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1. INTRODUCTION

This document is submitted in compliance with condition 2.D.1 incorporated
into the Oyster Creek Nuclear Generating Station Provisional Operating License
as part of Amendment No. 8 dated May 24, 1975. The condition states that:

"Within 30‘ days {rom the effective date of this amendment the
licensee shall submit for NRC review and approval proposed
design modifications which will enable the facility to automatically
accommodate a single passive failure of the emergency diesel gen-
erator bus without adverse effect on the ability of the ECCS system
to conform to the evaluation submitted to demonstrate compliance
with 10 CFR 50.46 in the applications for license amendment set
forth above. Such modifications shall be completed within 30
days after approval, or within such other time as may be specified

in such approval."

The safety evaluation in support of issuance of Operating License Amendment
Number 8 contains a section entitled "Evaluation of ECCS Performance" in
which the postulated coincident occurrence of a core spray line break and

a passive failure of the unbroken spray system main electric bus results in

a conclusion that the design must be revised.

The Oyster Creek Core Spray System design modification proposed herein
consists of interchanging the electrical feeders in one set of redundant electri-

cally driven components for each of the core spray loops.

In addition, the design effort which produced the modification described
herein was expanded to encompass a number of the potential single failures
which were postulated as a resalt of the single failure analysis presented

in conformance to license condition 2.D.2 of Amendment No. 8 to the Oyster
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Creck Provisional Operating License. This is presented as Attachment I to this
submittal. Section 2 presents the modification details and Section 3 indicates
the system characteristics relative to the existing system with consideration i

given to the single failure improvements.

A safety evaluation was conducted and is presented in Section 4. Consider-
ation has been given to the modification interface with existing safety systems,
the diesel capability to accommodate the revised loading sequence and the
improvement which will be experienced over previous ECCS performance
analyses for the core spray line break with respect to 10 CFR 50.46. In
addition, a single failure analysis for the modified system has been performed

and is included in Appendix A as part of the safety evaluation.

A realistic schedule for implementation is given in Section § and reflects the
need for approximately ninety days, subject to the availability of material and

the extent and duration of the Commission review.



2. DESCRIPTION OF MODIFICATION

2.1 Objectives of the Modification

The major objective of the modification described herein is that under all
conditions the ECCS rﬁodiﬁcation shall enhance the system capabilities by
enabling it to provide core cooling water for a postulated core spray line break
(LOCA) coincident with a single failure of the diesel generator or diesel gen-
erator bus which is currently configured to power the unbroken core spray

locp.

With this set of circumstances, the ECCS shall deliver to the reactor core the
required quantity of coolant at the required pressure and flow rate to meet
the acceptance criteria set forth in Code of Federal Regulations, Title 10,
Part 50, Section 50.46 and Appendix K (effective 2/4/74) .

This is accomplished by the FECCS active subsystems consisting of the spray/
booster pumps and valves for each flow path being powered by separate and

+~edundant vital power sources, under the conditions set forth above.

2.2 Modification Details

The core spray system design modifications will enable the facility to
accommodate a single passive failure of either diesel generator bus without
any adverse effect on the ability of the ECCS system to coform to the evalu-

ation submitted to demonstrate compliance with 10 CFR 50.46.

The existing AC load diagram for the core spray system components is pre-

sented in Figure 2-1. The modification to the existing load diagram is




presented in Figure 2-2. No change to the DC load schedule is required by

the modification.

The modified load schedule enables both core spray fluid systems to function

if one diesel generator bus is out of service, This was accomplished by power-
ing redundant spray' system components (i.e., components associated with

a single core spray fluid system) from opposite buses. Each diesel generator
can support the power requirements of two independent core spray fluid

systems,

The existing core spray system actuation logic is presented in Figure 2-3.
Modification of iiie existing logic is presented in Figure 2-4. The modifica-
tion does not alter the normal core spray system start sequence. Additional
constraints or conditions have been added to the start sequence logic so

that one of the two existing diesel generators will not be required to support
the load transient associated with the simultaneous starting of any two core
spray system pumps. To assure that the control logic cannot command the
simultaneous starting of twe pumps on the same diesel generator bus, inter-
locks have been added to provide concurrent start sequences for both core
spray fluid systems. The ¢ t sequence interlocks increase the start sequence
reliability. The modification to the control system logic will automatically
start both diesel generators and initiate the core spray system pump sequence
in both fluid systems if either a low-low reactor level or a high drywell
pressure signal is present in any one of the four core spray system logic

channels. :

With the modification, the start sequence interlock must be inhibited when a
logic channel is in test to prevent test signal starting of the pumps in the loop
not being tested. Four keylock switches will be used for this purpose (one

for each logic channel) . Only a single key will be available to assure that
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only one start sequence interlock circuit can be disabled. An alarm in the

control room will indicate when any start sequence interlock ~ircuit is inhibited.
After logic channel test, the control room has a positive indication wnen the '

interlock circuit is restored.

Figure 2-5 presents the core spray control system pump start sequence block
diagram for the modification. The diagram depicts the starting sequence
associated with fluid system 1. All interfaces with fluid system II have

been identified. The starting sequence associated with system Il may be
directly translated from Figure 2-5 by substituting system II for system I
and bus 1D for bus 1C. The nominal starting sequence is highlighted by the
bold block outline. Figures 2-4 and 2-5 disclose that with the nominal start-
ing sequence, each core spray fluid system is available ten seconds after the
start signal sequence and power is available at the associated bus. If no
power is available at one bus, both fluid systems will automatically start.
The fluid system with the preferred pumps operating is available ten sec-
onds after the start sequence signal. The other fluid system is available

fifteen seconds later.

The core spray system responsiveness to valid start sequence signals has
been enhanced by the modification. The existing system will initiate the
start sequence for one of the two fluid systems after a single high drywell
pressure signal or a low-low reactor water level signal is present in the con-
trol system logic. The modified system will initate the start sequence for
both fluid systems after the first high drywell pressure signal or low-low

reactor water level signal is present in the control system logic.

The modification will be designed, engineered, and installed in accordance

with criteria equivalent to or better than that to which the original system was
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built. Present day criteria will be used where it can be reasonably and

practicably applied, and will result in significant safety improvement,
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3. CHARACTERISTICS OF THE MODIFIED SYSTEM

The system design modification greatly enhances the ECCS availability

and performance during the design basis condition (i.e., postulated LOCA).
Features which shall be incorporated into the ECCS based on the designed
modification are subsequently presented. The design modification addresses
the ECCS core spray system (CSS) and the automatic depressurization

system (ADS).

3.1 Core Spray System

The features to be incorporated into the CSS are as follows:

(¢} A CS8S actuation logic channel shall initiate operation of its
assigned fluid system via the preferred spray and/or booster
pumps and their associated power source and via the alternate
(backup) spray and/or booster pumps which are powered by a
separate and independent power source from the preferred
pumps. An actuation channel shall start the alternate spray and/or
booster pumps when the respective preferred pumps of that loop

do not start.

0 A CSS actuation logic channel shall open its redundant and
independent valves in its assigned fluid sytem with similarly

redundant and independent power source configuration.

(¢] The tripping of a single input parameter (i.e., low-low level or
high drywell pressure) shall initiate the CSS start sequence in
the actuation channels for both spray systems I and II, which
will result in commanding both 2500 KW diesel generators to start.

3-1



[ The spray/booster pump and suction/isolation valve motor con-
trol center (MCC) assignments have been selectively rearranged,
thereby enabling both spray systems I and Il to operate at rated
conditions based on either of two independent and redundant power

sources.

0 The power source breakers for the test recirculation bypass valves
(1.e., V20-27 and V20-26) and the discharge (test) valves (i.e.,
V20-12 and V20-18) shall be locked out (off) during non-test opera-
tional periods. Valve position indication shall be maintained in-
dependent of breaker status.

0 Keylock test switches to enable testing of the CSS actuation chan-
nels shall be installed. The test switch permits testing of an
individual actuation channel independent of the intzrchannel inhibit
interlocks. When testing an actuation channel, the interchannel

inhibit is annunciated in the control r "m.

These design features enable the CSS to achieve operational advantages not

afforded by the currently installed system.

A summary of operational enhancements is presented below. Table 4

of Appendix A can be compared with Table 6 of the existing ECCS single
fallure analysis to demonstrate the favorable impact of the modification with
regard to the single failure vulnerability of the ECCS systems. This is
accomplished as follows.

o The modified actuation channel logic and the reassignment of

motor power sources enable the system to provide rated coolant




flow conditions in both core spray fluid systems I and II under all
combinations of a postulated LOCA coincident with a single active
mechanical or electrical failure or a single passive electrical
failure. Of particular emphasis is the ability of the CSS to provide
rated coolant flow to the reactor vessel when the postulated LOCA -
occurs at one CSS pipe-reactor vessel interface and either 4160 VAC
bus 1D or 1C has failed . (See Attachment I, Items 211, 212, 553,
and Attachment II, Items 211A, 212A, 553A and Figures 2-2, 2-9.)

The reassignment of CSS component power scurces has corrected

the system vulnerability to single failure of undervoltage relays
27X-1C, 27X1-1C, 27X-1D, and 27X1-1D. No single vital bus
undervoltage relay failure can prevent spray system I or II from
operating. (See Attachment I, Items 517, 518 and Attachment II, Items
517A, 518A and Figures 2-2, 2-4.)

The modified CSS actuation logic initiates total system response
(diesels 1 and 2 start and systems I and Il pressurization) upon
the receipt of a high drywell pressure signal or a low-low reactor
water level signal to a single actuation channel. (Sec Attachment
II, Items 509A, 514A and Figure 2-4.)

The locking out of the "test" valves power source breakers assures
that no single hot short shall cause the "test" valve to go to a state
which prevents or perturbs the spray systems I and Il from operat-
ing at rated conditions. Valve position indications, independent of
valve operator power, will be provided in the control room. (See
Attachment I, Items 804, 816.)

The drywell pressure switches RV46B and RV46C shall be reassigned

to CSS actuation channels C and B, respectively. (See Attachment II,
Item 576A and Figure 2-4.)
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o The installation of an additional hooster pump minimum recirculation
valve (V-20-94 for System I and V-20-95 for System II) in parallel
with the existing valves. (See Attachment I, Item 806 and Attachment
II, Item B06A and Figure 2-7.)

3.2 Automatic Depressurization System (ADS)

In addition to upgrading the CSS, the design modification shall concurrently
enhance ADS performance. These modifications shall be as follows:

o CSS relay 16K115C will enable ADS relay 16K214B.
o CSS relay 16K115B will enable ADS relay 16K215A,
These modifications shall eliminaic the following single failure:

(o] The failure of vital DC panel D or E shall not prevent the ADS from
initiating reactor depressurization. (See AttachmentI, Item 310.)

3.3 Emergency Condensers

As identified in the Failure Mode and Effects Analysis (Table 2 of Attachment I,
Items 211 and 212) a loss of power to motor control center DC-1 can prevent
both emergency condenser isolation valves (V-14-34 and V-14-35) from operat-
ing. This will prevent both emergency condenser systems from initiating.
Figure 2-8 shows the present configuration.

0 The modification will enable at least one system of the emergency
condensers to operate in the event of a loss of power to motor
control center DC-1. The modification consists of disconnecting
the motor operator of emergency condenser isolation valve V-14-35
from MCC-DC1 and connecting it to a separate motor starter whose
power source will be the 125 VDC distribution center A as shown
on Figure 2-9. Table 5 of Attachment II is the Failure Mode and
Effects Analysis for this modification.

3-4 Revision 1, July 15, 197§




q. SAFETY EVALUATION

4.1 Cove Soray Modification Interfaces With Existing Systems

Presented herein is a discussion cf the modifications and their respective inter-

face and impact on existing systems.

4.1.1 4160 VAC Emergency Switchgear, Bus 1C and Bus 1D

The 4160 VAC emergency switchgear bus 1C and bus 1D are supplied by
diesel generators 1 and 2, respectively, or the offsite power source.

The design modifications presented herein do not alter this configuration.

The principle CSS related load assignments for the bus 1C and bus 1D are
substation bus 1A2 and bus 1B2, respectively, and two 500 hp core spray
pumps on each bus (1C and 1D). Currently, core spray pumps NZ01C and
NZOlA are assigned to bus 1C, while pumps NZ01B and NZ01D are assigned
to bus 1D. Based on the CSS modification, two of the core spray pumps
shall be reassigned relative to bus 1C and 1D. The revised spray pump

assignments are as follows:

0 Bus 1C: Core spray pumps NZ0lA and NZ01D

(s} Bus ID: Core spray pumps NZ01B and NZ01C

The net effect of this modification is to enable both core spray systems I and Il
to establish rated spray pump operation as a function of two independent and
redundant AC power supplies. There is no change in the number of 500 hp
core spray pumps assigned to a 4160 AC emergency switchgear bus (i.e.,

1C or 1D).
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Based on the revised philosophy of operation, both CS8S 1 and II must supply
rated core spray when one of the vital AC power sources (i.e., bus 1C or

bus 1D) is unavailable. The load on the associated diesel generator .s in-
creased by 800 hp. The load increase is due to the operation of the preferred
spray (500 hp) and booster (300 hp) pumps associated with one core spray
fluid system and in addition, the alternate spray and booster pumps associ-
ated with the other core spray fluid system. Under normal operating conditions,
that is both bus 1C (diesel generator 1) and bus 1D (diesel generator 2) opera-
tional, each vital bus (i.e., bus 1C or 1D) shall provide power to the preferred
spray (500 hp) and booster (300 hp) pumps associated with a single core

spray system. The load schedule for an emergency switchgear bus such

as bus 1C (diesel generator 1) for normal operation and for operation assum-
ing a bus (bus 1C or bus 1D) is unavailable is presented on Page 4-3. The
load schedule reflects both the nameplate rating of each load and the load

required to achieve rated condition.

Each diesel generator has a nominal rating of 2500 KW. The estimated loads,
when based on the nameplate ratings of the motors, exceed 2500 KW. However,
the actual load of these motors when operating at rated conditions reduce the
total bus load to 2500 KW. Each of the existing diesel generators is fully capable
of carrying the 2500 KW load.

Tests have been successfully performed on the diesel generators at the plant
to ascertain the capability of a diecel to start a 1000 HP condensate pump while
carrying a load of 850 HP. Since these tests imposed more severe transient
loads on the diesel generator than anything outlined in the foregoing starting
sequence it can be con<ervatively assumed that starting transients with the

CSS modification are acceptable.
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Normal Operatxon“) (Bus 1C and Bus 1D Available)

Nameplate Rating

Rated Condition

Emergency Lighting (immediately) 70
Instruments, Contiols, M.sc. Small 250
Motors, and System Losses (immedi-

ately) :

Closed Cooling Water Pumps (immedi- 200
ately)

Standby Gas Treatment (immediately) 70
Co. » Spray Pump (immediately 500
on command)

Core Spray Booster (5 seconds 300
after CSP)

Control Rod Drive Feed Pumps 250
(After booster discharge pressure

attained)

Service Water (2 minutes delay) 250

Containment Spray (45 seconds delay) 300

Emergency Service Water Pump 400
(5 minutes after containment spray)

Normal Operation Total 2590 HP
Category I Load

Additional CSS ?) Loads (Bus 1C or Bus 1D Unavailable)

Additional Core Spray Pump 500

(5 seconds after first booster)

Additional Booster Pump 300

(5 seconds after additional CSP)

Total Category I Load which must 3390 HR
start automatically

Equivalent KW 2528 KW
Assume 95% efficiency for 2646 KW

large motors, total load

{1) Load sequence identical to existing load profile.

70

250

176

70
462

285

252

252

237
405

2457 HP

462

285

3204 HP

2390 KW
2500 Kw

(2) Additional loads imposed based on the proposed CSS modification.



4.1.2 460 VAC Substations 1A2 and 1B2

The independent and redundant bus 1A2 and bus 1B2 are powered from bus 1C
and bus 1D, respectively. The design modification does not alter this power

service network.

Currently, CSS booster pumps NZ03A and assigned to bus 1A2 and CSS booster
pumps NZ02B and NZ02D are assigned to bus 1B2. Under the proposed modifica-

tion the pump-bus assignments are as follows:

o Bus 1A2: CSS booster pumps NZ03A and NZ03D

0 Bus 1B2: CS8S booster pump NZ03B and NZ03C.

The net effect of the modification is no load change on bus 1A2 or bus 1B2,
but enhanced capability for CSS 1 and II through the use of independent ana

redundant AC power sources.

4.1.3 460 VAC Vital MCC 1A2 and MCC 1B2

The vital MCC busses 1A2 and 1B2 are energized, respectively, from substation
buses 1A2 and 1B2. The design modification does not alter this network.

Currently, vital MCC 1A2 provides power to both CSS System I isolation
valves (i.e., V20-15 and V20-40) and alternate power to the MCC 1AB2 bus
via the automatic transfer switch. Vital MCC bus 1B2 has no CSS associated
load other than providing power to MCC 1AB2 via the automatic transfer switch

(ATS) .



Subsequfant to ihe modification, the load pattern shall be as follows:

o Vital MCC 1AZ2 - System I isolation valve V20-15 and ATS.

0 Vital MCC 1B2 - System I isolation valve V20-40 and ATS.

The net result of this change shall be a balanced CSS load on the respective
busses. In addition, CSS I shall be enhanced via an independent and redundant

isolation valve power source configuration.

4.1.4 460 VAC MCC 1AB2 and MCC 1A21B

Currently, MCC 1AB2 provides power to the CSS II isolation valves V20-21

and V20-41. MCC 1A21B provides power to System I recirculation valve V20-27.
Subsequent to the modification, MCC 1AB2 shall power CSS I V20-41 only

and MCC 1A21B shall power CSS I V20-27 and CSS II V20-21.

The result of this modification is to assure an independent and redundant

CSES 1I isolation valve-power source configuration.

4.1.5 460 VAC MCC 1A21A and MCC 1B21A

As presented on Figure 2-1, the currently configured MCC 1A21A provides
power for CSS I suction valves V20-32 and V20-3 and CSS I discharge (test)
valve V20-12. MCC 1B21A powers CSS II suction valves V20-4 and V20-33,
CSS 1I recirculation valve V20-26, and CSS II discharge (test) valve V20-18.

To provide &n independent and redundant valve-power source configuration,
the suction valves V20-32 (CSS 1) and V20-33 (CSS 1I) shall be reassigned



as shown on Figure 2-2. The current recirculation and discharge (test) valve-
power source urrangement meets the independent and redundant power

source requirements.

4.1.6 Automatic Depressurization System (ADS)

As discussed in Section 3.2, the design modification concurrently enhances

ADE performance.

4.1.7 Other Interfaces

During the evolution of final design, all other interfaces that may exist will

be identified and evaluated,

4.2 ECCS Analysis Considerations

The core spray line break loss-of-coolant accident, when coupled with a

single failure of the diesel generator or a diesel generator bus fault which
provides power to the unbroken core spray loop, has been analyzed and

found to require operator action in order to mitigate the effects of the acci-
dent. The modification to the ECCS system described in this submittal provides
the system with the capability to automatically respond to the above failure
assumptions and to satisfactorily mitigate the effects of the accident in com-

pliance with 10 CFR 50.46 without operator action.

The response of the modified system to the core spray line break and diesel
generator fallure or diesel bus fault in the unbroken loop is such that the sys-
tem will be capable of automatically delivering rated core spray under the
conditions of high drywell pressure or low-low water level and permissive

system pressure. The effect on the peak cladding temperature in this case
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can be seen from Figures 20 and 24 of our April 28, 1975 analysis. The core
spray isolation valves will automatically open v;hen system pressure reaches
285 psig. This occurs when the water level is slightly below the top of the
active fuel. From that point on, the water level behavior can be considered
to behave analogously with the feedwater line break presented in Figure 25
for comparison purpc;ses. On this basis, the water level will begin to turn
around in approximately 300 seconds. This can be compared to the results
presented in Figure 24 which shows that the peak cladding temperature will
be less than 1800°F, far less than the 2200°F criterion.

Consideration has also been given to the modified system effectiveness in
mitigating the effects of the remaining spectrum of analyzed breaks. The
capability of the system in this regard has not been degraded and has been
enhanced by providing for both core spray systems to operate when one

diesel generator is inoperative. In previous analyses, when a diesel gener-

ator faillure was assumed, only one core spray system was available. With the

modified system, two core spray fluid systems will be available.

4.3 Single Failure Analysis

A single failure analysis for the modification has been performed and is
included as Appendix A. No additional single failures have been created
by this modification. Of those single failures which have been identified
in the analysis performed to comply with Condition 2.D.2 of Amendment 8
to the Oyster Creek Provisional Operating License, several have been
corrected and are identified in the Appendix. The resulting single failure

analysis reflects the ECCS system as modified.
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5. SCHEDULE

The implementation of this modification can reasonably be conducted over

a ninety day schedule, subject to the availability of material and the extent
and duration of the Cpmmisslon review requirements. A significant portion
of this period is required for verification, review and Q. A. procedures
which apply to the nuclear grade safety system design, procurement, con-
struction and testing. Work is proceeding while awaiting NRC approval and
assuming no major disagreements, the ninety day period can be assumed to
have started. The availability of materials to the proper specifications does
not appear to be a problem, however all the hardware has not been defined
and therefore reservations on a ninety day commitment must be expressed
with regard to the availability of special hardware (and its required documen-

tation) which may be beyond our control.

With regard to the schedule, the tasks that must be accomplished are
listed below with a schedule shown in Figuf‘e 5-1 for a ninety day pre-

shutdown implementation. The tasks are:
NRC approval received.

- P Plant Operations Review Committee and General Office Review Board

review of modification.

3. Verify existing wiring diagrams; although no discrepancies are
expected, it is prudent to conduct a verification and establish
pre-modification documentation of terminal connections and

cable routing.

4, Conduct detailed design; the new cable and conduit runs, instru-
ment and control re-wiring and new relay installation must be

detailed.
5~1



10.

11.

12.

13.

14,

Verification and Q. A. procedures applied to the detailed design.

Write procurement specifications and purchase orders,

Review and Q. A. procedures applied to precurement specifications

and purchase orders.

Delivery, receipt and inspection of materials.

Work package preparation; for this type of modilication, each
wire to be changed must be pre-documented and inspection
checkoff lists developed. Working from drawings alone is not

an adequate procedure.

Verification of work package.

Preparation of specific component, subsystem and system test
procedures; new components will have to be tested, interfaces
verified and an integrated sytem test performed.

Test procedure review and approval; whenever a new or modified
detailed test is to be performed on a safety system such as is the
case here, review and approval by the Plant Operations Review
Committee is required.

Installation and installation inspection.

Testing.
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With respect to the emergency condenser single failures, items 211A and 212A
on Table 5 (sheet 3), the modification described in section 3 will be implemented
during the next scheduled refueling outage. It should be noted that the effect

of the loss of both emergency condensers on ECCS performance has been eval-
uated in our letter dated July 3, 1975, which considered the following ECCS
system combinations for the 0.35 ftz limiting break and the 4.69 ftz design

basis break:
2 Core Spray + 0 Emergency Condensers + ADS

The results of the ECCS performance considerations under these conditions
have been accounted for by appropriately conservative MAPLHGR reductions.
Thus, Oyster Creek operation i{s in complete accord with this single failure
assumption and modification during the next scheduled refueling outage is
appropriate,

5-4 Revision 1, July 15, 1975




APPENDIX A

fheet 1 of 16
TABLE 1
CORE SPRAY SYSTEM
FAILURE MODE AND EFFECTS ANALYSIS AFTER MODIFICATION
Fatliure Symptoms and Local Effects Method of
No. Name Function Mode |[Cause Including Dependent Fallures Detection Effect on System Remarks
52C | x101A 9 Scare i 1  [Prevents Channel A frem srattine Periodic Test |negrades Svstem I redundarcy | Channel € (s availatle to
all Syste= 1 oumpc, creales Seetem from 172 te 1/a. start Syste= I. Valves
I‘vgivu (':" ‘r:.s.a, B, and 0, i SA, 1A, and IC are nor=ally
FAREEAE WS te 235, FoeveEzs spere coen. Valve 174 is rer-
of diecel 7 frer Chamn:=l A eally closel.
FE 2 Szares €5 Puup (OIA or 01C). raeunciazor Fas no effect on Systen 1 ¥rpacs lines are provided
Cleses 7S valve 132, Ciencs CS abilitv te resrcond to so that pu-ps can te
Vaives 1a, IC. Starts Dicsel *1. legiticate actuation signal. | srerated withoor latage.
M K122A lAveo Start 2] 1 4 Prevents Thannel A frem starsisg Periodic Test |Decrades System I redun- Channel T s availatle t2
Svete~ I Broster puips. Srst s dancy fvem 1/2 to 1/1. siart Systes I
friviazton is sot sexled fn v
Chanrel A
FE 2 Enercives ¥IC)A. Starte CS prp Arnunciater Pas no effect an Svstem 1 Svpass lines are provided
(01A or 01C). Clerses C5 wa' o I3A. ability to resper? tc SC that Mt 2o be
Opens TS wvalves 1A, 1€, Starts legitimate sctuation signal. | orscated witlour damage.
bocster pu== (234 or T3(0). .
30z K1GIA Start Pump F2 1 Chaanel A casarot start OS5 purp 012, | Perledic Test Jegrades logis redundancy to| Chamnel A can start pumsps
o1A etart €S pur> 0IA fre= /2 O1A ané 03A. Channel C canj
SO 1’1 Bur dcrs act affect start all pumps.
System T operatice.
FE 2 Starts CS pu~p OiA. Anrvunciator tas ne effect cn Syste= I
ability to respond to
legitizate actuatieom sigsal.
S03A | wcsar Seg. Start D 1 Prevents start of backup CS pu=p Pericdic Test | Degrades logic redundancy to Channel A csn start pumps
Pump C1C 01C and Booster Pump 03C by start CS pump OIC and booster ClA and 03A. Channel C
Channel A. pump O3C from 1/2 to 1/1 dut can start all pumps.
does not affect Svstem I
cperation.
3 2 Permits CS pump O1C and booster pump| Periodic Test { Degrades 5 sten T redundarcy
03C to start. CS pump OlA and froa 1/2 o 173%.
booster pump 0JA prohibited from
starting because of trip signal from
K10SA and K113A. Therefore, backup
pumps are not available in Sverem 1.
$9s 105 Stare Pump {3 1 Prevents start 8f dactup 78 oo Pericdic Test | Desrades lcpic redundancy te] chaanel A cer start (S
01cC 01C 2nd trio ~f pu~ CLN, start CS pe—p D21C fvom 1/2 s C1A, Channel C con
tc 1/1 but does not affect stast either 27 puse GIA
Swate= 1 aperscion, or MNE,

Revision 1 dated 7-15-75



CORE STRAY SYSTEM

Sheez 2 of 16
FAILURE MODE AND EFFECTS ANALYSIS AFTER MODIFICATION
Failure Svepeess 2=4 local Effects Yeshod of
No. Xaze Function V¥ode |[Cause including Tependeat Tallures Cetecticn Effect on Syste= Rezarks
FE 2 Searts Sackur ©5 pesp 21C and trips (CRI for pum Degrades Syster I redundancy
et prokibits start of €3 punp OlA. fro= 1/2 te 171,
s$eSs Ki06A Readles D 1 ione Teriedic Test [Does not affect automatic
Valves 7S operaticen cof valves and
therefore does neot a2ffect
Systex I cperation.
FE 2 orevents manual closing of valvee Periodic Test |[Does not affect automatic Degrades manual valve cen-
SA, 6A and 6C (Valves 6GA and 6C CS operation of valves and trel cket. (clesing direc-
lare normally clesed). rherefore “nes not affect tica) redundancy.
Systea I operationm.
506 K107A Feadies ¥D 1 5revects Channel A fron operinrg Periodic Test {Degrades Systez 1 reiundancy Chomnel € is availadle te
Valves CS éischarze vzlves 6A, 6C (and fro= 1/2 to 1/1. open System I valves.
opening SA, 1f reguired). Mamual operaticn cf valves
6A, 6C and 5A is availatle.
FE 2 Opens CS discharge valves 6A, 6C CPT for valves |[Does mot affect System I Isolaticn valves NITIL and
{and SA, if closed). Provides Event Recorder |operaticn. System I depends | X202C will isclare CS
automatic irntcrreption of closing on two parallel check valves | Syste= 1 frem razcter
ckt. for walves 1A, 1C. to isolate low pressure from | pressure.
reactor pressure.
507 kiosa Reactor FD 1 Prevents Channel A from cpening CS |Pericdic Test |jDeprades System I redundancy | Channel C {s avallieble to
34 Pressure or| discharge valves 6A, 6C (and fyom 1/2 te 1/1. open Systen I valves.
REL7A Reactor FH 3 opeains SA, if required).
Pressure (open)
Sensor
K108A FE 2 Permits CS discharee valves 6A, 6C | Annunclater Does not affect Syrtem I Ieclation valves “Z02A and
ot {and 5A, if closed) to be opened operation. Svstem I depends| W20IC will isolace CS
REITA FL 4 when Chanrel A starts CS pu=p on two parallel check valves ] System 1 fron reactor pres-
“clescd) regarcless of reactor pressure. te isolate low pressurc sure until pressure is re-
Also permits CS valves €A, 6C cor pipiag from reactor duced to point where NZ02.
SA o be opened monually regardless pressure. K202C (powered check
of reactor pressure. valves) open.

Revision 1 deted 7-15-7%



CORL SPRAY SYSTEM Sheet 3 of 1€
FAILURE MODE AND EFFECTS ANALYSIS AFTER MODIFICATION
Failure S epesrs 2=2 Local Effsecs Method of
Sa. Vame Tunctien Mode |Zause Izelivding Teperdens Failures Detaction Effect on Systex Remarks
5C8 KI109A “|System I D 1 Prevents Chanrel A from starting Periodic Test Degrades System I re- Charnel C i{s availadle o
Discharge Systex I booster purps, dundancy frea 1/2 to /L. start Syste= I booster
or Pressure pumps.
or )
RV25A Syste= 1 FL 3
Discharge {open)
Pressure
Seasor
K10%A FE 2 Starts System I booster pumd> Annunciator Booster purmp 03A may cavi-~ | Backup booster pu=p 03IC is
or eimultaneously with CS purp 0OlA, tate until CS pump 0lA is aveilable 1f 03A canneot
RV23A ™o up to speed. Short term develop pressure. C§ pusp
{Closed) Prevents CS pump O1C from being cavitation will not affect | 0lA is a2vailable fer
operated by elther Chanuecl A or Systen I operation. Te- actuation by either Chamnel
Channel C. grades Systen I redundancy | 2 or C.
from 1/2 to 1/1.
5094 K1li0a Reactor FD 1 Prevents Channel A and Channel B Pericdic Test Pegrades Channel A dlver- Channel A is available to
Vessel ‘from starting on Low Low Level sity. Dees rot affect start System I and System
Low Level signal from Channel A sen=or. Systea I cperaticn for 11 on High Drywell Pressurg
or or either Low Low Level or Thannel C is available to
High Dryvwell Pressure. start System I and Systen
RE02A  |Reactor Low| FH 3 I1 on lLow Low Level and/or
Level Sensoy {open) Bigh Drywell Pressure.
K110A FE 2 Energizes K1C01A, X102A starts CS Annunciator Bas no effect on Systex I Relay provides Interlocks
or purmp 701X or C1C) cleses CS valve or System II abilicty to te Emergency Coerdenser
REOZA FL “ 13A (L{f 2ot closed) crens C5 valvey respond te legitimate ectu-| and Contalinment Spray
(Closed) 1A, 1C,starts boeoster pump (93A or ation signal. (16X8A).
03C). Auto starts System II ‘
(Channel B). |
510 Killa Start Purp 1 3] 1 Channel A cannot start booster Periodic Test Degrades logic redundancy Channel A can start boostei‘
03a pu=p I3A. to start booster pump O2A pump 03C. Channel C can
from 1/2 to 1/1 but does start either bScoster purp {
not affect Svsten I coper- 03A or 03C.
ation. |
FE 2 Starts booster pump 03A. Annunciator Has no effect on System I

ability tec respond tc legit
aate sctuatios signal.

Revision 1 dated 7-15-73



CORE SPRAY SYSTEM Sheet & of 16
FATLURE MODE AND EFFTECTS ANALYSIS AFTER MODIFICATICN
Failure Syrptess =4 locai Effects Mathed of
Xeo. Naze Fumetion Mode |[Clause faclu2ing Sepenlent Failures Cetectien gifect on Srste= Rezarks
511 ¥112A [Seg. Stert D 1 Prevents start of backup booster ! Periodic Test Degrades logic redundancy Channel A can start
Puxp 03C puzp 03C by Chenmnel A. to start booster pu=p 02C booster pu=p 03a. Channel
from 1/2 to 1/1 but does C can start either bocoster
not affect Syste= I cper- pu=p 0lA or 03C.
ation. ;
FE 2 Perzits boester purp 03C te start.| CRI Degrades Svste= I re-
Booster purp N34 would not stars cundancy from 172 to 1/1.
because of trip signzl from K1l2A,
Therefore a backup booster pump
is not availadle.
512 Kil3A Start Pump ) 21] 1 Prevents start of tackup booster Periodic Test Degrades logic redundancy Channel A cam start boostel
g3C pup 03C by Channel Al to start booster purp 02C pucp 03A. Charnel C can
from 1/2 to 1/1 but does nof start either bocster pus=p
effect System I cperatica. 034 eor 03C.
FE 2 Starts backup bocster purp 23C and| CRI for lump Degrades Svstem I re-
trips or prohibtiss start of booste} dundancy froa 1/2 to 1/1.
pump O3A.
513 K114A Booster 34} 1 Xone Periodic Test Degrades logic redundancy Channel C relay K114C
Pu=p Dis- which sequences beester will perforn required
or charge pumps frem 1/2 to 1/1 bdut pu=p segquencing.
Pressure, or does not affect Systea [
RV&DA Scoster FL 3 operation.
Purp Dis- {open)
Charge
Pressure
Sensor
K114A re 2 Prevents booster pump 03C fronm Annunciator Degrades System I redundancy BSooster pump 03A is avail-
being cperated by either Channel A from 1/2 to 1/1. able for actuation by eithf
or or Channel C. Channel A or Chaanel C.
RV4LCA FH 4 Ralay provides interlccks
(Closed) to ADS (1€¥201a, 202A,

2026A, 207A).

Pevision 1 dated 7-15-75




CORE SPEAY SYSTEM Sheet S of 16
FAILURE MOTE AXD EFFECTS AXALYSIS AFTER MODIFICATION
Failcre Svapoces 2nd lwcal Zffects Method of
Ze. Yace Fuemction Mode {(Cause facluding Zependcnt Fallures Zetectien Effect on Systen Remarks
5144 § X115A High Drywel] D 1 Prevents Channel A and Channel B Periodic Test [eprades Channel A Diversity.[Channel A is avatlable to
or Pressure,or from starting on High Drywell s not affect Svste= I start System I and System I
PVLEA Eich Crywel]l FL Pressure sigral from Channel A operaticn for either lew Low jon low Low level. Channel ¢
Pressure (cpen) sensor. level or Elgh Drvwell Pres- is availadle to start Srsten
Sensor sure. I and System II on Bigh
B Drywell Pressure or Lew Lew
, level.
w15A FE 2 Energized X1012 K102\, starte CS Annunciator § [as no effect on System I or [Relay grovides isterlock
or purp {ClA or 217), closes CS walve {Fvent Recorder (System II ability to respond [to ADS (186K21%a1).
EV4GA 2. 4 124 (if not closed), cpers CS te legitimate actuation signal.
(Closed) valves 1A, 1C, starts boestecr pump
(034 or 03C). Auto starts System 1]
(Channel B).
515 C116A Contrel ¥D 1 Mone A-nunciator Noce.
Svsten
Power
Failure
FE 2 Xone. Pericdic Test [Yone.,
S17A | 27X-1C  |Under-volt-| FD 1 Prevents operation of preferred Annenciater Degrades System I and II from
relay pumps of System I and backup 1/2 to 1/1.
pumps of Systenm II.
FE 2 Does not clear buss so that leads |[Periodic Test [Fossible overload of Diesel 1
may be sequenced after Diesel 1 degrades System I and IT from
starts. 172 to 1/1.
S18A | 27Xx1-1C |CS Pump Trip FD 1 Trips CS pumps 01A and 01D Annunciaror Degrades System I and II
from 1/2 to 1/1.
FE 2 Toes not protect CS pumps (01A, Periocdic Test |[Does not prevent actuation System I and II available.
01C) apainst undervolrtage of System I or II. System I
conditions. will operate if voltage is
adequate.
S19A | 202A Peser Contact S = | Prevents “scal 1a" of K102A. Pericdic Test [F28 no effect on System I Channel C will provide
1 fails operation. required “eseal in" fer
open System I.
Contact 6 Prevents reset of Chanrecl A {ol- Annunciater Has no effect on System I
1 fails lowing either tast er cperation. cperation.
closed

Revision 1 dated 7-15-75
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CORE SPRAY SYSTEM Sheet 6§ of 16
FAILURE MODE AND EFFECTS ANALYSIS AFTER MODIFICATION
Failure Syaptess =2 lccal Zlfec:s Methoé of
No. Xaze Function Yode |[Tause Including Legcnzent Fallures Jetecticr Effect ca Systen Renarks
520 303a . Manual Operg Contactd 5 Prevents manual opening of valve Periodic Test Ras nc effact on System I
See ation of 1 and/ 6A and/or &C, eperazion.
alse valves 6A or 5
293) and 6C £211
open '
Contacts 6 ?rovents proper manual centrel of | Periodic Test Has no effect on System 1 May open valve SA and/
1 and/ox valve 6A and/or 6C Jurinc Systen operation. or 6C buz IV (check)
5 fail I test, NZ0ZA and NZ02C proteet
closad Syste= [ pipi=g fron
reactor pressure.
Contacts 5 Prevents manual closure of valve Perfiodic Test Has no effect on System I
4 and/or 6A and/or 6C. cperation.
€ fail
open
Contacte 6 Prevents proper manual operatien Periodic Test Has no effect on System ¥ @ Valves 6A and 6C gve
& and/or cf valve $A and/or SC during performing EC' 5 function. ' normally cleosed. This
8 fail Systen I tes:. fatlure will not preve=t
closed cpeniag cof valve €A eor
< since 0 coatactors
have pricrizy and KiChA
and K105C contacte will
open.
Contact S Prevents proper ranual operation Pericdic Test Bas no effect on System I Valve 5A 4s nerrally
2 falls of vaive 5A during Svstem I test. operaticn. open.
open
Contact L3 Prevents proper manual eperation Feriodic Test fas no effect on System I
falls of valve 5A during System I test, cperation.
closed

" wision 1 dated 7-15-75



CORE SPRAY SYSTEM

FAILURE MODE AND EFFECTS ANALYSIS AFTER MODIFICATION

Fallure Swopsess 264 lecal Effects Yethod of
Neo. Yaze Fimction Mede [Cause [2slusirg CesenZent Faliures Tetacticn Effect on Syste= Rezarks
521 ¥ator Talve BA(SC) MC coil | Hot Prevents Vzlve FA (G6C) frou bdeing | Periodic Test Degrades System I redundancy| COverlead device will
(See Czerator }ictuator is ener~| Short| opencd by either Chamnel A eor C, LI fro= 1/2 to 1/1. function 2o protect
2 a0 62 (6C) gized actuator ceoter.
€23)
MO coil | Hot Valve 6A (6C) will open, Overload | CRI for valves | Does not affect System I Isclazlen vaives X202A &
is ener-| Shkert| cdevice will function to protect LI operation, ! NZ02C will isolate CS sys-
gizeld actuater motor, tez from reacior pressure.
522 305A Manual Oper— Contacts{ 5 P-events rarual closure of valve Periodic Test Has no effezt on Systen T Valves 1A ard 1C are
jation of 1 aad/or 1A and/er 1C, operation. norsally epen.
valves 1A, |3 fa2il
acC. cpen
Contact 6 Closes valve 1A (1C). CRI for valve Has no eflfect on System I Valve 1A will open wvhen
1 ang/or operaticn. System I is ac:iuated since
3 fa1 MO contactor has priori:s
closed and FK107A and K177C cen-
tacts will cpen.
Contacts| S Prevents manual opening of valve Periodic Test Has no effect on System 1
2 end/or 1A (10). operation.
4 fail
oten
Contacts] 6 Prevents manual closure of valve Periodic Test Has no effect on Systez I Valves 1A and 1C ave
2 ané/or] 1A (10). operatien. rormally open.
4 fall
ciosed
s23 Motor Valve 1A MC coil | Hot Closes valve 1A (1C). Overload CRI for valve Degrades System I redundancy Valve 1C (1A) remains oper.
Cperator [Actuator is ener+4 Short| device will function to protect from 1/2 to 1/1.
1A (1C gized actuator motor,
Chanrel
)
MO coil | Mot Prevents valve iA (1C) from being | Pericdic Tert Does not affect System I
is ener4 CShort] closed marually., Owverlocd device LI operation.
gized will function to protect actuater
motor,

Revision 1| dated 7-15-7%



CORE SPRAY SYSTFM

FAILURE MODE AKD EFFECTS ANALYSIS AFTER MODIFICATION

Sheet & of G

Failure Svecrers 2n2 Local Effes:s ¥athod of
Xe. Yaze funetion Made |[Cause iacluding Cuperdent Tailures Ceterticn Effect on Svstex Remarks
$24A 3J06A “anual Ope- [Conract I S Prevente manual closure of velve Periodic Tost Has no effect on Systea I Valve SA is ner=ally ecpen.
{(See Jration of {fails SA. opcration.
z2lsa Motor
£04) Cperator
Valve 5A Contact I} 6 Closes valve S5A, CR1 for valve Has no effect on Systea I Valve 5A will cpen vhen
After fails cperation. System I is actvated gince
Racking closed M0 comtactor has priccity
in Moter arnd KICSA and/eor KI106C
Operator contacts will cpen.
Contact 3 S Prevents ranual opening of wvalve Pericdic Test Has no effect on System I
fails SA with both 6A and &C clesed, operation.
opan
ontact 3 6 Prevents manual closure of valve Pericdic Test Hae no effect on System I
f21ls SA with both 6A and 6C closed, operation.
closed
5254 | ¥otor Metor "€ coil Hot Closes valve A, Overload device | CRI for Valve. | Mctor Operator Racked out System I svailable during
(See Cperator | Operator Is ener- | Short] will function to pretect actuator 5 ¢ (open positien) during nor-| restirg of System I.
alze Sa Valve SA pized moter. mal operation. No affect on
£C4) Actuator L system.
10 ecoil Yot Prevents valve S5A from being closed. LI Does not affect System I
i{s ener-] Short] Cvorlead device will function to Periodic Test cperation.
hlzed protect actuator ootor.
526A Test DisdMotor Oper-iContact 5 Prevents manual opening of valve Periodic Test Haz no effect on Svstem 1 7alve 13A is normally
charge ator open [fails 13A. operattion. closed,
Valve Valve 13A irpen )
Switch After
(Local Racking
Test in Motor Contact 6 Cpens valve 13A. CRI for Valve. ; Has no effect on Systes I Valve 13A will close vhen
Statlon)| Operator fails operation. Svsten I s actuated since
closed MC contacteor has priority
and KI1ClA ard ¥101C con~
tacts will open.
S27A Test DisLCIoce Contact 5 Prevent: manual closure of valve Perlcdic Test Has no effect on Systez I
charge |Valve 13A [fails 13A, operation.
Valve After open
Switch Racking
{(Local | in Motor
Teat Onerator
StaCion)

Revision 1 dated 7-15-75



CORE SPRAY SYSTZM Sheet 9 of 18§
FAILURE MODE AXD EFFECTS ANALYSIS AF.TR MODIFICATION
Failure Syavters 2nd Local Fffeets Vethod of
Te. Xaze Functien Yode [Cause Inciuding Lepe~Zcar Fallures Zetection gffect on System Tezarks
Contact 5 Prevents proper cparation of valve | Periodis Test Has no effect on System I
fails during Systen I test, operation.
closed
528A Votor Talve 13A MC coil | Hot Closes valve 13A. Overload device | Periodic Test Does not affect System [
Cperater jActuator is ener-| Short | will function to protect actuater 1l operation. i
Valve 12 gized motor,
M0 coil | Rot Opers valve 13A. Overlozd device | CRI for valve. | Motur Operator racked out System IT aveileble during
is ener-{ Short | will function to protect actuator 1% 4 in closed position. Ne testing of System I.
glzed motor. affect to system.
s29 307A ‘‘anual Ope~ | Contactsf § Prevents manual opening of Valve Periodic Test Does not affect Systea 1 Valves XZ02A 2nd XN202C are
ration of 1 and/ox XZ02A and/or KZzO2C, operation. power cperated check valved
Valve NZ02A | 2 fail Valves caa only be poevered
and XZ202C open cpen.
Contacti “ Opens Valve NZ02A and/or KZD2C. CkI for valve Does mot affect Syetem I Isolation valves 6A and C
1 sndfot operation. i{solates CS Svstem I from
2 fails reactor pressure.
closed
530 J08A Manual Ope~ | Contasct 5 Prevents manual tripping of CS Periodic Test Does not affect System I
(308C) ration of 1lor 2 System I puwp OlA (01C, C3A, 030). operation. If required,
£3104) CS Syster I | fails pump can be stopped by turn
(310C) Purp 01A open ing off power to the pump.
(01C, 03A,
€3C).
Contact 6 Trips or prevents start of CS CRI for pump . Degrades System I redundancy Second CS or booster pusp
1 and 2 System I pump OIA (or 01C, or 03A, from 1/2 to 1/1. availadle to perform
fails or 03C). function.
ciosed
Contact L ¢ Prevents manual start of CS System! Periodic Test Does not affect System I
Jor 4 I pump O1A £21C, 03A, 03C). operatien.
fails .
open

Contactd 6
3 and &
falls closed.

Starts CS Svstem I pump 01A (or
01iC, or 03A, or 02C).

CRI for pump

Has no effect on System I
ability to respord to

legitimate actuation signal

Revision 1 dated 7-15-75



CORE SPPAY SYSTEM

FAILURE MODE AND ETFECTS ANALYSIS AFTER MODIFICATION

Shee: 10 of 1&

Failure Svaptens 2nd Lecal Effects Methoc of
No. Xaze Function Mode |Cause Includi-g Degencant Failures Det2ctien Effect on System Rezarks
342 K® €2-65 | Chennel A Cpen Rencves 125 VDC from Channel A Arnnunciator Degrades System I redundancy{Chanmmel C 1s availstle %o
Fanel D Coatrol iogic circuie. from 1/2 to 1/1. start Syste= I.
Power
$43 €8 62-128 | Channel C Open Removes 125 VDC €from Charnel C MAnnunciater Decrades System I redundancy|Channel A is availadle to
Fanel E Contrel logic circuit. from 1/2 to /1. % start Systea I.
Pover
S4& I°B 12-344 | Valve A:tuah Open Pemoves LS50 VAC frem valve actuator| Periodic Test | Degrades System I redundancy! Valve 6C is availadle fer
' sor 6A 6A so *hat valve fails in clesed from 1/2 to 1/1. eperation.
Fover position.
$45 KB 12-385 | Valve Actuat Open Rencves 460 VAC from valve actvator| Periodic Test | Degrades Svstem I redundarcy) Valve €A is avaliladle fer
tor 6C 6C =0 that -alve failes in closed from 1/2 %o 1/1. | operation.
Power position.
S46A €8 12-416 | Valve Actuab Open Removes 460 VAC frem valve actuatoc| Periodic Test | Fas no effect on Systen I Each valve is ncrrally in
(See [(MCClA21A)| tor Power so that ecach valve failes in "as is operation. position required fer
also 2021 for 1A position. Systen 1 opevation.
816) [{MCC1B21A 1C
-411
(MCC1A21A) S5A
-413
(MCC1A21B) 13A
$47 JCB 14-16 | CS Pump OIA! Open Prevents CS pump OlA from Periodic Test | Degrades System I redundarcy Pump 01C 18 availadle.
fmer.Sugr. Power cperating. frem 1/2 to 1/1.
1€
S48A {C3 fmer. | CS Pu=p 0IC] COpen Prevents Cs pump 01C frem Periodic Test | Degrades System I redundancy Pump 0lA i{s svailadble.
14-38 Power operating. from 1/2 to 1/1.
Swgr. 1D
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CORE SPRAY SYSTEM

FAILURE MODE AND EFFECTS ANALYSIS AFTER MODIFICATION

Failure Swaptese 223 local Effests Vethod of
9. Yaze Fumetion Mode |Cause incluilng Degerdent Tailures Cetection Effect on Syste= Re=arke
559 CB Onit Bocster Cnen Prevents booster pu=p U3A from Pericdic Test | Degrades System I redundancy| Puwsp 03C is available.
Substa- Fump 0327 operating frem 1/2 to 1/1.
tion 1A2 | Power
SSCA 1} C3 Unit Booster Open Prevents booster pump 03C from Periodic Test | Degrades System I redundancy | Purp 03A is svailsbdle.
Substa- Puemp 03C opera.ing. from 1/2 to 1/1.
tion 132 | Power
551A | &1s0V €S Fump Open Prevents CS pumps ClA and 01D from | Annenciator Degrades System I and II
Erer. Power operating. from 1/2 to 1/1.
Swyr 1C
SS2A | 460V Booster Open Prevents Booster pumps 03A and Annunciavor Degrades System I and II
Unit Sub- | Pump 03D from operating. from 1/2 to 1/1.
station Pover
1A2
SS3A | 460 McC Valve 6A Open Prevents valve 6A from opening. Annunciator Degrade System I from Syatem II available.
1A2 Power 1/2 to 1/1.
554 460 MCC Valve 6C Open Prevents valve 6C from opening. Annunciator Degrade System I from System II svailable.
122 Power 1/2 te L/1.
555 A02AT Keyleck Open 5 Prevents synchronization of channel ! Annunciator Does not prevent auto System I and II available
Channel A and B. Prevents actuation of state of either channel.
interlock channel B by charnel A.
Switch
Closed 6 Prevents testing of channel B with-| Periodic System I and II avaflable
out actuating both systems,
556 1D-A UV aux FD Prevents backup pumps from Annunciator Degrades System I from
Trip cperating 1/2 to 1/1.
FE Allows timing sequence to start Pericdic No effect on system
for backup pump irmediately after operation.
actuation signal.
i

Revision 1 daged 7-15-75



CORE SPRAY SYSTEX

FAILURE MODE AND EFFECTS ANALYSIS AFTER MODIFICATION

Sheet 12 of 16.

Failure Syropters 2af Lecal Effeecs Yethed of
Neo. Haze Fumetion Yode |Cause Incleding Leperndent Tailuces Cetection Effect or Syste= Rematks
562 K101C puto Stare FD 1 Prevents Chonnel C from starring Periodic Test |Degrades System I redun~ Channel A 1s availadle ro
all Systen I purps, opening System dancy fre= 1/2 te 1/1. ptart Syste= 1. Valves
I valves 6a, 6C, S&, 1A, 1C and A, 1A and 1C are s~cr=ally
closing valve 12A. Prevente stort ppea. Valve 13A s mor=ally
of diesel f1 freoe Channel C. Flesed.
FE 2 Starts CS pump {L1A or 0IC). Closes | Annuncilator Has no effect on System I Dypass lines are provided
CS valve 13A. Opens CS valves 1A, ability to resprond to legit- ko that pumos can e opera-
1C. Starts Diesc! 1. inate actuation signal. ted without da=age.
561 X102 JAuto Start D 1 Prevents Channel C frea startirg Pericdic Test }Degrades Svstem I redundancy Khonnel A is available to
Systen I beoster pu-ps. Systen I from 1/2 to 1/1 tart Syster I.
initiation is not sealed In by
Channel C.
FE 2 Energizes K101C. Stsrcs CS pump Annunciator Has no effect on System I Eypasn lires are provided
(01A or CiC). Cleses CS valve 12A. ability teo respond to sc that pumps can be
Openn CS valves 1A, IC. Star:s legitimete actustior signal. poerated vithour damage.
beoester punp (C3A or 03C).
564 Kin3C Start Pump FD 1 Channel C cannot start C5 pump ClA. | Periodic Test |[Degrades logic redundancy Channel € is available to
01A to start CS pumo ClA frem start CS puzp O1C. Chaznel
1/2 to 1/1 bet dees net A Is avatlable to start
affect Systea I coperaticn. jeither CS pu=p OlA or Q1C.
FE 2 Starts CS pump 0lA. Annunciator FPas no elfect on System I
a2bility to respond to legit-
irmate actuation signal.
S65A [¥X104C Seq. Start FD 1 Preveats start of backup CS pu=p Periodic Test |Deprades loesic redundancy te [Channel C can start purps
u=p 01C "~ |01C and Boester Pump 03C by start CS pump 01C and Booster{01A and 03A. Chacnel A
Channel C. Pump 03C from 1/2 to 1/1 but {can start all CS pu=ps.
does not affect System I
operation.
FE 2 Per=its CS pump 01C to start. CS Periodic Test Degrades Systenm 1 redundancy

purp OlA end Booster Pump 03A
prohibited from startiag because

of trip signal from K105C and K113C.
Therefcre, backup pumps are not
available in System I.

frem 1/2 to 1/1.
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CORE SPRAY SYSTEM

FAILURE MODE AXD EFFECTS ANALYSIS AFTER MODIFICATION

Sheet 13 of 16

fuaction

Fallure
Mode

Tause

Svm=zies 222 Tocai Tifesis

wieluzing Sapencent Tailecsez

setecticn

Effect on Systez

Remarks

567

569

¥105C

p105¢

LlO?C

$.08C
or
RZ17B

}108C
or
wL178

Staret Pump
0ic

Readies
Valves

Readies
Valves

Reactor
Pressure ©ofr
Reactor
Pressure
Sensor

3¢

closed)

=

(2]

Prevenzs start of backup CS pump
01C and trip of purmp ClA.

Starts backup CS pump O1C and trips
or prohibits start of CS pump ClA.

tione

Prevents manual clesiug of valves
SA, AA and 6C (valves 6A and 6C are
normally clesea).

Prevents Channel C from openinz
CS discharge valves 6A, 6C {(and
opening 3A, if required).

Opens CS discharge valves 6A, 6C
(and 5A, if closed), Provides
auvtomatic irnterrupticn of closing
ck: for valves 1A, 1C.

Preven:s Channel C from opening
CS discharge valves 6A, 6C (and
opening 5A, if required).

Permits CS discharge vzives 6A,

6C (and SA, if closed) to be
cpened when Chrannel C starts CS
pump regardless of reactor pres-
sure. Also permits CS valves 6A,
6C or SA to be orened macually re-
gardliess of reactor pressure.

Periodic Test

CRI for pump.

Periodic Test

Periodic Test

Periodic Test

CRI for valves

Event Recorder

Periodic Test

Annunciatoer

Degrades logic redundancy
o start CS pump 01C from
1/2 to 1/1 dut does not af-
fect Systen 1 eperation.

Degrades System I redundancy
froml/2 o 1/1.

Does not affect autonatic CS
operation of valves and
therefore dnes not affect
System I operation.

Dues not affect eutomatic CS
operation cf wvalves and
therefore deoes not atfect
System I operation.

Degrades Svstem I redundancy
from 1/2 to 1/1.

Does not affect System I
Operation. System I depends
on two parallel check wvalves
to isclate low pressure
piping {rom reactor pressure.

Degrades System I redundancy
from 1/2 to 1/1.

Does not affect System I
operation. System I depends
on two parallel check valves
to isclate low pressure
piping from reactor pressure.

Channel C can start CS
su=p 0lA. Channel A can
start either CS pump ClA
or O1C,

Degrades tanual valve cen=
trel ekt (clesing cirectien
reduniancy.

Chan~el A is availadle teo
cpen System I valves.
Manual Operation of valves
6A, 6C and 5A is availadle

Iseclaticen valves N70ZA and
1202C will isolate CS
Svstem 1 from reactoer
pressure.

Caannel A {s available teo
oren Svstem 1 valves,

Iselatioa valves NI0IA end
%7-2C will teolate CS Sys-
ten I frem reactcT gressive
uatil prossure is recuzed
te poiat where NIg2a/nsit
(powered check valves)

open.
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CORE SPRAY SYSTIZ™

FAILURE MODE AND EFFECTS ANALYSIS AFTER MODIFICATION

Sheet 14 of 15

Taflure Sverereg 222 Tocel T 8sacy Hethad Bt
Xo. Yame Tumerisn Mace CTause actlui g Lepenient Failures setecsise £%ezt on Syste= Remarks
570 K10SC Syezea I D 1 Prevents Channel C {rom starting Periodic Test |[Degrades System I redumdancy | Chamnmel A i« available o
Cischarge Systen I ooster pu=us frea 1/2 to i/l. start Srvetes I booster
Pressure pumps.
or
or
]V29C Systea I FL 3
Cischarge (cpen)
Fressure
Sensor
x109C FE 2 “yotem I starts booster purp simul- | Annuncilaror Jooster pump 03A may cavitate| Backup booster pu=s 03C s
taneously with CS pump Cla, bunetl cs pump OlA is up to available {f 022 ceann:
or speed. Short term cavitatio-} develop pressurs. (Ff pu=p
RV29C FH 4 Prevents CS puxp OLC from being will not affect Svstem I 21A is availabdle for
(closed) coperated by either Caannel A or Operation. Pegracdes System I |actuation by either Chanrel
Charnel C. redundancy frem 1/2 to 1/1. |A or C.
STIA  [x110C Reactor 3] 1 | Prevents Channel C and D from Periodic Test |Desrades Channel C diversity.| Chanmel € is avatlable o
Vessel starting on Low-Low-Level signal Does not affect System I start Systen I and I on
Low Level from Channel C sensor. opcration for Low-low-Level High Drywell pressure.
or or or High Drywell Pressure. Channel A is available to
R£J2C Reactor Low{ FH 3 start Systen I and Il on
Lovel (open) Low-Low-Level arnd/or High
Sensor Drywell Pressure
10C FE 2 Energizes X101C, K102C. Starts CS j Annunciaror Has no effect on System 1 Relay provides interlocks
or pump (0lA, or 01C), cleses CS valve ability to respond to legit- | to Emergeacy Condenser améd
REQ2C FL 4 134 (if not closed), opens C5 valves imate actuation signal. Containment Spray.
(closed) 1A, 1C, starts booster purp (03A or

03C). Starts Auto System II
{Channel D).

e

Revision 1 deted 7-15-7C



CORE SPRAY SYSTEM Sheet 15 eof 16
FAILURE MODE AND EFFECTS ANALYSIS AFTER MODIFICATION
F2llure Sv=piees =22 loca: Ef%e2ts Yerhel of

No. Yaze Function Yode |Cause anziwzing Lepenient Faillures -setectice fifect on Svste= Rezarks

s72 dlic Start Puwp 3] 1 Channel C cannot start fSooster pump | Pertodic Test Degrades logic redundancy to | Chammel C can star: focoste
Q3A 03A. start Booster pump 03A from | ru=p 03C, Chasnel A can

1/2 to 1/1 but does not af- start eicther 3coster pu=o
fect Syvstem I operation. C3A eor 03C.
FE 2 Starts Booster pump 03A. Annunciator Hi*s no effect on System ?
ability to respond to legit-
inate actuation =ignal.

573 X112C feq. Start D 1 Prevents start of backup Booster Periodic Test |[Degrades logic redundancy te | Channel C can stars Scoste

Pump 03C pump 03C by Channel C. start Booster pump 03C froz |pump 03A Chancel A can
1/2 to 1/1 but does not af- !srart either 3coster puse
fect Syste=m I operation. 03A or 03C.

FE 2 Permits Booster pump C3C te start. |CRI Degrades System I redundancy
Booster pump 03A would not stor: from 1/2 to 1/1.
because of trip signal from X112C. -
Therefore a backup lJecster pump is
not available.
1 574 [Ki13c Start Pump b 3¢} 1 Prevents start of backup booster Periodic Test |Degrades logic redindfmcy ta | Channel C can stast Scesta
03¢C puxp 03C by Chanael C. start booster pump 03C from punp 03A. Channel A can
1/2 to 1/1 but does not af- |start either Ronster su=n
fect System I operztica. 03A or 23C. -
FE 2 Starts backup Booster pump 03C and | CRI for pump Degrader System I redundancy
trips or prohibits start of booster from 172 to 1/1.
pump O03A.

575 gax&c Beoster 1 3+] 1 Xene Periodic Test Degrades logic redundancy Chanrel A relav KIl&A vil}l
Punp Dis- vhich sequences pooster pumns| rerform required Fu=p se-
charge from1/2 to 1/1 but does net |gueacing.

Pressure affect System I operation.

or or
=U60C Becoster FL 3 .

Pump Dis- |(open)

Charge

Preesure

Sensor

Revieion 1 dated 7-15-75
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CORE SPRAY SYSTEM Sheet 16 of 16
FATLURE MODE AND EFFECTS ANALYSIS AFTER MODIFICATION
Fallure Pyrperes 2nf Lrczl THleszs Meztel of
Se. Na=e Tuncticn ¥ade [o2ase asglysing legcnzeat Fallures Cetection fffezt on Systen Remarks
575 X114C FE 2 Prevents Sooster Tuwy BIC frea beling Anmuaciator Jegrades System [ reduncdancy | 2coster pump 92A is avail-
(cenz’d) operated by cithey Thasnsl A er from 1/2 to 1/1. able fer actuation S+
or Channel C. either Chennel 4 or C.
RV43C Fa - . Relay provides interloac:s
(closed) to ADS (i6K2CiA 202A 23%a
. 207A).
$75A ¥115C Eich Drywel] ¥D 1 Prevents Channel C and D from start-| Periodic Test |Degrades Channel C diversity | Chonnel € is availiable te
2ressure ing on High Drywell Pressure sipgnal Does not affect Syste=m I start Syste= I and Il en
or frem Channel C sensor. cperation for either low=low-] low-low-level.
RVAER Bizh Drywel}] FL 3 level cor High Dryweil Tres~
Pressure {open) sure. Channel A is ava.ladle t>
Sessor stare System 1 on eizher
low-low-level or high deove
wvell prescure.
*115C TE 2 Energices X101C, X102C, starts Annunciator Has no effect on System I or | Relay provides interlock
or C3 pump (0lA or 010) § Event 1 ability to respond to to ADS (L6X2134).
RV4EB *H closes CS valve 13A (if not closed) | Reccrder legitimate actuation signal.
(closed) cpens CS valwve 1A, 1C
starts ooster pump (03A or 03C).
Auto Starts System II (Channel N).
577 Lx.usc Control D 1 None Annunciator None
Systea
| Power Fail-
! ure
FE 2 None Periodic Test |YNoune
$78A 302C Reset Centact 5 Prevents “seal 1n™ of Ki02C. Periodic Teet |[Has no effect on System 1 Channel A will srevide
1 fails cperation. regquired “seal in" for
open Systen I.
Contact 6 Prevents reset of Chanrel C follow- | Annunciator llas no effect on System I
1 fails ing either test or operation. cperation.
closed

Revision 1 dated 7-15-75%



TABLE 2

CORE SPRAY SYSTEM (MICRAXICAL)

Sheet 1 of 6
" FAILURE MODE AND EFFECTS ANALYSIS AFTER MODIFICATION
failure Symptoms and Local Effects Method of
¥a. Name Function Mede Cause Including Dependent Failures Detection Effect on System Remarks
8Cl v-29-17 [|'solate coreJOpen Locked [Xone - Normal positica lecked open vel Noze
(V-20-23) |spray inside open .
Core spravcentainzent
isolatieon {for maint.
valve {manual
inside ivalve)
contain-
sent
Closed |‘anu- |[Blecks fluw through one core 1 Loss of one of two 1002 Aéainistrative procedurcs
ally |spray train flow paths preclude improper valve
closed position.
for
Maint.
802 XZ02A Satisfy con+ Open Test |¥one vPI Reduces low pressure portion
%z320) tainzent air of systen to single valve
Cere itolation suppl. isolation protection
spray irside con-
contain- {talrTent
Tent (Air assistH
Zsolation |ed open for
checy test,spring
valves assisted
shut )
Closed | Mech. ! ®locks flow through that portion of VPI Xone Flow avallable through
fall- | »arallel lines, parallel check valve.
ure

Poviainn 1 dated 7-7°



CORE SPRAY SYSTEM {MECRANICAL) Sheet 2 of €
FAILURE MODE AND EFFECTS ANALYSIS AFTER MODIFICATION
Failure S-mpress 2nd local Effects Mothod eof
Xe. Xa=e Function Mode Cause Including Tependens Failures Cetecticn Effect on Systen Remarks
807 [°203A,C Develep ade- 0OfFf 1)Loss | Starts redurdant pump in train. Alterrate pump | Nene., 1002 redundant in
Core quate Aig- of stert, mm eacn system.
poTay charge pres rover lights ia C.R.
hooster sure for Z)Logid
pbusps effective fauitc
core spray 3)ech.,
flilurﬁ
ecs ) -20-16 Prevents Open Mech. Reduces effective flow from pump. |1) Low suction | Low flow in one systenm.
x-20-8 Sackflow fallurg lMay cause idle pump to fail. pressure to
SpTaV through Sooster purps
prsp dis~ ) idle pummp 2) Fill pump ie
pharge unable to main-
Fheck tain shutdown
l-alve pressuve
299 §:201A.C Provides ofe 1)Loss | Starts redundant pump in systenm. Run 1light off. | None. 100X redundent pump
Core spray|core spray of Alternate pump | in systen.
bu—ps flow from power running.
suppressicn 2)Logid
poal to fauls
booster 3}Mech.|
pump suctiof failurd

Revision 1 dated 7-15-75




CORE SPRAY SYSTEM (MECHMANICAL) Sheet J of § °
FATLURE MODE AND EFFECTS ANALYSIS AFTER MODIFICATICON
Failure Svoacte~s 202 Local Eifec:e Veshad of
Yo. Yaze Funetion ¥ole |[Cause Inciuéing Devenzeat Fallures Cetaction {fect on Syste= Rezartks
&€05 V-20-50 |?rcvent
Ccoster backilew
P - {through
Ciechargefbypoas
check legp
velve )
klosed ‘ech. Prevents bypass of core soray Redundant pu=p | None. Valve only i=portant if
Faliure| discharge ;itectly into core. stare toth booster pumcs fall
- end redundant CS system
is unavalladle.
806A |Vv-20-92 |[Provides [Open  oas of| Nome vP1 one.
Beoeoster [oinioem ir
pu=D cvzp flow
=iniswn |path fer
recirc. core spray
vaive ard beoster
pupe
Ciosed (1)Test | Redundant Minimum flow valve Pl Ko effect on system
k)chiﬁ V-20-94 provides flow path, {Periodic Test
ault
3)Soi-
lenoid
failure
to vent]
air
824 V-20-52, [Prevent
53 Scostefbackflow
pucp through
Zischarge} idie
check booster
valve ey
Closed |‘Mech. Blecks flow from cne booster pump, jlow flow indiced{ None. Redundant pump
failurel redurndant pump starts tion FI-RV27A available.

Revision 1 dated 7-15 7§



CORE -SPRAY SYSTEM (MTCHANICAL) Sheet & of &
FAILURE MODE AND EFFECTS ANALYSIS AFTER MCDIFICATION
Failure Camceess on2 Lecal Tifects Vethod of
Xo. Yave fumetion Yole |[Cause izzluding Tependent Failures Tetectica £ifect on Syste= Remarks
£013 '-20-15  Katisfy con-{Omen 1)Sherd None. YP1 Reduce low pressure pertion
(See 7=20-40  Lair-ent outt to of svsten to single valve
alse Core b ide con- motor isolaticn protecticn
s, spray kainment 2)¥Man.
22%) cutside froter cver—
isclation prerated) ride
valves pens on CS 3)Test
ctuaticn 4)Legiq
Et 285 psig fallurs
[in reactor
Closed |1)Loss| Blocks flow through that portienm of L 4 3 None Eave 100% flow through
of parallel lines. Periodic Test parallel valve for ECCS
Power functien.
2)Legi
fallurd
3)Mech
fault
3044 v-20-12 brovide Open 1)¥or-| ¥one VeI fone Motor Operator racked out
(Sece se~ond valv mally Periodic Test in open position during
also Test Iso- fhorrier vher oren normal cperation does not
524 ,A Tarion restirg 2)Llcss affect System Il operatien
523)A jvalves ['-20-15,etc. of excopt during test
(=avor or XZ 02 pewer
cpereted)

Closed

1)Shor} Yo flow in System II.
to
cotor
2)loss
of
power
curing
testing
3)Man-

ual
over—
ride

VPI, High
booster purp
pressure
(PI-RV42) low
spray flow
indicated

(F1 2v27)

Blocks all flow iu System II.

Redundant Systemz I must
be available during test.

VPI = Valve Position Indication.

Revision 1 dated 7-15-75




CORE SPRAY SYITTM

(VXCEANICAL)

FAILURE MODE AXD EFFECTS ANALYSIS AFTER MODIFICATION

Sheet S of 6 -

Failure Svagee~s 2nd loecal Eifects Method of
So. Xame Fuoetion Yode {[Cause Including Lezendent Failures Detecticn Zffect cn Syste= Re=arks
810 L-29-3, 32|Supply ccre Open " oss off YNone. vPI Xone.
(See Fpr!y spray water aver Periodic Test
alsos pu-p froz= sup- {Morm.
546, cuct:on pression nosi~
522, Walves scol tion)
523) {i=ctor o
prerated)
Clesed |1)Vech.] Couses zssociated puwp to fall duve VPl Scne. 100X redundant in
: ver— te loss of sucticn. cysten,
ide
2)Ect
chort
3)Logid
fault
816A F-20-27 Cpen for Open 1)Logid Bypasses core spray flow to vr1 6" lire allows high per- Valve racked out in
(Sce Tecircu~ }routine failut4 suppression peeol. centage of flow to bypass closed position during
also pation core spray 2)Elec. core, reducing effective normal cperatioa. No
S46)A test pu=p short core spray in ore system. effect on system.
valves functional 3)Loss
{Keylock | tes:s of
closed) pover
during
test
Closed {Normal| Xone VPl Xone.
Periodic Test
.

Revision 1 dated 7-15-73



MECHANICAL)

FAILURE MODE AND EFFECTS ANALYSIS AFTER MODIFICATION

Sheet § of 6

Failure Method of
Se. Wame Function Mode |[Cause Cetection Tffect on Srete= Remarks
822 Fi11 pu=p]Provide off )less | System may édraia throurh leakage [low pressure Could cause water hazwer on | Not required after
core “{water zo of to level of suppressicn pool. indicated at systen startup. systen initiation.
spray system to hover various points
systen reep Z)Mecteor in systen.
filled end {ailure
prevent 3)¥en~
water haal
hamzer on fover-
startuep ride
On 1)Logicf Xome. None.
fatlurd
2 Man-
fual
jover-
iride
823 v-11-119 Open Xone. None. Check valve prevents
(V-11-118} flow ‘ocut of svstem,
15 psig
pressure
regulating
valve
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TABLE 3 ’
AUTO DEPRESSURIZATION SYSTIM Sheet 1 of &
FATLURE MODE AXD EFFECTS ANALYSIS AFTER MODIFICATION
Failure Symptoms and Local Effects Method of
Yo. Xaze Function Kode Cause Including Dependent Failures Detectien Effect on Systes Rezarks
300 K201A ADS Sub- D 1 Contact remalnc opan. Systex I is [Pericdic Test Fystem II remains for each
channel inoperative. A2S trip ceincidence kalve.
Irip Relay changes frea 2/2 or 2/2 to 2/2.
FE 2 Contacts remain closed. ADS trip |[Svent Recorder } ess stringent trip legic 1a
coinciderce reduces from 2/2 er 2/2 & Systea I. Systea II c¢n-
to 1/1 oxr 2/2. Anrurciator khunged.
207A ADS Sub- FD 1 Contact rezalirs cpen. Systen I is [Periodic Test [Pysten II remains for each
E207AX channel {incperstive. ADS trip coincicence bralve.
Trip Relay changes frem 2/2 er 2/2 to 2/2.
fE 2 Contact closes. aDS trip Fvent Recerder [Less stringeant trlp logic in
coincidence reduces from 2/2 ox & <ystem I. System II un-
2/2 to /1 or 2/2. Annunciator changed.
301 K202A ime Delay 3] 1 Contact remains open. Systen I Periodic Test [System II grezains for each
Circuiz inopurative. ADS trip ralvc.
Incerlock coincidence changes from-2/2 or
Relay 2/2 to 2/2.
FE 2 Countact closes. ADS trip Period c Test Less striagent trip legic.
coincidence changes frem 2/2 or System Il unchanged.
2/2 to 1/1 or 2/2. Relay K201A
energized.
302 K206A Tizer FD 1 Contact rewains epen. 1If initlaticfTericdic Test |[Syste= II remains for each No effect until iniciacica
Leck in signals clear, ADS trip coinci- valve. signals clear.
Relay dance chaanges from 2/2 or 2/2 to
2/2
FT 2 Contact closes. 7Two minute timer |Arnunciation Less stringeat trip legic.

is energized. After tve minutes,
ADS actuatioa lcgic changes from
2/2 or 2/2 zo 1/1 or 2/2 when velay
K202A 1s enmergized.

System II unchanged.

-
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TABLE 3 i
AUTO DEPRISSURIZATION SYSTEM Sheet 2 of & ‘
FAILURE MODE AND EFFECTS ANALYSIS AFTER MODIFICATION
Failure Svzprezs znf local Effects Method of
Xo. Yaze Function Mede [Cause Iacluilng Cepenileat Fallures Tecection fifect on Systen Rezarks
303 K214A or Aﬁlgh Dry~ 1 3] 1 Contact remains open. ADS trip Pericdic Test |System II rezains for each
X215 well Pres- coinzidence reduces from 2/2 or 2/2 valve. .
sure Relay to 2/2. System I imoperative.
FE 2 Contact cleses. Systes I logic Annunciation Less stringent trip logic in
changes from 2/2 to 1/1 for high System I. Systez II
drywell pressure. uachaaged.
piel R216A 2C Power FD 1 Contact cpens. Tlower to ADS logic | Annuiciatiea Autozatic tra=sfer of pewer [Usraal DC pover supply is
Supoly, Systenm I and valve contrel circulc source. Systems I & II froa Panel "J".
Transfer “A" is suppiied from DC panel “E". unchanged.
FE ? Contact remains closed. Power to Pericdie Test |Altermate power source
ADS legic and/or valve control (Panel "E") not availsdle
circuit 1s unchanged. Systens I & 11 unchanged.
308 ¥217A or [Reactor $3+] 1 Centact remains opea. ADS trip Periodic Test |Svstem II resains for each
®217C Triple low coincidence changes from 2/2 or 2/2 valve.
{Hater Level to 2/2. Systen I inoperative.
Relay
FE 2 Contact closes. System [ triple Annunciation Less stringeat trip logic
low reactor vessel water level & Event in System I. Systes II
logic changes from 2/2 o 1/1. Reccrder unchanged.
308 M232A Tizer FD 1 Tizer contact ve=zains open. System| Periodic Test | Systems II remaias for each
1 inoperative. ADS trip coincicencd vaive.
reduces from 2/2 or 2/2 te 2/2.
¥E 2 Tiner contact closes. Annuaciation Yo time delay associated
with ADS actuation.
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TASLE 3 . ;
AUTC DETRESSTRIZATION SYSTEM Sheet Lof 6 |
FAILURE MODE AND EFTECTS ANALYSIS AFIER MODIFICATION ‘
fallure Swmeress 2md Local T %azcs Heenoé of 1
Xo. Ya=e Sfimetics e Cause SSSisting SePeniaat Taxlurtes c2tactise Tf%ect on Svecte Re=arks
307 PT18A or Reactor a1 5 Level switch contect remains cpen. Perindic Test System II remains for each
BE18C Triple Low | (Cpen) System I inoperative. /2S5 zrip valve,
Water Leve coincldence reduces frem 2/2 or
Switch 2/2 to 2/2. -
L [ Level switch contact closes. Syste™ | Aanunciation Less stringent trip logic
{Closed) T logic ceincidence changes from & Event in System I, System II
272 %0 1/l for triple low reacter Recorder :uchanged .,
vessel water level,
308 S230A Reset FO 5 Reset switch contact opens. XI01 & | Perfodic Test System II remaine unaffected
Switch KI07 relays prevented from closing for each valve.
wvhen auto depressurizaticn signal
exists. Systen I inoperative.
FC 6 Reset switch ramaics closed in Periodic Test Unable to reset Svstem I
System I. Deoes not allow channel after trip. System II re~
to be reset after tripping on 2ute rains unaffected for each
depressurization signal. valve.
309 S231A Reset FO 5 Reset switch contact opens. K214A § Periecdic Test System 1l remalas unchanged
Switch K215A relavs orevented from clesing for each valve.
on high dryweil pressure. Systerm I
inoperative.
FC 6 Reset switch contact remains closed | Feriodic Test Unable to reset System I
in System I. Does not allow channel after trip. System II
to be resat after tripping on high unchanged.
drvwell pressure.
310A 125vDC 125veC D ? K216 relay will autoratically trans-| Annunciator Automatic transfer of power | Panel "D" 1S the normal
Power Fower fer the ADS valve contrel circuis to supply. supply for ADS valves
Panel "D"| Supply the standby 125VDC scurce. A, C & E throurh Panel

Relay cofls for K115A & X115B in
core spray svetem both fail de-
energized; this prevents K244 &
K215A from energizinz on high dry-
well preasure; therefcre Svetem I
fails.

System I fails. System II

available.

ER18A.Panel "B 13 the
backup suonly.
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TAZLE 3

AUTC DEIPRESSURIZATION SYSTEM

FAILURE MODE AND EFFEZCTS ANALYSIS AFTER MODIFICATION

Sheet &of &

Fallure Jpzsesyg 23 Lrcal TT%ez: ¥ertod of
Se. Yaze Tumecticon Mde Cause s usins Leretient Tatlztes c2tectice Zifec: o2 Svice= Re=a
231 62-§9 er | 125VDC FO 7 K216A relay will autcmatically Automatic tramsfer of power | C3 52-5) (Psnel "2™ §
§2-91 Power transfer the ADS valve controcl civ- supply. Trip Srystems I § Ii}] CB 82-91 (Panel ™2
Supply culit te the standby 125VEC source. remain unaffected. fced Pazel ERISA,
Circuie CBS'-:O {Tarel "C™) &
Breazer C8 62-102 (Pazel "=7)
2eed pa‘\cl EXigs.
332 F301A or | Control FO K216A relay remaians on its normal Periodic Test Alzernate power source
TI04A Circuic source (Panel D) as long as it is (Parel E) is noz availadle
Tuses available. for Systea I.
313 FI02A ©or | control FO K216A relay will autcmatically Annunciater Automatic transfer of power
Fi03a treuit transfer the ADS valve "A™ and trip supply.
fuses System I to alternate source.
314 NRI03A Valve & 'alve ADS valve “A” does not open when Periodic Test ADS valve “A" does not open
' or Pressure [(closed required by auto depressurizatien vhen required. Remaining &
WR1063 Controller signal. ADS valves are operable.
cr & Controi
MR108C Station Valve ADS valve "A" opens when auto Vel No effect on Systen's abilit
or or oren depressurization i{s not required. Torus tempera- | to respoad to ECC conditions
FR103D Pressure ture iacresse
or Switches
XR108E or
Valve
Solenoid
Assecbly
or
Marual
Contrel
Svitch




TABLE 3

AUTC DETEESSURIZATION SYSTIM

FAILURE MODE AXD EFFECTS ANALYSIS AFTER MODIFICATION

Sheet S5 of

chaages from 2/2 to i/1.

Event Recorder

|
|
Failure Sympeess 2nd iccal tifects Method of
Yo. Xaze Function ¥ode |[Cause tasluiing Desendent Failures Cetaction £ffect on Systex Remarks
533 K1l4A Core Spray FD i Contact remains coen. Systes I Periodic Test [More striampent trip logic im | Contacts supplied fre=
Beoster pump cdischarge precsure ceoincidence System I. System II un- core spray lecgic.
Purp Dis- changes from 1/2 to 1/1. changed.
charge Pres}
sure Relay
FE 2 Contact closes. System I pump Ancunciation {lLess stringent trip logic. Contacts supplied froa
discharge pressure logic circult Systea II uachanged. core spray legic.
is satislied.
37 Kl14C Core Spray FD 1 Contact recains cpen. System I Periodic Test |[More stringent trip logic in | Contacts supplied frem
Booster purp discharge pressure colncidence Systexa I. System II un—- core spray logic.
Pu=p Dis~ changes from 1/2 to 1/1. changed.
charge Prest
sure Relay
FE 2 Contact closns. System I pump Annunciation Less stringeat trip legic Contacte supplied from
diccharge prrssure logic circuit in Systen I. System II un~ |core spray leglc.
is satistied. changed.
214 K115A High Dry- D 1 Cortacts remain open. Systen I Periodic Test {System II remains for each Contacts supplied froa
well Pres- inoperative. ADS trip ceoinci- valve. core spray loglec.
sure Relaoy dence changes from 2/2 or 2/2 to
2/2.
FE 2 Contact closes. Relay K214A {s Event Recorder |less stringent trip logie in | Contacts supplied froz
energized. Svstem I coincidence 5 System I. Systen IT un~ core spray icgic,
from dryvell pressure trip changes | Annvaciator changed.
from 2/2 to 1/1.
_576A | K115¢C Eigh Dry- FD 1 Contacts rermsin open. System II Feriodic Test |System I remains for each Contacts supplied frem
v well Pres- inoperative. ADS trip relay valve. core spray lepic.
sure Relay colacidence changes Srom 2/2 or 2/2 K115C changed to ADS -
to 2/2. System II.
FE 2 Contact closes. QNeiav K214B is Annunciazer Less stringent trzip lecgie in
erergized. Systea II coincidence & Systen II. System I un~
fron drywell pressure toip cnanged.



- -
TI3LE )
AUTO DEPRESSURIZATION SYSTDM Sheet & of 6
TAILURE MODE AXD EFFECTS AXALYSIS AFTER MODIFICATION '
Faflure s+crs and Local Elfeces Methed of
Xo. Saze Function Modz |Cause iasluiing Desendent Failures Cetection Eflect on Svatex Rezarks
676 K1158 .| High Dry- D 1 Contacts rerain cp=a. Svstez I Periodic Test | System II remains for ecach Cenctacts supplied frea
7 well Pres- inoperative. ADS trip relay valve. i core spray legic.
sure Pelay enincidence changes from 2/2 or 2/2
to 2/2.
FE 2 Contact closes. Nelav K213A is Annunciazer Less stringeat trip logfc in|Comtacts supplied froo
energized. 3Systen I coincidence & Systea I. Systez 1I un- core spray legic.
from éryvell pressure trip Event Recorder | changed.

chazges from 2/2 to 1/1.

|
» |

|

’

'

i

. Revision 1 dated




TABLE &

TABLE & (CORRESPONDS TO TABLE 6 CF PRE-MODIFICATION ARALYSIS)

STMMARY RCSULTS OF MODIFICATION WITH RESPECT TO PREVIOUS SINGLE
FAILURES WHICHE RESULTED IN LESS THAN MINIMUM ECCS AVAILABILITY

FAILURE

SYMPTOMS AND LOCAL EFFECTS INCLUDING DEPENDENT
FAILURES AXD EFFECT ON ECCS SYSTEMS

REMARKS

542

310

543

12

212

804

816

806

517

518

553

Loss of Power to DC Panel D

Loss of power to DC Panel E

Loss of power to motor control
center MCC~DC1

Spurious closure of mctor
cperated test isolation valve
Vv-20-12

Spuriovs opening of motor
operated recirculetion line
valve V-20-26

Fallure of minimum flow valve to
open V-20-32

Undervoltage relay 27X-1C
fails deenergized

Undervoltage relay 27X1-1C
fails deenergized

Loss of MCC 1A2

See Table I, Attachment II, Item 542A

See Table IIX, Attachment II, Item 310A

Same as for Item 542

See Table 5, Attachment II, Items 211A and 2124

See Table 2, Attachment II, Item B04A

See Table 2, Attachment IY, Item B16A

Sce Table 2, Attachment II, Item B806A

See Table 1, Attachment II, Item S17A

See Table 1, Attachment II, Item 518A

See Table 1, Attachment II, Item 553A

No degradation of miniemun
ECCS avallability results®

So degradatica of =inimvn
ECCS availability results®

Ko degradation of minimum
ECCS availability results®

Ko degradatiorn of minimun
ECCS availability resuitas®

Ne degradaticn of minimum
ECCS availability resulrs®

Fo degradation of minime
ECCS zveiledbility results*®

No degradation of minimum
ECCS availability results*

Fo degradation of minirum
ECCS availability results®

No degradation of sinioum
ECCS availability results®

No deprodation of minioum
ECCS availadility results*

*See July 3, 1975 letter from I. R. Finfrock te C.

Lear.

Revision 1 dated 7-15-7%




TABLE S .
, EMERGENCY CONDENSER Sheet 1 of &
FAILURE MODE AXD EFFECTS ANALYSIS AFTER MODIFICATION
Failure Symptoms and Local Effects Method of
Ye. Hame Function Mode |[Cause Including Dependent Fallures Detecticen Effect on Systes Re=zarks
200 16K110A or|2eactor FE 2 Associated time delay on Anmnunclator Makes trip 1/2 vs 1/2 twice. | Contacts susplied frea
16K110C [Vessel Low dropout relay deenergized (6K9 or Less stringent trip logie core spray legle. Affects
Low Level 6K10) coincicdence. logic for both systens.
FD b | Associated TDDO remains energized |Periodic test |Makes trip 1/1 + 1/2 vs Affects logic for deth
1/2 twice. More stringent | systers.
trip legic.
201 REISA or iReactor 13 4 Associated TDDO remains energized | Periodic tast |[Makes trip 1/1 + 1/2 vs Does not affecs logic feor
RE1S5B High Pres-~ 1/2 twice for high pressure | initiation for ECCS
sure Seasor initiatien fenction
FO 3 Associated TDDO deenergizes Periodic test |Makes trip 1/2 ws 1/2 twice.| Affects logic for both
Less stringent trip logic. systeus.
202 6K9 or |z.C. Isel. FE 2 Associated contacts remain cpen Periodic test |Makes trip 1/1 + 1/2 vs Affects legic for both
6K10 Valve 1/2 twice. More stringent systems.
System I trip logic.
Time Delay
Trip Relay
b3+ 1 Associated contacts close Periodic test |Makes trip 1/I wa 1/2 twice.| Affects logic for both
Less strirgent trip logie systees.
coincidence.
203 3KSA or |E.C. Reset FE 2 Defeats lockout of 6K9 and K11 Periodic test |Valve would open and shut as] Affects both Systea I and
3658 System I level cycled around low low | System II condensers
level.
FE 2 For automatic isolation circuitry, | Periodic test | For a bresk in the I line Systea II not sffected.
the valves would recpen when high * | outside containment valves
flow signal cleared would cycle open and shut
3] 1 Periodic test | Would not be sble %o reset

logiec circuitry

Does not affect ECCS
function .

Rovieinn 1 daved To15.7




TABLE 5

FMERGERCY CONDENSER Sheet 2 of 4
FAILURE MODE AXD EFFECTS ANALYSIS AFTER MODIFICATION
Failure Svoptoze aré local Effects Method of
No. Xene Function Mede |Cause Incivding Tependent Failures Derection Effect on Sysces Remarks
204 6X7B of |Syste= I FE 2 High flow sensed by associated Periodic test ! More stringent trip logic Does not affect ECCS
6KTA 1ine breek sensors would not isclate coincidence for isolation. fenction.
time delay Emergency Condenser high flow
trip relay isclation logic changed from
1/4 to 1/2
D 1 EC System I not available. Valve All valves associated with System IT not affected.
indication Systex I would bde closed
205 6X5A or | System I FE ) 2 Periodic test | More stringent logic te closqd Does not affect ECCS
6K3A line rup- isclation valves in the function. Systea II not
tures avx. event of a line break. affected.
relay
D ) Annunciator System I E.C. isclates. System II not affected.
V-14-34 will net open
automatically
206 6¥58 or Systea 1 FE 2 Periodic test | More stringent logic to Does not affect ECCS
638 line rep- close isolation valves in function. System II not
tures aux. the event of a line breszk. affected.
relay
FD 1 Locks in false high flow signal Valve System 1 E.C. isolates System II not affected.
position
indicatien
207 IB05-Al g High flow FO 3 Gives felse high flow signal Periodic test | System I E.C. isolates System II not affected.
I305-A2 | switches A
or
I8l1-Alo FC 4 Periodic rest [ Makes loglc to close valves i Does not affect TCCS
I811-A2 for line break 1/3 vs 1/4. functien. Systez II mot

More stringent trip logic
fer isolation.

affected.

Revision 1 dated 7-15-75



TARLE 5
EMERCENCY CONDENSER Sheet 3 of &
FAILURE MODE AND EFFECTS ANALYSIS AFTER MCDIFICATION ‘
Fzilure Svmptors and local Effects Method of
Yo. Name Function Mede [Cause Including Tepencdent Fallures Detection Effect on System Remarks
208 €K57 or | 6KS7 Lock- FE 2 6KS7 desnergizes 6X9 and 6K11. Periodic test | Makes logic to cpen 1/ Affects logic for bdeth
6K58 out 6K9 & 6X58 deenergizes 6K10 and 6h12. vs 1/2 twice , systems.
6K11
6KS8 Lock- FD 1 6X57 defeats lockout of §X9 Periodi: test | If System I initiated be- System II not effected.
ovt 6K10 and 6K11. 6KS58 defeats lockout cause of low level or high
& 6X12 of 6K10 and 6K12. pressure, V-14-24 would
cycle as pressure cycled
or level cycled
200 | 3s5 Reset ro | s Periodic test | Unable to reset system Does mot affect
switch iniciation
FC 6 Energizes 3X5A and B defeats Periodic test | If System I or Il initiated | Affects both System I
lockout of TDDO's for both because of low level or end I1 condensers
System I and System II high pressure V-14-34 or
V-14-35 would cycle as
pressure or level cycled
210 Valve Open valve MC Coil 14 Hot Valve won't open Periodic test | System I won't initiste System II not affected.
actuator , nergized| shert
V-14-34 _
0 Coil 14 Tot Valve opens. Valve posi- System I iniciated. System II not affected.
pnerg iz«; short poaition
indication
211A MCcC Power Less Valve V-~14-34 won't copen loss of valve | System I fails to initiate. | System II not affected.
pcl supply to of position
V-16-34 Power indication
212A Auto Pover Loss Valve V-14-34 won't open Loss of valve | System I fails to initiete. | System II not affected.
transfer| supply to of position
switch MCC-DC-1 Power indication
to MCC
oCl

Revision 1 dated 7-15-75




TABLE 5

Sheet & of &
FAILURE MCDE AXD EFFECTS ANALYSIS AFTER MODIFICATION
Fallure Sveptoes and Loca) Effects Method of
Xo. Ya=e Funetion Mode Includirg Dependent Failures Detecticn Effect on Systen Remarks
213 655 Control Or Valve open Valve position ]| System I initiated System II not affected.
switch for |Posit_.n indication v
V-14-34
g‘l,:m" Valve won't open Periodic teet | System I won't inirtace System II not effected.
214 §F1 Fuse for ¥O High flow logic circuitry and 6X2 | yalve position| System I isclates. Makes
6F2 high flow ceenergized. indication trip for System II 1/2 vs
logic cir- 1/2 tuice. Less stringent
gultry and g trip logic.
X8
215 6F1A Fese for FO 6K10 sleenergized. Periodic test | Makes trip 1/2 vs 1/2 twice. Affects logic for bath
6F2A 6K10 Degraded trip logic. systems,
310 125V DC | 125V DC b 34) Logic circuitry deenergized Valve position| System I isolates.
Power Power indication System II initiates.
Panel D | supply te
logle

T

Revision 1 dated 7-15-75



