TE-1N043/Reactor bottom
head drain

TT-1N045/Temperature
transmitter

e e e o e o e e e S = e S e 8t e i e i o e S e e S e S . e e A e B e e e e e o e o e
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Docket:

acllity:

susquehanna Steam Electric Station
50-387, 50~388

PAILURE MODES AND EFPECTS ANALYSIS

Job No. 0160-004-071
Prepared by: :_'ZSZ:_S',IX""’ T
Common Power Supply or Sensor: 1¥226 120 VAC CSID: 0160-004-001 Date: 2. )20 ceee Rev. 2 _
Checked by: _7 e ) Date: _Je/Li/f
Control System Affected: Nuclear Pressure Relief CD: 0160-004-017 Approved by: __ - e _. Date: Az
{ I
Synptoms and Local -Supmary: sSuppary:

Cogponent lNane

*
% Pailure

Bffects Including

System Inherent

Effect Upon

pffect Upon °
Plant Performance

and Number | Mode Dependent Pailures Conmpensating Provision Control System
—
1. SRV flow monitoring/DIV. II: | | . Division I safety Relief |. Loss of Division II
| valve flow monitoring Safety Relief Valve flow
a. Vibration transmitter {of£ . Transnitter unable to system 1s still available| monitoring capability
vr-14180 B1-B8 | transait £low information (powered by a different
| power supply)
b. Vibration indicating |Of£ Switch unable to indicate .

switch (high)

high f£low condition

»
.

e S0 e S o S T e B S S . T e T gy S s S ey S g S gy G g D s S G o
-

- — - — —

. Operator is unable to
monitor safety relief
valve flow for 8
pivision IXI SRV's

&

»
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Pacility:

Docket: 50-387, 50-388

Susquehanna Steam Electric Station

PAILURE MODES AND EFFECTS ANALYSIS

Sheet __2 _of _2

Common Power Supply or Scnsocr:

Control System Affected:

1Y226 120 _VAC

Reactor Hater Cleanup System (RWCS)

CSID: 0160-004-001
CD: 0160-004-017

Job Ho.
Prepared by:
Date:
Checked by:
Approved by: ___

. )
SLSTTTTTT pace: Lrni/e
----- o w- . Datc: ln— -

Syaptoms and Local

Summary:

strument loop is de-
energized

tepperature available
through TSH-11020/

TAH-14420 at the inlet to
filter demineralizer

I.
|
]
l
|
|
|
|
]
|
|
|
|
|
|
|
|
|
]
|
]
1
|
|
1
l
1
|
]
1
|
|
|
{
|
l
|
|
]
|
]

valves) is disabled-

«

e e e S s B . T IS T > P g T = T — T g S VI ity S e W G S, S gy W

. .' |
Component Hanme | Pailure | Effects Including ] System Inherent Bffect Upon I
and Humber = Mode | Dependent Failures = Compensating Provision Control System |
| )
| I ] |
1. Filter demineralizer tempera-} | ] Automatic RHCS systen i
ture instrumentation: | | | shutdown (pump and |
a. TE=-1H007, TE-1N008 Ooff |. Pilter denineralizer in- =. Alternate system high )
i |
| |

summary: .
Effect Upon
Plant Performance

e mmm s mmm s smse eswww seenmee s

RUCS system will stild
operate normally

Operator action is re-~
quired to ensure system
protection
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Sheet 3

————

signal processing to
valves

. Loss of power to trans-

porter

Bffect of loss of power
in 1-a. is the overriding
factor

Loss of the transporter
is enveloped by the loss
of power

RMCS does not
impact on the
scram function

A

Job bo. U160-0L4=67Y . ___ e
Propared by: ::ﬁ\ku;g- I
Common Power Supply or Sensor: - 1¥629 120 VAC CSID; 0160-804-001 Date: — RS oo .. Reve 2
Checked by: _ 2ee ... Date: (i z/Gl.
Control System Affected: . Reactor Manual Control System (RMCS) CD; 0160-004-018 Approved by: ___ e ebee oo bate: Jgﬁilfl___
i | |
| Synptoms and Local | Sunwary: | Sunmmpary:
Couponent MName { rPailure Bffects Including | Systen Inherent Bffect Upon i Bffect Upon
and Nunber I Mode Dependent Pallures = Compen§ac1ng Provision ' Control Systen } Plant Performance
] i | l
1. Rod Drive Control Cabinet/ | | |. The major effect on the |. Loss of reactor power
P616: | | | RMCS is the loss of power]| control through the RMCS
| | | to operate the HCU's; 1
a. Power Section (e} 44 . Loss of power to branch j. Can disconnect power to | therefore, no rod move- |. Loss of rod movement
i junction modules ] the system if the self | “ment is possible | capability during rod
I { test sub-system in the | | testing
| . Loss of power to logic | analyzer determines a |. Command signals cannot |
| power supply (RDCC elec.) = malfunction has occurred | be processed { '
|
. Loss of power to contact | {. The solenoid valves if | |
pover supply (external , | | in operation will fail | |
| | contacts to RDCC) l | shut; therefore, rod 1 . !
‘ | | ; | . | movenment will stop at I L {
b. .Activity Control Off |. Loss of input processing |. Effect of loss of power | the nearest mechanical | I
and lsolation | in 1-a. is the overridingl 1latch position | |
| factor | I | 1
. Loss of rod motion signal | }. All modes of operation I |
processing |. Loss of the activity | are lost - operator | 1
. | | control is enveloped by | control, scan, and self | |
| . Loss of rod motion | the loss of power | test : ; | |
| sequence timing signal { i 1 |
| | |. There is also a 1loss of | |
c. Analyzer B lof£ . Loss of system signal |. Bffect of loss of power | electrical output from | |
| comparison device | in l-a. is the overridingl the accumulator pressure/| . |
| - | factor | level limit switches, | - . 1
| . Loss of fault mapping | { scram valve position, | |
circuitry }|. Loss of the analyzer is | scram test | |
| enveloped by the loss of | i |
d. Branch Junction Module Off . Loss of "COMMAND® word | power l. NOTB: The loss of the | i
| | | |
| i | |
| I ] |
| l | |
| | | |
| | | |
| | | |
| | | |
| ] | |
| | | |
| | | |
| 1 |
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Docket:

Susquehanna Steam Electric Station
50~-387, 50-388

PAILURE MODES AND EFFECTS ANALYSIS

Sheet _la _ of

Common Power Supply or Sensor:

Control System Affected:

1¥629 120 VAC

Reactor Manual Control System (RMCS)

An

0160-0U4-671 _

Job HNo. Y
Prepared by: _U/ ).

CsiD: 0160-004-0012 Date:
Checked by:

_ Rev.

Cbh: 0160-004-018 Approved by:

Symptons and Local

Sunmary:

sSunpary:
Bffect Upon
Plant Pecrformance

mmmE.. .- IS S

Component HName Pailure Bffects Including Systenm Inherent Effect Upon
and Nunber Mode Dependent Pallures Compensating Provision Control System
e. Transponder. Off Loss of command signal . Directional control

processing from the trans-
ponder to the directional
control valves (HCU)

Loss of power to the
directional control valves
{ueco) »

Loss of accumulator pre-
ssure and the level limit
switch circuit

Loss of the scram valve
position switch circuit

Loss of the scram test
switch circuit

valves fail shut on loss
of power

v

PN

{2
:;zgéQZE ) — Date: i/, fey
Tl s )

l
l
]
l
|
l
l
1
l
I
|
i
{
l
1
|
l
l
|
1
l
!
|
I
1
l
|
l
l
}
{
L
|
l
I
|
|
|
|
|
|
1
!
1
1
l
1
1
|
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1. BFP-10604C1
2. PY-10604C1
3. PSL-10604Cl

|
] Job No. .. e oo gO160-004-67Y _ T ...
1 - : Prepared by: 20 4 e e e e ———————————ma
|1Comnon Power Supply or Sensor: 1¥Y629 120 VAC CSID: 0160-004-001 Date: Y7 - Y7/ § S Rev., e
| - Checked by: 722 oo TITIT' Date: %ﬁb/- T
|Control System Affected: Recirculation Plow Control CD: 0160-004-018 Approved by: __ e —ene-.. Date: /}9 .
Symptoms and Local summary: suprary:
Component Hame Pailure Effects Including System Inherent Effect Upon pffect Upon
| and Number Mode Dependent Failures Conpensating Provision Control Systen Plant Performance
: s
11. Reactor runback instrumenta- | | i |. Reactor rumback circuitry|. Plant performance is not
1 tlon: | | ] | 1is partially armed " affected
| a. Peedwater system train A; JOff . Low flow signal trans- .l. Bus failure will not | B
{ 1. PT-10604A1 | nitted from the feedwater system to react to the | . Recirculation flow is
| 2, PY-10604Al 1 systen control of reactor runback signal without identical to the flow
I, 3. PSL-10604Al i recirculation system run- the following inputs to prior to the loss of
’ | back circuitry to aux- auxiliary circuits A and power
{ iliary clircuits A and B B:
i - Low flow input from -
Peedwater system train B: |Off . Relay contacts in the feedwater system alarm
1. FT-10604B1 | auxiliary circuitry logic relay
2. FY-10604B1 i are activated as part of .
3. PSL~-10604B1 | the runback signal pro- - Circulating water pump .
| cessing
| - Low NPSH input from
Peedwater system train C: IOEE the feedwater system

. - .
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Susquehanna Steam Electric Station

PAILURE MODES AND EFFECTS ANALYSIS

Sheet _3 __

——— M ¢ W e Sem—

valve - intermediate
valve/SV=-10160A2 -~ F2

*As Is*

power supply either:
= Are not required at
operating speeds

Job Ho. 0160-004-671 ___
Prepared by: “Foaniale? 227 P} e i
Connon Power Supply or Sensor: 1¥629 120 VAC CSID: 0X60-004~001 Date: (94 e ___Rev. __O 1
Checked by: ; —— Dates _y l
Control System Affected: Pressure Requlator and T/G Control CD: 0160-004-018 Approved by: __/4)e4 - Date: 7\
. |
1 ] | | |
| i Symptoms and Local | | Summarys ] Sunmary: [
Component Hame | Pailure Effects Including | System Inherent i Bffect Upon | Bffect Upon |
and Number | Hode Dependent Pailures | Compensating Provision | Control System | Plant Performance N
: | | oot
1. Non-redundant power supplied | . l. Inherent compensating |. Loss of the AC bus vol- |}. 4/G tcip is actuated |
devices | | devices unnecessary for | tage without PMG results | when PMG 1s not providingl
) | | non-redundant power | in: | redundant electricl [
| | | supplied devices | =~ Loss of 24, -22, 30 VDC| power -~ otherwise nov ]
l | | | ] trip will occur |
a. Pirst stage pressure lAs 1s . Gain is not applied to |. The solenoid valves that | - Electrical trip system | |
feedback potentiometer | the signal which operates | fail "as is® will be | disabled f. Reactor scruw will occur |
| the control valves at | closed by ETS only if | : ] following T/G trip only |
| start-up - | loss of load occurs | - Both master trip pllot | if reactor power is |
| | simultaneously with loss | solenoid valves of the | greater than 30% |
| | of power supply | Master Trip Solenoid i |
] i i | becone de-energized i |
b. PA/PA transfer potentio- |As Is | . Modulating control is not | | | {
neter | | transferred from the stop | {. The Master Trip Solenoid | i
| - | wvalves to the control | | wvalve will close and | |
| | valves - } | results in: | |
| ] | | - Emergency Trip System | |
c. Load reference motor lAs Is 1. Automatic modulation of | | actuates to trip T/G | 1
| | the load reference signal | | | |
| | can not be conducted | |. At speeds sufficient to. | |
| | -The power/land unbalance | | operate the permanent | - |
. [ | clrcult cannot reset | { magnet generator (PMG), | |
| | load signal automatically} | redundant power for | 1
. i | . | | essential devices is | !
d. Bypass valve jack motor lof € . bisable manual position- | supplied | |
| ing of the bypass valves | - All 24, =22, 30 VDC | 1
| during start-up and cool- | operated devices | |
| | down | { | ; |
i | l |. Although several regu- | |
e. Pressure reference signal |Off . Manual control of pressure | lating control features | i
motor | set~-point is disabled =~ | will be unavailable, a | |
| No variable set-point | trip will not occur when | |
| pressure for pressure ] the PMG is supplying | |
| control unit's primary | redundant power | |
| pressure amplifier | | 'l
| }. At operating speeds, de- | 1
£. Past-acting solenoid lAs Is . Interwnediate valve falls { vices without redundant = =
| } | |
| i ! |
| } | |
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Job No. '

. Prepared by: TZ ol 2n )=

valve - stop valve/
SV-10141A - D

{
lAs Is
|
|
|
|
|

I'd
Yy

Sheet _3a _ of __3

H

LR T R R N L L L )

0160-004-671,

i
|
‘Common Power Supply or Sensor: _1Y629_120 VAC CsSID: 0160-004~001 Date: e Lt LBl e RV TR T
| Checked by: —¢70) -]%-.--.-““ Date: _Ye[z 5l .
IControl System Affected: Pressure Requlator and T/G Control: Cp: 0160-004-~018 Approved by: 7 /)Mazker. . ... ...... Vates | 2yt /P
| : e e s am e e e m & ey b A —————
1 ] . {
l { Symptons and Local Sunnarys | sSugmary:
Conponent Name ] pPailure Bffects Including System Inherent Bffect Upon | . gffect Upon
= and Number l Mode Dependent Pallures Compensating Provision Control System | Plant Performance
] . ] ]
| g. Past-acting solenoid IAs Is l. Intercept valve fails | - fail as is and have a |
1 valve - intercept valve/ | | “"As 18" | | hydraulic backup systenl
| SV-10160A1 - Bl | ! ] : ]
| : | i | - ®"Preeze® in its last |
i h. Solenoid valve - bypass IClosed . Bypass valves will fail | I configuration prior to |
{ valve/sV-1014A - E | | closed - the bypass sys- | | the failure of the AC |
| = { tem is disabled { } bus {
1 .
| 1. Solenofd test valve - 13 |. Inability to energize | i ]
] stop valve/SV-10142 ] | prevents valve position- | | |
1 I | 1ing by chest/shell warming| | |
1 ( { stop valve 1 { 1
| 1 | | | |
| j. Reset oil valve solenoid/ |OfE |. Cannot be energized to | | |
| SV-10123 | | reset mechanical trip | | i
| | ! valve I | |
| | | | | 1
| k. Lockout valve solenoid/ |Off |. Prevents lockout valve | | i
1 SV-10124 | | from bypassing mechanical | | i
| | I trip valve, whereby the | | 1
i 1 | mechanical trip valve 1 } |
} } ; remains effective ‘ . II - | .
]
1 1. 0il trip valve solenoid/ |OfE |. valve closes and prevents | i ) !
i SV-10122 | | acceptable hydraulic | | |
] | | pressure by closing mech- ) } . |
l = : anical trip valve } ll ;
| m. Closing solenoid valve lAs Is | . Intercept valve fails | | ‘ )
| intercept valve/ | | *As 1s° 1 | i
| SV-10160C1 - Pl | | | | 1
i | | | l . |
| n. Closing solenoid - controllAs Is l. The contrxol valves will ] . | 1 .
= valve/SV-10150A - D 1 : fall "As Is" } | |
| |
l o. Past-acting solenoid - %. Stop valve fails ®"As Is® I| ll - |l
| i l { |
l | | | |
I § | |
| { |
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Pacility: Susquehanna Steam Electric Station PAILURE MODES AND BFFECTS ANALYSIS

rm -

Docket:
l ) Ty . STmeSsEssmEsneeT ST AmmEEmanes
| Job HNo. e _b)6UL-O4-6Y -
{ Prepared by: el 23 D) e
|Conmon Power Supply or Sensor: 1¥629_120 VAC CSID: 0160-004-001 Date: el o ... Rev. O ____ | -
. . Checked by: gé 2 § ~Z77 pate: 221k
Control System Affected: Pressure Requlator and T/G Control CD: 0160-004-018 Approved by: U —— .. Date: i
|
| Symptoms and Local Summary: Supmary:

Effects Including
Dependent Pallures

Component Hare Pailure
and Humber Mode

System Inherent
Coppensating Provision

Effect Upon
Control System

Bffect Upon
Plant Performance

————— e & & B

p. Solenoid test valve - Of £ . Inability to energize

stop valve §3/5V-~10143

Solenoid test valve -
stop valve #4/5V~10144 |

prevents opening and
closing of valve when
controlled by positioning
unit in shell/chest warm-
ing stop valve

.
~

]

|

|

I

|

|

|

|

|

]

l

solenoid test valve - |
intermediate valve/ |
SV-10160A3 - F3 :
|

|

|

|

|

|

|

|

|

|

i

At operating speeds, re-

devicesy N dundant power is availa- .
ble from the permanent
a. Speed control Off . Loss of speed signals magnet generator (PMG)
b. Pressure control Off . Loss of pressure control . Several devices are -
essential at low speeds
c. Load control - |Off . Loss of power-load match- | without redundant powver -
ing | the emergency trip is
activated

©
"
m

d. Bypass control unit . Loss of bypass system, to
direct steam to condenser.
Required system at low

speeds

°
m
"

e. Automatic pressure set-
point adjustment

. Loss of pressure set=-point
signal to other systems

|
1
|
|
|
|
|
{
|
|
|
]
|
|
|
i
|
l
12. Redundant power-supplied
|
|
|
|
|
|
|
|
1
|
|
i
|
|
]
|
i .
| . Loss of main steam pres-

£. Main steam sensor/PT-10101|0ff ,
i sure signals

|
g. Intermediate steam pres- |Off
sure sensor/PT-10107

3

»

steam pressure signal
(power-level signal)

-

. Loss of intermediate

h. Electronic pressure trans-]Off
mitter in steam chest/ i
) PT-10102

Loss of steam chest pres-
sure signal

n
B L L L e L]
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Comnon Power Supply or Sensor:

Control System Affected:

1¥629 120 VAC

Pressure Regqulator and T/G Control

CSID: 0160-004-001

CD: 0160-004~018

P ——— AT AR W e A W e ———

Falilure
Mode

Symptoms and Local -
Effects Including
Dependent Pailures

Systenm Inherent
Compensating Provision

*  Job HNo. o _____.0160-00_4-671_ e
Prepared by: ,_ T2 —ym
Dpte: - (W V4 - wm-—
Checked by:; ,_ Az 12 —
Approved by: 7 W/ 2 NN fgl/ﬂ -

l .
Suprarys - Summary:

Bffect Upon
Plant Performunce

Effect Upon
Control System

-—_—-}------«--.--- N e N

circuit and logic

|
Component Name ]
and Number =
]

i. Servo valve - control loff
valve/XV-10148A - D |

j. Servo valve - main stop ,loff
valve/xv-10141 |
|
- |

k. Servo valve - intercept |Of£
valve/XV-10161A, C, E |
Servo valve - bypass |
valve/XV-10139A ~ E |
|

1. Auto load following unit {OEE

m. Prequency-voltage con- [OE£
verter =

n. Line speed matcher [[]43
{

o. Chest/shell warming (4133
1
|
|

v

.

Current/voltage converter [Off

Rate-sensitive power-load |Off-
unbalance circuit |

- |
valve positioning units {34
i
loff
|

Position transducer - con-|Off
trol valve/2T-10150A - D |

Master trip bus

|
Position transducer - mainlOff
stop valve/2T-10141A - D |

Loss of control valve
positioning

Loss of stop valve §2
positioning for chest/
chell warming

Loss of intercept valve
positioning

Loss of tracking signals

Unnecessary at low speeds

Loss of cliest/shell warm-
ing circuit. Required

in start-up mode (low
speeds)
Loss of converter

Loss of rate-sensitive
load control

Loss of flow control
Pails to energize
Loss of position feedback

signal to the position
unit in flow control

- aem
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Pacility: -Sasquehanna Steawm Electric Station PAILURE HODES AND EFFECTS ANALYSIS » Sheet _3d. of _ 3 _.
Docket:
’ Job No. . 0160-U04=67) __ v _._____
Prepared by: _Zar—er Z200 _
Conmon Power Supply or Sensor: 1¥629 120 VAC CsID: 0160-004-001 Date: 2 d o _._. Rev. O ——
* . Checked by: ; —————ee———. Date: .
Control System Affected: Pressure Regqulator and T/G Control Ch; 0160-004-018 Approved by: e, Dates .
Symptoms and Local sumpparys: sunpary: i
Component MName Pailure EBffects Including Systen Inherent Effect Upon Bffect Upon .
and Number Mode Dependent Pailures Compensating Provision Control System Plant Performance
Position transducer -~ Off
intercept valves/
Z7T10160A1 - El .
Position transducer - Off .
intermediate stop valve/
2T7-10160A2 - P2
u. Master trip solenoids Off . Both solenoids de-ener-

E

gized actuates Emergency
Trip Systen
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Pacility: Susquehanna Steam Electric Station FAILURE MODES AND EFPECTS ANALYSIS

Docket: 50-387, 50-388

Sheef 1__of

Common Power Supply or Sensor: PE-1H001A, B, C - Plow Elements CSiD: 0160-004-001

Control System Affected: Reactor Peedwater Control Systen CD: 0160~004-020

Job Ho.

0160~004-671

Prepared by: A L W

Date: —_ 2, 1 L8 Rev. Qo
Checked by: _W;;D;;ﬁ‘:é —__ Date: <
Approved by: __ )% e _ Date:

s¥mptoms and Local
Effects Including
Dependent Failures

System Inherent
Compensating Provision

Component Hame ) Pailure
and Number Mode

sSummarys
BEffect Upon
* Control System

Summarys
Effect Upon
Plant Performance

1. Peedwater flow signal in-
strumentation:

. There are no inherent

Flow element/PE-1H001A, B, C*|Pail High
' compensating provisions

. High flow level signal
from 1 of 3 sensors will
be transmitted to level

controller

1

. There are no inherent
systen compensating
provisions

Low flow level signal
from 1 of 3 sensors will
be transmitted to level
controller

=Pa11 low

L)

. bevel 2 and 3 trips

.

Upon failing high, the
feedwater siygnals are
summed together and fed
into the control systenm

The sensed flow rate will
be too high to maintain
the desired level

The feed pumps will re-
ceive a speed runback
control signal from the’
level controller

The reactor water level
signal will in turn
counteract the flow sig-
nal and attempt to
stabilize the water level

may occur in dynamic
transient

Upon failing low, the
control signal speeds up
the reactor feced pumps to
counter lower feedwater
flow rates.

The reactor level will
rise and in turn attempt
to counteract low flow
signal Level 8 ttig

may occur in dynamic
transient .

. There will be no atfect
on plant pertforwance
unless uLgvel 2 and 3
trips are reached

. %here will be no affect
on plant perforuance
unless Level 8 trip is
reached

* Agsumes failure of one element only, FMEA is the same for any one element fallure.



~ : -~ -
) I.:’ ’ “‘h )’ (‘I ‘.
el L = *t}..

FPacility: Susquehanna Stean Electric Station FAILURE MODES AND EFPECTS ANALYSIS Sheet _2 __of __2
Docket: 50-387, 50-388 .

Cormon Power Supply or Sensor: PE-1N00)A, B, C - Plow Blemeﬂ:s CSID: 0160-004-001} Date;

Job No. 0-004 671_______--....
Prepared by: :‘_‘@ -g —-/, -

__________ Rev. __&_
. Checked by: 7,:121______ Date: __%
Control System Affected: . _Recirculation_Flow Control CD: 0160-084-020 Approved bys ____________- Date.__

¢
{
1

Symptons and Local - Sunmary: | Suamary:

Conponent Name Pailure Effects Including System Inherent Bffect Upon | Effect Upon
and Nunber Mode Dependent Failures Compensating Provision Control Systenm ] Plant Performance
|
|
1. Reactor Runback Signal } -
Systen: - |
a. Flow element, Pail nigh|. Ho low flow runback . There are no inherent . Loss of ability to moni- |. Plant performance is

FE-1NOO1A, B C signal associated with

instrument failure

tor actual low flow con~
ditions from the failed
instruments

compensating provisions

{
|
|
|
i
{
|
Instrumentation-Feedwater =
]
i
|
]
1
!

Reactor runback circuitry
is partially armed

Recirculation control
systen will not react
to the runback signal
without the following
inputs to the auxiliary
clrcuits:
- Low flow input from
feedwater systen
Alarm/Relay

Pails Low|. Low flow signal trans-
mitted from the feedwater
systen control of reactor
recirculation system run-
back circuitry to auxil-
fary circuits A and B

Plant perrforwance is

not affected.

Recirculation flow is
identical to the :low
prior to instrument's
failure

|. Relay contacts in the

| auxiliary circuitry logic
are activated as part of
the reactor runback signal
processing

- Circulating water pump
trip input

Low NPsu'input fron

R
A
Al
A
7e,
i}
1
i
]
|
|
]
|
|
!
}
!

not affected }
1

|

!

|

1

1

1

|

|

1

I

l

|

!

|

]

fecdwater system |

v

e e e e e e e e e e e e e e e e e

|
]
|
] |
| |
| |
l |
1 I.
] ! |
| 1 |
] | l.
| ! |
! ! ]
l ] {
1 1 |
| | |
| ! |
| l |
1 | 1
| ] |
| 1 |
l l h I - -
| | 1
l 1 |
l 1 1
| ] |
| | l
| | ]
1 | |
] | {
1 I |
! | |
| ! 1
| 1 )
| 1 |
] | |
| | 1
| 1 |
| 1 l
1 1 A

*+ Assumes failure of one element only, FPHMEA is the same for any one fallure.
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Paciltiy: Susquehanna Steam Electric Station
Docket: 50-387, 50-388

PAILURE MODES AND EPPECTS ANALYSIS

Sheet _1 __ of 1

| .
| Job Mo, PR 0160-004-671
| Cascading Power Supply Effect - Prepared by: _7_(1-_,_..
|Common Power Supply or Sensors ©_1¥218 and _1¥219 120 VAC CSiD: 0160-004-001 Date: . Rev, __ 0O
| ] Checked by: __ T Date: _jufer
* |Control System Affected: See Note : (iH 0160-004-019 Approved by: . bate: | y)
| - -
1 i i ] . |
I - | Symptons and Local | Sunpary: | Summary:
Component Hame | Pailure Effects Including | System Inherent Effect Upon | Effect Upon
= and Rumber = Hode Dependent Pallures } Compensating Provision Control Systen i Plant Performance
| e e e e e

| | ] ] .
1 l 1 } i |
| ! l l I 1
i | | | |
| l | i | -
i | | | |
| 1 | ¢ I | I .
| | | | | |
| | | | I |
l | | | | |
‘ Note: Tklme PMBAS £<I>|: these power supplles are a?dressed individually under %1218 and 1¥219, respectively.

. 1
1 1 i | i l
| | | l | |
| i l | | |
| - | | 1 l N
} l |
| | . 1 .
| | |
1 1 | | | |
i . ] | | | |
I I ' . L
| . 1 |
| l . |
i | |
! oo | | R
| { | 1 | |
| | | I ' | | /
| i | | . | |
1 | | i i |
| 1 l | i .
l | l . | ‘ | ]
] 1 | | 1 |
i | I i | |
1 | 1 l | |
| . } ] | i |
] 1 | | | |
| | | | i {
| i 1 1 | N -
| | 1 | | | .
| ! | 1 | | S
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