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1.0 INTRODUCTION

(To be included in next draft.)



2.0 SYSTEM DESCRIPTION

2.1 Makeup and Purification System Overview

The Makeup and Purification System consists of the piping anc process equip=
ment required to remove, process and replace reactor coolant at the flowrates
required to maintain constant Reactor Coclant System (RCS) Coolant Volume.
The major functiocns performed by the Makeup and Purification Systen are:

Letdown Control: Controlled removal of reactor coolant from
the RCS and recduction of coclant temperature and pressure at a

preset flowrate

s Purification: Removal of impurities from the reactor coclant
using boric acid saturated ion exchange resins,

e Coclant Processing and Chemical Addition: Recovery of concen=
tra.ed boric acid and demineralized water from letdcwn reactor
coolant; supply of demineraiized (boric acid free) water and
concentrated boric acid to adjust reactor coolant boric acid
concentrations; and supply uf lithium hydroxide to increase
reactor coclent pH.

4, Reactor Coclant Pump (RC Pump) Seal Return: Collection,
filtering and cocling of coclant flowing past the RC Pump shaft
face seals,

S RC Pump Seal Injection: Injection and filtering of processed
letdown cooclant to the RC pumps' shaft seals at a constant
flowrate.

6. Reactor Coolant Makeup: Injection of process letdown coolant
to the RCS at a flowrate controirled to maintain constant

reactor coclant volume.



In addition to the normal functions performed by the Makeup and Purifications
System, port‘ons of the system are used to provide emergency injection of
coclant following design basis plant accidents

The major eg.ipment and process flows within the Makeup and Purification
System are illustrated in Figure= 1 and 2. For the purposes to this study,
the overall system has been divided into six subsystens, which are indicated
in Figures 1 and 2 ind described in the following section

2.2 Subsystem Descriptions

The Makeup and Purificaticn System was divided into six subsystems as shown in
Figures 1 and 2. This section presents a brief functional description of each
subsystex including any assumptions which were required to define the various
cperating modes of the system. Descriptions are based on material in the
Oconee FSAE (Reference 1); specific FSAR reference drawings for the subsystems

are as follows:

Subsystem 1.0 lLetdown Coclers to Three-Way Valve

(Letdown Subsystem)

Fifure G=2A%, Figure 9.3-2 (Sheet 4);
Subsystem 2.0 RC Pump Seal Water Return

.82al Return Subsystem)

: gure 9.3-2 (Sheets 1 and 4);
Subsystem 3.0 Letdown Storage Tank, Inle. Filters, and HPI Pumps

(H?I Pump Subsystem)

Figure 9.3-2 (Sheet 4);
Subsystem 4.0 RC Pump Seal Injection

(Seal Injection Subsystem)

Figure 9.3-2 (Sheets 1 and 4);
Subsystem 5.0 FReactor Coolant Makeup

(Makeup Subsystem)

Figure 9.3-2 (Sheets 1 and 4);

$Reference 2
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Figure 1. Makeup and Purification System Flow Sheet, Subsystems 1.0 3.0,
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and seal water cooling in the circulation loop of seal water through the
reactor coolant pumps. This subsystem also is used to remove heat added by
the operating HPI pump.

A set of four return lines, one from the2 No. 1 face seal op each RC pump,
normally cocllects the seal return flow into a common return header, Another
set of four return lines, normally closed, collects the seal flow past the No
2 face seal on each RC pump iato the common return header when the leakage
rate past the No. 1 face seal on any operating pump is less than one gpm
{(normal flow is approximately three gpm per pump).

The reactcr coolant pump seal return header is an outflow line which pene-
trates the Reactor Building. The header nas an electric motor-operated
isolation valve inside the Reactor Building and a pneumatic valve outside
which are automatically closed by an engineered safeguards signal. The seal
return filter ané coolers are outside the Reasctor Building.

The seal return filter is installed in the seal return line upstream of the
seal return ccolers to remove particulate matter., A bypass is installed to
permit servicing during operation.

The seal return coolers are sized to remove the heat added by the operating
HPI pumps and the heat picked up in passage through the reactor coolant pump
seals. Heat from these coclers is rejected to the Recirculated Cooling Water
(RCW) System. Two coolers are provided in parallel and one is normally in
operation. The flow from the seal return coolers discharges directly to the
inlet header of the Letdown Storage Tank,

2.2.3 Letdown Storage Taok, Inle* Eilters, and EPI Pumps
This subsystem consists of two makeup filters, the letdown storage tank (LST),

three HPI pumps, pump discharge manifold, and other associated piping. The
system collects the seal return and letdown flows from the RCS for the normal
operation of the HPI pumps and discharges it to the RC pump seal and makeup
subsystems,



The LST serves as a receiver for letdown, seal return, chemical addition, and
system makeup. The tank also accommodates temporary changes in system coolant
volume. Al]l flows except seal return pess through one of the makeup filters
before entering the LST. One filter is normally in operation and one is
spare. The L3T is continuously charged with hydroger for RCS oxygen control.

During niormal operation of the RCS, one high pressure injection pump
continuously supplies high pressure water from the letdown storage tank to the
seals of each of the reactor coolant pumps and tc a makeup line connection to
the Loop A resctor cold legs, Three high-pressure injection pumps are
provided, each capable of supplying the requirec reactor coclant pump seal and
makeup flow. One is normally in operation while ancother is in standby status
to be used as needed. The third pump is used conly for emergercy injection.

2.2.4 uzp Seal Inisck

This subsystea distributes seal injection water to the reactor coclant pumps.
It consists of the seal injection header from the HPI pump discharge manifold,
two RC pump seal filters, four individual injection lines (one to each RC
pump), and associated piping and instrumentation.

Seal injectisn flow is filtered prior to entering the individual seal
injection lines, One filter is pcrmally in operation and one is spare. In
addition, a bypass around both filters is available to permit maintenance

during subsystem operation.

A flow ccntrol valve in the seal injsction header to the pump seals auto=-
matically main.ains the desired total injecticn flow to the seais. Manually
pre-set throttle valves in each pump seal injection line provide a capability
to balance the seal injection flow rates., A portion of the water supplied to
the seals enters the RCS, The remainder returns to the letdown storage tank
after passing through the seal return subsystem.

The four individual injection lines penetrate the Reactor Buildi.g. These
linés each contain a stop-check valve inside and outside the Reactor Building



for Reactor Building isolation.

2.2.5 ZReactor Coolant Makeup

The reactor coolant makeup subsystem is designed to accommodate makeup
requirements during normal operation, design reactor coolant system
transients, and Reactor Coolant System cocldowrn. The subsystem consists of a
makeup header off the HPI pump discharge manifold, a flow control loop, two
main reactor inlets to the Loop 4 cold legs, and additional paths from the
flow control lcop feeding a small amount »f flow tc the reactor ¢21ld leg inlet

nozzles and the pressurizer spray line

Normal makeup flow is delivered to the two reactor cold legs ol Loop A.
During normal opsration, makeup flow is diverted around the emergoncy HPI flow
path through a flow contrcl loop. A pneumatically operated con' rol valve on
the loop throttles the makeup flow to the two reactor cold lesgs. The flow
path off the mairn flow control loop is assumed to provide a zinimum flow
bypass t> minimize temperature changes in the reactor coid leg i.ilet nozzles
and the pressurizer spray line

2.2.6 AC Dleed, Zoron Becoverv, and Chemical AQQLtiop
This subsystez serves three functions:

1. Intermittent letdown of reactor coolant to a holdup tank and
replacement with demineralized water or continucus operation of
a deborating demineralizer;

2e Recovery cf boron and purification of reactor coclant for reuse
in the plant;

3. Chemical addition to add boric acid to reactor coolant for
reactivity control, lithium hydroxide for pH control, hydrazine
for oxygen control during shutdown, and caustic for resin
regeneration in the demineralizers and chemistry control in the
boron recovery operation :

Major components in this subsysytem are shown in Figure 2.



*C_Bleed Holdup

a. Bleed Boldup is used for the collection and storage of reactor coolant.
The coolan. is received from the letdown line both as a result of reactor
coolant expansion during startup and for boric acid concentration r=duction
during startup and normal operation. It is either conveyed to the coolant
bleed holdup tank for storage or passed through a deborating demineralizer for
boric acid removal and returned as unborated makeup to the makeup line., It
was assumed that one deborating demineralizer is in operation, one is
regenerated and available in staad-by, and a third is being regenerated at any
time. A spray nozzle in the coolant bleed tanks on the inlet line allows some
of the gases to be released. Recirculating the tank allows further stripring
action to cccur. Demineralized water can alsc be returned to the makeup line
from the demineralized water holdup tank. Coolant from the bleed holdup tank
is pumped to boron recovery for processing.

The coolant bleed holdup tank and the concentrated boric acid storage tank are

vented to the gaseous waste vent header to provide for filling and emptying

without overpressurization or causing a vacuum to exist. In addition, each

tank is equippec with a relief valve and a vacuum breaker. Pressurized
trogen can be supplied to eack "=~k to allow purging

Instruments and controls for operation of this system are located in the
control room. Instruments and controls for the ccolant bleed holdup tanks and
pumps, demineralized water holdup tank and pump, and the concentrated boric
acid storage tank and pump are duplicated on local auxiliary control boards.

Zoron gecovery
Boron recovery is operated on a batch basis and is sized to process all of the

reactor coclant bled from the RCS operating on an 8-~hour per day basis, The
system receives coolant from the bleed holdup tank through the coolant bleed
evaporator demineralizers (one in operation; one available in stand-by) into
the feed tank which is sized to hold sufficient feed for about five hours of
evaporator cperation. The coolant is then pumped into the evapcrator by the
evaporator feed pump which maintains a level in the evaporator while the



recirculating pump recirculates the coolant until the temperature is stabi-
lized. The distillate is returned to the feed tank until the distillate is of
the desired quality for pumping to the condensate test tanks., The evaporator
concentrate is sampled and normally pumped to the concentrated boric acid
storage tanks at aporoximately 8700 ppm boron. The evaporator concentrate can
be allowed to increase to 26000 ppz boron and pumped to the drumming statlon
for ultimate disposal as solid waste.

Chemical Addssior
The oF =ical addition portion of this system delivers the necessary chemicals
to other systems as required. Boric acid is provided to the apent fuel pool,
borated water storage tank, letdown storage tank, and core flooding tanks as
makeup for leakage or to change the concentration of boric acid in the
associated systems. Sodium hydroxide (caustic) is added to the waste
cvaperator feed tank during evaporator cperation and to the deborating
demineralizer cduring demineralizer resin regeneration

A single boric acid mix tank is provided as a source of concentrated boric
acid solution. The volume of the tank provides sufficient boric acid sclutica
to increase the reactor cooclant system boron concentration to that required
for cold shutdown. Tank heaters and electrically heat traced transfer lines
maintain the fluid temperature above that required to assure solubility of the
boric acid. Three brric acid pumps are provided to tiransfer the concentrated
beric acid solution from the boric aci. tank to the borated water storage tank
(BWST), makeup filters, spent fuel storage pocl, or the core flooding tanks,
One high pressure pump supplies boric acid to the core flooding tanks. The
two low pressure pumps supply boric acid to other tanks, systems, and
locations,

The caustic mix tank is used %o prepare sclution which neutralizes the feed to
the waste evaporator. It also supplies sodium hydroxide to the deborating
demineralizer for regeneration. The caustic pump transfers sodium hydroxide
from the caustic mix tank to the intended destination.



Lithium hydroxide is mixed and added to the RCS from the lithium hydroxice
tank. The lithium hydroxide pump transfers lithium hydroxide from the LiOH
tank to the letdown line upstream of the makeup filters,

A 55-gallon drum supplies hydrazipe to the Reactor Coolant System; the
hydrazine is used %o scavenge dissclved oxygen, primarily following a reactor
shutdown. The hydrazine pump transfers to the letdown line upstream of the
makeup filters.

2.3 Support Systems

(Te be included in next draft).



3.0 FAILURE MODES AND EFFECTS ANALYSIS

2.1 Technical Approach

The analysis results documented in this report have been developed using
failure modes and effects analysis (FMEA) techniques. A FMEA identifies
failure modes for components of concern and traces their effects on other
components, subsystems, and systems. Emphasis is placed oa identifying
probtlems associated with hardware failures. The advantage of the analysis
technique is that while it is simple to appiy, it provides for an orderly
examination of potentially important failure modes throughout a systen.

In a FMEA, the impact of potential faults is documented in tables which
identify the component being considered, support systems assoclated with the
compunent (for example, electric power for a motor-operated valve), potential
component fault modes due to internal failures and unavailability cf support
systems, the impact of the fault on system operation, and poteatial remedial
action if the fault occurs., Analysis of the completed tables permits identi-
fication of failures which have significant impact on system cperation,

Because of the multiplicity of functions provided by the makeus and purifi-
cation system, the initial FMEA was performed cn a subsystem level. Makeup
and purification subsystems are described in Section 2.0. Interfaces to each
suhsystem, including inlet and outlet links to other subsy. ems, support
systems, and other reactor plant systems, were carefully defined during the
analysis to permit integration of the subsystem analyses into a single
analysis package for the entire system. Faults due to component failures were
traced through the linked subsystems to identify the impact of such failures
on the entire system. The impact of support system unavailabilities were
traced in a similar way, except all subsystem faults duec to the unavailability
were ccncurrently trazed for impact., Certain faults were grouped tc facilie
tate analysis, As an example of this, a failed closed state was defined for
normally open manual valves, This failure state included faults due tc
internal damage, due to plugging and due to inadvertant closure, Similarly,
strainer plugging was considered in the same category as plugged lines.



The FMEAs for each subsystem are detailed in Appendices A through F. These
appendices describe each component considered in the subsystem analyses, along
with appropriate fault documentation, as described above. The subsystem FMEAs
were formatted to permit computerized data basing at some future date if
desired, for the inventory of components, the failure modes, the interfaces
invelved, the effects, and the remedial actions available. The impact of the
subsystem faults at the subsystem boundaries i3 summarized in Section 3.3.
The integration of the subsystem analysis results into a system-level failure
analysis is documented in the following section

3.2 System Level Results

A discussion and summary of system level results is TBD. However, the system
level results are completed and detailed in Tables 1 through 8. The system
level results include effects from the following eight categories of failures,
with a corresponding table for each.

1. Pressure Boundary Failures

2s Flow Blockages

3. Flow Increases

4, Loss of Chemical Addition, Cooclant Purification Capability
5. Control Instrurentation Malfunctions

6. Cooling Water Failures

Te Instrument Air Failures

8. AC Electric Power Failures

Analysis has considered support system failures (items 5 through 8§ above) to
the extent information was available,

2.3 Subsystem Level Results

Detailed FMEAs of the subsystems described in Section 2.2 were completed and
are presented in Appendices A-F, The results of these analyses are summarized
in this section. Included are tables for each subsystem which provide a list
of the failure effects atl the subsystem boundaries along witk the failures
which can lead to those effecta



TABLE 1. PRESSURE BOUNDARY FAILURES IN THE MAKEUP AND PURIFICATION SYSTEM

Failure Location

1. Letdown Subsystem

1.1 in-Containment
Piping

1.2 LD Cooler Tube
Failure

Effect

RC Leak or Small LOCA -
decreasing pressurizer
and LD tank levels,
decreasing RCS pressure,
and high contaminent
radiation alarms alert
the situation.

RC leak or smal! LOCA -
decreasing pressurizer and
LD tank levels and high CC
surge tank and radiation
alarms alert operator to
the situation. Until iso-
lated, reactor coolant
will pressurize the CC
system resulting in the
in-containment CC relief
valves opening and dis-
charging to thie containment
sump.

Remedial Actions

Emergency procedures for small
LOCA's must be followed. Let-
down flowpath is isolated and
the HPI mode of operation
initiated automatically at an
RCS pressure of 1500 psi.

Emergency procedures for RCS
leak# or small LOCA's must be
followed depending on whether
the leak rate exceeds the
capacity of tne Makeup System.
Automatic isolation of the LD
coolers from the RCS will not
not occur, The operator must
isolate the LD cooler(s) from
the RCS based on high CC surge
tank level and pressure. The
situation may be confused by
high containment sump levels
and possible radiation alarme
resulting from the CC relief
valve discharge,



TABLE 1.

Failure Location

Effect

2. 3-Way Valve

3. HPI Pump Subsystem

3.1 Piping Between
3-Way Valve and
LD Tank

PRESSURE BOUNDARY FAILURES IN THE MAKERUP AND PURIFICATION SYSTEM (Continued)

Remedial Acilions

Valve failure is considered
as a flow blockage - See
Table 2.

RC Leak outside contain-
ment. Leak flowrate will
be limited to a small
increase above existing
flowrate. Local radiation
alarms, high sump levels
and decreasing LD tank
level alert cperator to

the situation., Manual
isolation of letdown is
required. I» addition,
breaks in locat:.ons down-
stream of check valve HP-7
could result in the release
of H- which could

result in fires or explosions.

Emcrgency procedures for a
letdcwn 1line failure outside
containwent must be followecd
(if they exist). Operator must
isolatc the break and open an
alternate flowpath from the
BWST to the HPI pumps. Proce-
dures covering subsequent
shutdown of the plant without
letdown must be followed.



TABLE 1. PRESSURE BOUNP'ARY PAILURES IN THE MAKEUP AND PURIFICATION SYSTEM (Continued)

Failure Location Efiect Remedial Actions
3.2 Piping Between LD KC leak outside contain- Operator should trip the
Tank and HPI Pumps ment,  Local radiation operating HPI pump if low or
alarms, high suap levels, erratic flow peisists, isolate
decreasing seal inje«tion the leak and piovide an
and makeun flowrates and operable path for boric acid

possibly decreasing LD tank addition and RC pump seal
level alert operator to the injection. The letdown path

situation. Larger leak to the Bleed Holdup tanks must
rates (e.g., >20 gpm), may be initiated to control
result in HPI pump cavi- pressurizer level,

tation and reduction in pump
flowrate., This will result
in the makeup control valve,
HP-12, and seal injection
control vaive HP-31, opening
to compercsate, exacer-

bating the cavitation. This
condition could lead to HPI
pump damage unless the pump
is manually tripped. If the
HPI pump is tripped, RC pumps
can continue to operate with
CC water. In addition, leak
paths in these locations may
result in the release of H
which could result in fires or
explosions.



TABLE 1. PRESSURE BOUNDARY PAILURES IN THE MAKEUP AND PURIFICATION SYSTEM (Continued)

Failure Location

Effect

RC Pump Seal Return
Subsystem

4.1 Piping Between RC
Pumps and HPI Pump
Subsystem

4.2 Seal Return Cooler
Tube Failure

Small RC leak outside or
inside containment. Local
radiation alarms, high sump
levels and a decreasing LD
tank level alerts operator
to the situation.

Small RC leak to RCW System.
Increasing RCW surge tank
sevel, high RCW radiation
alarms and decreasing LD
tank level alert the
operator to the situation.

Remedial Actions

Isolate and repair the leak.
If the leak must be isolated
prior to shutdown, the flow

past RC pumps #1 seals will

be terminated,

Isolate the affected cooler
and divert seal return flow
through spare cooler,



TASLE 1.

Failure Location

Effect

S. Makeup Subsystem

5.1

Piping Between
HPI Pumps and
RCS Pressure
Boundary Check
Valves

RC leak or high energy

line failure outside or
inside containment. Local
radiation alarms, high sump
levels, and decreasing LD
Tank and Pressurizer levels
aleic operator to situation.,
For piping failures, Oper-
ating HPI pump(s) may “run-
out®", Unless tripped auto-
matically by motor pro-
tection devices (if they
exist) or by the operator,
pump damage could occur.
Effect of makeup fluid dis-
charge unknown (see High
Energy Line Break Analysis).
In addition, breaks in these
locations may result in the
release of Hy which could
result in fires or explosions.

PRESSURE BOUNDARY FAILURES IN THE MAKEUP AND PURIFPICATION SYSTEM (Continued)

Remedial Actions

Emergency procedures for a high
energy line break must be
followed, Operator should trip
the cperating HPI pump, if
required isolate the break and
provide an operable path for
boric acid addition and RC pump
seal injection. Depending on
the break location, RC Pump
seal injection may not be
possible,



TABLE 1.

Failure Location

6.

Seal Injection Subsystem

6.1

Piping Between Makeup
Subsystem and RC Pumps

Effect

RC leak or high eneray

line failure outside or
inside containment., Low
seal injection flowrate
alarms, local radiation
alarms, high sump levels,
and decreasing LD Tank and
Pressurizer levels alert
operator to situation. For
piping failures, Operating
HPI pump(s) may "run- out®,
Unlese tripped automatically
by motor protection devices
(if they exist) or by the
operator, pump damage could
occur. Effect of makeup fluid
discharge unkrown (see High
Energy Line Break Analysis).
In addition, breaks in these
locations may result in the
release of H, which could
result in fires or expliosions.

PRESSURE BOUNDARY FAILURES IN THE MAKEUP "ND PORIFICATION SYSTEM (Continued)

Remedial Actions

Emergency procedures for a high
enerqgy line breuk must be
followed, Operator should trip
the operating HPI pump, if
iequired, isolate the break and
provide an operable path for
boric acid addition and RC pump
seal injection. Depending on
the break location, RC Pump
seal injection may not be
possible,



TABLE 1. PRESSURE BOUNDARY FAILURES IN THE MAKEUP AND PURIFICATION 5YSTEF (Continued)

Failure Location Effect Remedial Actions

7. Coolant Processing and
Stqrage Subsystem

7.1 Piping in the Coolant Radiation alaims and hiah Operators must isolate break
Processing and Storage sump level alert the and take appropriate measures
Subsystem operater to the situation, to control flooding or Hy

Flooding may be a problem release. BWST can supply RCS
due to size of Bleed Holdup boric acid requirements if
Tanks (7100,000 gel.). required.

Failure of ¥, supply lines
may result in fires or
explosions., Normal letdown/
makeup will be automatically
initiated if a low LD Tank
levei results.



TABLE 2.

Failure Location

Effect

) Letdown Subsystem

l.l

1.2

Letdown Path to
Connection With
3-Way valve -
Letdown-Makeup
Operation or
Operation With
Deborating
Demineralizers

Letdown Path to
Connection with

3-Way Valve -

Letdown to Bleed
Holdup Tank Operation

FLLOW BLOCKAGES IN THE MAKEUP AND PURIFICATION SYSTEM

Remedial Actions

Reduced letdown from RCS
results in makeup flow
throttled due to increasing
pressurizer level. Seal
injection results in a
continued net injection of
20 gpm and an alarmed low
LD tank level.

Increasing level in
pressurizer results in
thrott) ing makeup flow.
Demineralized water or
boric acid flow to LD
tank will continue
resulting in an alarmed
high LD tank level.

Operator can establish an
alternate letdowr flowpath
or clear the flow blockace.
Minimum HPI pump flow recir-
culation must be maintained,
Continued operatior may
require makeup to LD tank

or throttling seal injection
flow.

Operator can establish an
alternate letdown flowpath
or clear the flow blockage.
Minimum HPY pump flow recir-
culation must be maintained.
Continued operation requires
throttling makeup to LD tank
to aveid filling tank.



TABLE 2.

Failure Location

FLOW BLOCKAGES IN THE MAKEUP AND PURIFICATION SYSTEM

Effect

(Continued)

Remedial Actions

2. J-wWay Vvalve

2.1 3-Way Valve Switches
from Letdown to LD
Tank to Coolant Pro-
cessing and Storage
Subsystem

2.2 3-Way Valve Switches
from Letdown to
Coolant Processing
and Storage Sub-
system to LD Tank

3. HPI Subsystem

3.1 3-Way Valve to
Connection With
Seal Return Line-
Letdown-Makeup
Operation or
Operation With
Deborating
Demineralizers

Flow to LD tank stops while
makeup to RCS continues at
previous flowrates., Low
LD tank level is alarmed
and the level signal may
automatically transfer
valve to original position,
Unless an alternate source
of mak<wp water to LD tank
is provided, the LD tank
will be drained possibly
resulting in damage to the
operating HPI pumps.

LD tank level will
increase and be alarmed
on high level.

Reduced letdown from RCS
results in makeup flow
throttled due to increasing
pressurizer level. Seal
injection results in a
continued net injection of
20 gpm and an alarmed low
LD tank level.

Operator manually can transfer
the 3-Way Valve to direct flow
to the LD tank, open the by-
pass line from the letdown
line to the makeup filters or
provide makeup to the LD tank
from the Coolant Storage Sub-
system. If LD tank level
cannot be maintained, the
operator must throttle makeup
flow to the RCS or trip the
HPI pumps.

Return 3-Way Valve to original
position or isolate makeup
flow from Coolant Processing
Subsystem to LD tank.

Operator can establish an
alternate letdown flowpath
or clear the flow blockage.
Minimum HPI pump flow recir-
culation must be maintained.
Continued operation may
require throttling seal
injection flow.
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TABLE 2,

FLOW BLOCKAGES . ™F MAXRU'P PHD PURIFICATION SYSTEM

Failure Location

Effect

3.2 3-way Vvalve to
Connection with
Seal Return Line-
Letdown to Bleed

Holdup Tank Operation

Seal Return Line
to LD Tank

3.3

Flow to LD tank stops while
makeup to RCS continues at
previous flowrates., Unless
an alternate source of
makeup water to LD tank is
provided, the LD tank will
be drained possibly
resulting in damage to the
operating HPI pumps.

Decreasing LD tank level
and iso!ated seal return
flow alert operator to the
situvation. Failure to
establish a flowpath from
the BWST or trip the HPI
pumps prior to draining the
LD tank could result in

HPI pump failure. If the
operator trips the HPI
pump(s), the RC pumps will
be operating without seal
injection. Injection from
the BWST will result in
increasing pressurizer level
due to the net 20 gpm seal
injection flowrate to the
RCS unless a letdown flow-
path to the Bleed Holdup
tank is established.

(Continued)

Remedial Actions

Operator can establish an
alternate letdown flowpath to
the LD tank or clear the flow
blockage. Continued operation
may require throttling seal
injection flowrate.

Operator must open a path from
the BWST prior to draining the
LD tank or trip the operating
HPI pump(s). To prevent
filling the pressurizer, the
flow blockage must be removed
or a letdown flowpath to the
Bleed Holdup tanks established.



TABLE 2. FLOW BLOCKAGES

Failure Location

LD Tank to HPI
Pump Suction
Piping

3.4

3.5 HPI Suction Piping

3.6 Operating HPI

Pump(s) Stop

IN THE MAKEUP

Ef fect

Low indicated makeup flow
rate and low seal injection
flowrate alarms alert oper-
ator to the situation.
Unless the operator trips
the operating HPI pump(s)
or establishes a flowpath
from the BWST rapidly, the
operating HPI pump(s) will
fail.

Low indicated makeup flow-
rates and low seal injection
flowrate alarms alert oper-
ator to the situation.
Unless the operator trips
the operating HPI pump(s)
rapidly, the operating HPI
pump(s) will fail.

Lew indicated makeup
fiowraten, ard low seal
injection flowrates alei:
operato: to the situvation
Continned letdown flow and
RC pump seal return flow
result in an increasing LD
tank level and a decreasing
pressurizer level,

AND PURIFICATION SYSTEM

(Continued)

Remedial Actions

Operator must open path from
the BWST or trip the operating
HPI pumps. To prevent filling
the pressurizer, the flow
blockage must be removed ur a
letdown flowpath to the Bieed
oldup tanks established. 1If
the operating HPI pump(s) fail,
the operator must establish a
flowpath through the remaining
operable HPI pump(s) for RC
pump seal injection and bora-
tion of the RCS,

Operator must trip the oper-
ating HPI pump(s). The oper-
ator may establish a flowpath
from the BWST through the
unblocked HPI pump(s) for RC
pump seal injection and bora-
tion of the RCS., To prevent
filling the pressurizer, the
flow blockage must be removed
or a letdown flowpath to the
Bleed Holdup tank established.

Operator may isolate letdown
flow and start an alternate

HPI pump after assessing

the reasun for the stoppage.
Letdown flow may then be
restored.




TABLE 2. FLOW BLOCKAGES IN THE MAKEUP AND PURIFICATION SYSTEM (Continued)

Failure Location

4. RC Pumps Seal Return
Subsystem

S. Makeup Subsystem

Effect

Seal injection flow
through the RC Pumps' #1
seals will cease. The
seal injection flow will
be directed through the
RC Pumps' labyrinth seals
to the RCS. Pump trip
may be required if flow
through one or both seals
cannot be reestablished.
In addition, minimum HPI
pump flow must be maintained.

Operator alerted to the
situation by decreasing
pressurizer level and
increasing LD tank level.
Continned operation would
slowly drain the pressurizer
resulting in a reactor trip.
With the pressurizer at an
initially low level, the
pressurizer may be drained
during the subsequent
transient.

Remediel Actions

Operator must estabiish a flow-
path from the #1 or #2 RC
Pumps' seals to the LD tank.

if the blockage stopped the HPI
pump recirculation line, mini-
mum HPI pump flow must be main-
tained by increasing letdown
flow if required.

Remove or bypass the flow
blockage using one or more of
the four HPI lines to the RCS
to restore pressurizer level,
1f required, reduce letdown
flow or boric acid/deminera-
lized water flows to prevent
filling the LD tank.



TABLE 2. FLOW BLOCKAGES IN THE MAKEUP AND PURIFICATION SYSTEM (Continued)

Failure Location Effect Remedial Actions
6. EC Pumps 3Seal (ajection Seal injection flow to one Restore seal injection,
Subsysten ot more RC pumps will cease. Observe RC pump procedures
Operator alerted to the for operaticn without seal

situation by seal injcction injection.
low flow alarms. Reactor
coolant will pass through
the iabyrinth seal (thermal
barrier) where it will be
cooled by the CC water
supplied to the pump. The
lower temperature reactor
coolant flows through the
RC Pumps' seals and back

to the LD tank.

7. Coolant Processing and
Stourage Subsystem

7.1 Letdown Path Ducreasing LD tank level Clear or bypass flowblockage
Through Deborating will result in the auto- and restore deborating
Demineralizers matic transfer of the demineralizer operation.

3-Way Valve to the LD
tank.

7.2 Letdown Path From Increasing pressurizer Operator manually can (ransfer
J-Way Valve to Bleed level will result in 3-Way valve to the LD tank.
Holdup Tank throttled makeup flow-

rate to RCS. LD tank
levei will increase.
Pressurizer level will
continue to increase due
to net RC Pumps' seal
injection fluwrate,



TABLE 2. FLOW BLOCKAGES IN THE MAKEUP AND PURIFICATION SYSTEM (Continued)

Failure Locution

Effect

7.3 Makeup Path tc
LD Tauk

Decreasing LD tank level
will result in the auto-
matic transfer of the
3-Way Valve to the LD
tank.

Remedial Actions

Clear or bypass flow blockage
and restore letdown flowpath
to ileed doldup tanks.



TABLE 3. FLOA INCREASES IN THE MAKEUP AND PURIFICATION SYSTEM

Failure Location Effect Remedial Actions

1. Letdown Subgystem

1.1 Letdown Path to Makeup valve t, RCS opens Attenpt to reduce flowrate or
3-¥Way valve-Normal in response tc decreasing manually isolate.
Letdown-Makeup pressurizer level. LD
Operation or tank level may increase.

Deborating Single LD cooler operation
Demineralizer could result in increased
Operation letdown fluid temperatures,

If sufficiently high,
letdown will be
automatically isolated
(see Table 2, Item 1.1;.

1.2 Letdown Path to Makeup valve to RCS opens Attempt te reduce letdown
3-Way Valve-Letdown in response to decreasing flowrate, If required,
to Bleed Holdup Tank pressurizer level, LD transfer X-way valve position
tank level decreases. to LD tank.

3-way vaive will
automatically transfer
letdown to LD tank if LD
tank level is sufficiently
low. Single LD cooler
operation could resust in
increasecd letduwn fluid
tewmperatures., If
sufficiently high, letdown
will be automatically
isolated.



TABLE 3. FLOW INCREASES IN THE MAKEUP AND PURIFPICATION SYSTEM (Continued)

Failure Location

2. 3-Way Valve

2.1 3-Way Vaive Switches
from Letdown to LD
Tank to Coolant Pro-
cessing and Storage
Subsystem

2.2 3-Way Valve Switches
from Letdown to
Coolant Processing
and Storage Sub-
system to LD Tank

3. HPI Pump Subsystem

3.1 Flowpath to LD Tark
from Coolant
Processing and
Storage Subsystem

3.2 Flowpath to HPI
Pumps from BWST

Flow te LD tank stops while

makeup to RCS continues at
previous flowrates, Low
LD tank level is alarmed
and the level signal may
automatically transfer
valve to original position,
Unless an alternate source
of makeup water to LD tank
is provided, the LD tank
will be drained possibly
resulting in damage to the
operating HPI pumps.

LD tank level will
increase and be alarmed
on high level,.

Letdown tank ievel
increasee. Excessive
addition of demineralized
water will result in
control rod insertion and
automatic termination of
demineralized water flow
to LU tank.

LD tank levzl will
increase.

Remedial Actions

Operator manually can transfer
the 3-Way Valve to direct flow
to the LD tank, open the by-
pass line from the letdown
line to the makeup filters or
provide makeup to the LD tank
from the Coolant Storage Sub-
system. If LD tank level
cannot be maintained, the
operator must throttle makeup
flow to the RCS or trip the
HPI pumps.

Return 3-Way Valve to original
position or isolate makeup
flow from Coolant Processing
Subsrystem to LD tank,

Reduce or isolate flow from
boric acid or blead holdup
tanks. Transfer letdown flow
to LD tank if required.

Isolate BWST from HPI pump
subsystem,



TABLE 3. FLOW INCREASES IN THE MAKEUP AND PURIFICATION SYSTEM (Continued)

Failvre Location

Effect

4. Seal Return Subsystem

S. Makeup Subsystem

6. RC Pump Seal Injection
Subsystem

Makeup flow to RCS auto-
matically increased in
response to decreased
pressurizer level.

Operator alerted to the
situation by increased
pressurizer level and
and decreased LD tank
level.

Increasing pressurizer
level will result in
eutomatic throttling of
makeup flow to RCS to
compensate for increased
seal injection,

Remedial Actions

Observe operating procedures
for increased seal return flow
which may be indicative of a
damaged RC pump #1 seal.

Attempt to tnrottle makeup
flowrate, Increase letdown
flowrate if required to prevent
filling pressurizer or draining
LD tank.

Attempt to throttle RC pump
seal injection flow.



TABLE 3. FLOW INCREASES IN THE MAKEUP AND PURIFICATION SYSTEM (Continued)

Failure Location Effect Remedial Actions

Ts Coolant Processing and
Storage Subsystem

7.1 Flowpath to Bleed Makeup valve to RCS opens Attempt to reduce letdown
Holdup Tanks from in response to decreasing flowrate, If required,
Letdown Subsystem pressurizer level. LD transfer 3-way vaive position

tank level decreases. to LD tank.

3-way valve will
automatically transfer
letdown to LD tank if LD
tank level is sufficiently
low. Single LD cooler
operation could result in
increased letdown fluid
temperatures. If
sufficiently high, letdown
will be automatically

isolated,

7.2 Flowpath to HPI Letdown tank level Reduce or isolate flow from
Subsystem from increases. Excessive boric acid or bleed holdup
Coolant Processing addition of demineralized tanks. Transfer lotdown flow
and Storage Subsystem water will result in to LD tank if required,

control rod insertion and
autcmatic termination of

demineralized water flow

to LD tank.



TABLE 4.

Failure

LOSS OF CHEMICAL ADDITION, COOLANT PURIFICATION CAPABILITY

IN THE MAKEUP AND PURIFICATION SYSTEM

Effect

Boric Acid Makeup From
Concentrated Boric Acid
Tanks to LD Tank Fails

Deminecaiized Water
Makeup to LD Tank
Fails

Lithium Hydroxide
Addition to LD Tank
Fails

Hydrazine Addition to
LD Tank Fails

None during normal
operation,

Failure to reduce the boric
acid concentration of the
reactor coolant will result
in a slow decrease in core
powe: due to decreasing
core reactivity.

Slow decrease in pH of

reactor coolant. 1If pH
exceeds specifications,
plant shutdown will be

required.

None during plant power
operation. Hydrazine is
required in the RCS only
during plant shutdown for
oxygen concentration
reduction (Note: hydrazine
is used during power
opcration for feedvater
oxyyen control. If
feedwater oxygen
concentration exceeds
specifications, plant
shutdown is required.).

Remedial Actions

If required for plant shutdown,
concentrated boric acid may be
added to the LD tank from the
boric acid mix tank or lower
concentration boric acid may be
injected from the BWST to the
RCS.

Restore demineralized water
makeup to LD tank,

Monitor pH of reactor coolant.
Restore lithium hydroxide
addition to LD tank or shutdown
pilant if required.

Restore hydrazine aldition
capability.



TABLE 4.

Failure

Effect

Hydrogen Supply to LD
Tank Isolated

Purification
Demineralizers
Bypassed or Depleted

Letdown Filte:rs Bypassed

Slow reduction in hydrogen
concentration and increase
in oxygen concentration in
reactor coolant, If oxygen
concentration exceeds
specification, plant
shutdown is require”

Slow increase in reactor
coolant impurities. If
dissclved impurity
concentration of reactor
coolant exceeds
specifications, plant
shutdown may be required.

Letdown filters and
purification demineralizers
unavailable for removal of
particulates from reactor
coolant., RC pump seal
piotected by seal injection
filters. Effects of
bypessing purification
demineralizers discussed in
Item 5. Other effects
unknown.

LOSS OF CHEMICAL ADDITION, COOLANT PURIFICATION CAPABILITY

IN THE MAKEUP AND PURIFICATION SYSTEM (Continuad)

Remedial Actions

Moritor oxygen concentration
in reactor coolant, Restore
hydrogen addition to LD tank
or shutdown plant if required.

Monitor reactor coolant
chemistry. Restore
purification demineralizer
operation or shutdow: plant if
required.

Restore purification
demineralizers and letdown
filters to operation.



TABLE 4. LOSS OF CHEMICAL ADDITION, COOLANT PURIFICATICH CAPABILITY
IN THE MAKEUP AND PURIFICATION SYSTE¥ (Continued)

Failure Effect Remedial Actions
8. Seal Injection Filters Filter unavailable for Restore seal injection filters
Bypassed removal of particulates to operation.

prior to injection through
RC pump seals. Unless
bypassed, purification
demineralizers and/or
letdown filters can

remove coolant particulates,



TABLE 5. CONTROL INSTRUMENTATION KALFUNCTIONS IN THE MAKEUP AND PURIPICATION SYSTEM

Failure

3. Spurious ES Signals
(1 or 2 Output Channels)

- 4 Spurious NNI Automatic
Control Signals
(Circuit Failures)

2.1 High Letdown Fluid
Temperature Circuit
Isolates Letdown
Valve HP-5

Letdown ard seal retuin
lineg isolated, 2 or 3} HPI
pump injection mode
initiated. RC pumps
continue to operate with
seal injection flow
directed through the
labyrinth seals (thermal
barrier) unless the RC
pumps are manually tripped
by the operator.

Letdown flow isolated.
Makeup flow will he
throttled automatically
based on increasing
pressurizer level.
Pressurizer level will
continue to rise slowly
and the LD tank level
drop due to the net 20 gpm
seal injection input
(See Table 2, Item 1.1,
112)0

Remedial Actions

After confirming no emergency
cendition exists, the operator
may bypeis the ES system,
restore letdown and seal return
flow, and return to pressurizer
level controlled, single HPI
pump makeup operation.

Operator alerted to the
sitnation by high letdown
temperature alarm. The
operator can manually restore
letdown flow and repair
temperature circuit.



TABLE 5.

———

Failure

2.2

2.3

2.5

Low LD Tank Level,
"CRD Dilution
Permit" or the
"Batch Complete"
Circuits Transfers
3-Way Valve From
the Coolant
Processing and
Storage Subsystem
to the LD Tank

Pressurizer Level
Control Circuit
Opens Makeup
Contrel valve
(HP-126)

Pressurizer Level
Control Closes
Makeup Control
Valve (HP-120)

RC Seal Injection
Flow Control
Circuit Closes
Control Valve
HP-31

(Continued)

Effect

MU&P system operation
transfers from "Bleed and
Feed®™ Lo normal letdown-
makeup operation.*

Flow increase - makeup
subsystem. See Table 3,
Item 5.

Flow blockage - makeup
subsystem. See Table 2,
Item 5.

Seal injection flow ceases
and low flow is alarmed.

RC pump continue to operate
with reactor coolant cooled
in the labyrinth seal,

pa <ing throvah the # shart
seal and returning through
the seal return subsystem.

CONTROL INSTRUMENTATION MALFUNCTIONS IN THE MAKEUP AND PURIFPICATION SYSTEM

Remedial Actions

The operator is alerted to the
situation by a spurious low
level alarm if the LD tank
level transmitter failed low.

See Table 3, Item 5.

See Table 2, Item 5.

Operator slowly restores seal
injection fiow by manually
opening HP-31 or its bypass
valve HP-140.

*Assumes the signal from the 3-Way Valve Operator (HP-14) to the Coolant Processing and Storage

Isolation Valve (HP-16) closes the isolation valve.

Table 3,

Item 7.2.

If isolation valve remains open, see



TABLE 5. CONTROL INSTRUMENTATION MALFUNCTIONS IN THE MAKEUP AND PURIFICATION SYSTEM

(Continued)
Failure Effect Remedial Actions
2.6 RC Seal Injection Small increase in flowrate Operator manually can throttle
Flow Control expected. The long term HP-31.
Circuit Opens effects on the RC pumps and
Control Valve whether the increased flow
HP-31 is sufficient to trip the
high seal P alarms is not
known.
3. Spurious NNI Automatic
Control Signals (NNI
Power Failures)
3.1 Failure of The makeup control (HP-120) Emergency procedure for loss ot
Panelboard KI and letdown contrel valves' KI bus, EP/O/A/1200/3, must be
Power to ICS/NNI controls transfer to manual followed. These actions should
with their power supply include taking manual control
automatically transferring valve (EP-120) and the turbine
to Panelboaru KU. The bypass valves and verifying
valves will remain in other automatic actions.

position. The seal
injection control valve
(HP-31) automatic control
will continue to function
with its power supply
automeiically transferring
to Panelboard KU. A
spurious low LD tank signal
will result in 3-way valve
(HP-14) transferring
letdown flow to the LD
tank. Numerous other plant
controls, alarms and
indicators deenergized

(See Section ___ ),



TABLE 5.

Failure

Failure of Hand
Power to ICS/NNI
(Branch HX)

3.2

3.3 Failure of Auto Power
to ICS/NNI (Branch H)

(Continued)

Effect

E/P transducers for the
letdown (HP-7), makeup
(HP-120) and RC pump seal
(HP-31) flow control valves
freezing in position.

Power to these transducers
may be transferred to
Panelboard KU (whether

this transfer is automatic,
as with loss of KI, or
manual is unknown). The
3-Way Valve (HP-14) will

be switched to transfer
letdown flow to the LD
tank. Numerous other plant
controls, alarms are
deenergized (See Section __ ).

Automatic transfer of the
makeup flow controi to
manual will occur. The
valve (HP-120) will remain
in position. Numerous
other plant controls,
alarms and indicators are
deenergized (See Section

CONTROL INSTRUMENTATION MALFUNCTIONS IN THE MAKEUP AND PURIFICATION SYSTEM

Remedial Actions

Operator must foliow applicable
procedures for loss ot Hand
Power. These actions should
includue transferring (or
verifyin; the transfer) the
power for the makeup, seal
injection and turbine bypass
valves to KU, tripping the main
feedwater pump and verifying
the automatic initiation and
control of emergency feedwater.

Operator must follow
applicable procedures for loss
of autopower. These actions
should include taking manual
conciol of makeup flow,
tripping the main feedwater
pumps and verifying the
automatic initjiatiow and
control of emergency feedwater
and turbine bypass valves.



TABLE 5. CONTxOL INSTRUMENTATION MALFUNCTIONS IN THE MAKEUP AND PURIFICATION SYSTEM

Failure

3.4 Failure of Hand
Pover Branch H1X
to ICS/NNI

3.5 Failure of Hand
Power Branch H2X
to ICS/NNI

(Continued)

Effect

Automatic control of makeup
valve HP-120 operable., If
manual contiol of valve at
ICS Hand Station selected,
valve will cpen or close to
midposition. Numerous other
(non-letdown/makern) plant
crntrols, aiarms an«
indicators aire deenergized
(See Section ___ ).

E/P transducers for the
letdown (HP-7), Makeup
(HP-120) and RC pump seal
(EP-31) flow control valves
are deenergized resulting
in those valves freezing in
position. Power to these
transducers to Panelboard
KU (whether this transfer
is automatic as with loss
of KI, or manual is
unknown). The 3-Way Valve
(HP-14) will be switched

to transfer letdown flow

to the LD tank. Other
makeup/letdown alarms and
indicators will also be
deenergized.

kemedial Actions

Operator must follow applicable
procedures for loss of HlX
power. These actions should
include transfercing t.  YHine
bypass valve controls to KU

and manually controlling thew,
trippi.g *he main feedwater
pumps and verifying the
automatic initiation and
control of emergency feedwater.

Operator must follow applicable
procedures for loss ot H2X
Power. These actions slouid
include transferring ({(or
verifying the transfer) the
power for the makeup and seal
injection to KU. Operator
should be cauticoed to verify
operability of indicators he
uses,



TABLE 5.

Failure

3.6 Failure of Auto Power
Branch HiI to ICS/NNI

3.7 Failure of Auto Power
Branch H2 to ICS/NNI

{Continued)

Effect

Automatic transfer of the
makeup flow control to
manual will occur. The
valve (HP-120) will remain
in position. Numerous
other plant controls,
alarms and indicators are
deenergized (See Section

—

Numerous RC pump and LD
tank alarms spuriously
annunciate and indicators
deen=rgized. Although no
automatic controls are
affected, if the operator
trips the RC pumps, they
cannot be reg'arted due
to the spurious low seal
injection flow interlock.

CONTROL INSTRUMENTATION MALFUNCTIORS IN THE MAKEUP AND PURIFICATION SYSTEM

Remedial Actions

Operator must follow applicable
procedures for loss or HIl.
These actions shouid in.lude
taking manual contrel ot makeup
flow, tripping the main
feedwater pumps and verifying
the automatic initiation and
control of emergency feedwater
and turbine bypass valves.

Operator should be cautioned to
verify operability of alarms
and indicators used for plant
control/recovery.



TABLE 5.
(Continued)
Failure Effect
Power for Selected Indicated high pressurizer

3.8

Pressurizer Level
Transmitter Fails

(Branch HEX,
or KU)

HEY

level will result in makeup
control valve HP-120
closing. Pressurizer level
will decrease and LD tank
level willi increase. In
addition, if HEX or HEY
failed power is selected fox
the SG startup level
transmitter, low indicated
SG startup level will result
in overfilling the affected
SG resulting in an automatic
trip of the main feedwater
pumps. If KU failed power
is selected, the power
computer will be lost,

CONTROL INSTRUMENTATION MALFUNCTIONS IN THE MAKEUP AND PURIFICATION SYSTEM

rkemedial Actions

Operator is alerted to the
sitvation by high indicated and
alarmed LD tank level. The
operator should be cautioned to
verify the operability of
pressurizer level indications
and alarms. Once the power
failure is identified the
operator may select one of the
two operable pressurizer level
transmitters for indication and
control.



1.

TABLE 6. COOLING

Failure

Component Cooling (7C)
System Failures

e Loss of CC wWater
to Operating LD
Cooler

Loss of CC (Unit 1)

Low Pressure Service
Water (LPSW) System
Failures

2.1 Loss of LPSW to
Operating HPI Fump
Motor Bearings

WATER FAILURES IN THE MAKEUP AND

Effect

Increase in letdown fluid
temperature resulting in

automatic letdown isolation.

See Table 2, Letdown
Subsystem.

In addition to letdowr flow
isolation, cooling water
will be logt to RC Pump
labyrinth seals and CRDM
cooling jackets., RC Pump
can continue to operate
without CC, however, loss
of CRDM cooling may result
in reactor trip.

Motor bearing will overheat
eventually requiring HPI
pump trip. [Long term
operation would damage
bearings,

PUORIFICATION SYSTEM

Remedial Actions

Restore CC flow to operating
or standby LD cooier and place
in operation., See ailso Table
2, Letdown Subsystem.

nHestore CC flow to LD cooler
and other required components,

Restore LPSW to operating pump
or trip operating WPI pump and
start backup HPI pump.




TABLE 6.

Failure

Effect

2.2 Loss of LPSW

3. Recirculating Cooling
Water (RCW) System
Failures

3.1 Loss of RCW to
Operating Seal
Returr Cooler

In addition to loss of
motor bearing cooling for

COOLING WATER FAILURES IN THE MAKEUP AND PURIPICATION SYSTEM

the three HPI pumps, cooling

water to Unit 1 and 2 CC

coolers (see Item 1), the RC

pump mo.or —earing coolers,
emergency feedwater pump
and turbine coolers, LPI
coclers, RB cooling units,
etc., will be lost,

Gradual increase in seal
return temperature due to
heat addition from RC puap
seals and HFI pump. It is
not known whether or how
quickly the temperature
could zise to the point
whore the HPI pump NPSH is
inadequate,

(Continued)

Remedial Zfctions

Depending on the mode of
failure, the backup LPSW pump
may be started, the HPSW system
may be used or the cause of
failure (e.g., blockad LPSW
suction strainers, loss of AC
power) may be removed.

Restore RCW to operating coolier
or place standby cooler in
operation., If seal return
coolers' cooling water still
unavailable, increased letdown
and isolate HPI pump
recirculation loop if required.



TABLE 6. COOLING WATER FAILURES IN THE MAKEUP AND PURIFICATION SYSTEM (Coutinued)

Failure Effect Remedial Actiors

Loss of RCW

Iin addition o0 the above,
cooling water to the main
feedwater and condensate
pumps (drivers) resulting
in a loss of main feedwater,
loss of gpent fuel pool
cooling, loss of cooling to
air compressors plus loss
of cooling to other
miscellaneous functions.
Reactor and turbine trip
expected. Loss of air
compressor cooling water
result in loss of air
compressors A, B, and C
(existance of backup
compressors urnknown), and
assumed isolation of
letdown, seal return and
makeuy flows (see Table 6).
Loss of main feedwater will
result in automatic switch
of emergency feedwater with
pneumatic control valves
automatically supplied from
a backup N, tank,

Follow emergency procedures for
logs of instrument air,

Restore cooling water and air
supply to pneumatic valves and
restore letdown makeup
operation. If air supply
cannot be restored, manuaily
restore makeup to RCS from BWST
or makeup tank, provide makeup
to LD tank Zrom letdown or
Bleed Holdup/Boric Acid tanks,
if requir~d, restore ! =tdown to
LD tsck or Bleed Holdup tank,
and restore seal return to the
LD tank.



TABLE 7.

Failure

Effect

Loss of Tnstrument Air

Pneumatic valves in the
letdown line, seal return
line, ERCS makeup line and
the makeup line from the
coolant storage subsystem
close; the seal injectien
control valve opens and
preumatic valves in other
systems move to their
failure poeition., Seal
injection flow is passed
through the RC pump
labyrinth seals bypassing
the #1 and #2 shaft seal
and resulting in an
increasing pressurizer level
and decreasing LD tank lzvel.
Main feedwater will trip on
high SG level (assuming
reactor tiip following loss
of instrument air pressure)
and emergency feedwater
will be initiated and
contre:led using backup

N, tanks for pneumatic
control valvez.

INSTRUMENT AIR FAILURES IN THE MAKEUP AND PURIFICATION SYSTEM

Remedial Actions

Operator must follow emeragency
procodure for loss of
instrument air. Manually
restore instrument air and/or
manually restore letdown, seai
return and makeup flows.



TABLE 8. EFJECT OF AC ELECTRIC POWER FAILURES IN THE MAKEUP AND PURIFICATION SYSTEM

Failure

1. 4160 VAC Bus iTC
Deenergized

Effect

o Operating HPI pump PI1A

stops, termirating seal
injection and makeup to
RCS.

LPSW pump A stops,
reducing cooling water
flow to Unit 1 and 2
serviced components by
50% including the
component coolers., A
gradual increase in
letdown temperature is
expected which may result
in automatic isolation
of letdown.

RCW pump D, {f in
operation, stops,
reducing the cooling
water flow to Unit i, 2
and 3 serviced components
by 33%. Overall effects
of the RCW reduction are
not known; the specific
impact ou the seal return
temperature is expected
to be minor.

Remedial Actions

Start standby HPI pump PIB,
standby LPSW pump B and the
standby RCW punp. If required
open the letdown isolation
valve which may close on high
letdown temperature. Restose
bus 17TC to service.



TABLE 8. EFFECT OF AC ELECTRIC POWER PAILURES IN THE MAKEUP AND PURIFICATION SYSTEM

(Continued)
Failure Ef fect Remedial Actions
1. 4160 VAC Bus 17C 0 One or both HPI discharge
Deenergized (cont'd) valves (HP-26, 27) and

one or both BWST
isolation valves to the
HPI pumps (HP-24, 25)
may be deenergized and
not able to open if
powered via bus TC,

o The discharge valve from
both letdown coolers A
and B (HP-3, 4) may be
deenergized and not able
to close if powered via
bus TC.

0 Air compressor motor B
is deenergized and stops
if energized via buses
XF, X1 and TC. The air
supply to serviced
components is assumed
to be provided by
compressors % and C.

2, 4160 VAC Bus 1TD o Standby HPI pump PIB Restore bus 17D to service.
Deen2rgized and standby LPSW pump B
(if connected to bus 1TD)
deenergized and
unavailable if required.



TABLE 8. EFFECT OF AC ELECTRIC POWER FAILURES IN THE MAKRUP AND PURIVICATION SYSTEM

(Continued)

Failure

y 4160 VAC Bas 1TD
Deenergized (cont®d)

3. 4160 VAC Bus 1TE
Deenergized

Effect

0 One or both HPI discharge

valves (HP-26, 27) and
one or both BWST
isclation valves to the
HPI pumps (HP-24, 25)
may be deenergized and
not able to open if
powered via bus TD.

The discharge valve from
both letdown coolers A
and B (HP-3, 4) may be
deenergized and not able
to close if powered via
bus TD.

Air compressor motor A
is deenergized and stops
if energized via buses
Xy, X2 and TD. The air
supply to serviced
components is assumed

to be provided by
compressors A and C.

Standby HPI pump PiC
decnergized and
unavailable if required.
If RCW pump A is in
service, it will stop,
reducing cooling water
flow to Unit 1, 2 and 3
serviced components by
33%.

Renedial Actions

Start standby RCOW pump if RCW

pump A was in service.
bus 1TE to service.

Restore



TABLE 8,

Failure

3.

4160 VAC Bus 1TE
Deenergized (cont'd)

600 VAC, 208 VAC Buses
XL Deenergized

600 VAC, 208 VAC Buses
XN Deenergized

(Continued)

Effect

o Compressor Motors A and/
or B may be deenergized
and stop if powrred via
backup buses XX and TE.
The ability of compressor
C, assumed to be powered
from a Unit 2 or 2 bus,
o meintait alr pressure
18 unknovn (see Table 7,
Failure of Instrument
Air).

The distillate pump, low
pressure boric acid pump A,
boric acid mix tank
agitator and heater
deenergized. Effect of
this failure on plant power
operation expected to be
small.

The low pressure boric acid
pump B and the lithium
hydroxide pump and tank
agitator deenergized.
Effect of this failure

on plant power operation
expected to be small.

EFFECT OF AC ELECTRIC POWER FAILURES IN THE MAKEUP AND PURIFICATION SYSTEM

Remedial Actions

Restore power to the XL buses.
Concentrated boric acid
requiremencs can be supplied
via boric acid pump B.

Restore power to the XN buses.
Concentrated boric acid
requirements can be supplied
via boric acid pump A.

Lithium hydroxide can be
added using the hydrazine

pump.



TABLE 8. EFFECT OF AC ELECTRIC POWER FAILURES IN THE MAKEUP AND PURIFICATION SYSTEM

(Continued)

Failure

600 VAC Buses XS1,
XS2, X8 or X9
Deenergized

208 VAC Bus XSl

408 VAC Bus XS2

wifect

0o One or both HPI discharge
valves (HP-26, 27) and
one or both BWST
isol ;tion valves to the
HPI pumps (HP-24, 25) may
L2 deenergized and not
able to open if energized
via XS1, XS2, X8 or X9.

o The discharge vaive from
both letdown coolers A
and B (HP-3, 4) may be
deenergized and not able
to close if energized via
XS1, XS2, X8 or X9.

BWST isolation valve to the
TPI pumps (HP-24) and the
HPI pumps A and B HPI
discharge valve (HP-26)
deenergized and not able

to opern if required.

BWST isolation valve to the
EPI pumps (HP-25) and the
HPI pr—p C HPI discharge
valve (HP-27) deenergized
and not able to open if
required.

Remedial Actions

Restore power to deznergized

Restore Bus XSl to service.

Restore Bus XS2 to service.
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the major effects for each subsystem are also
reactor

building isclation failure are

n though process signals that

potentially induce operator response

given an incorrect signal, such responses were
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from various

roinated letdown flow

purification demiperalizer
from the subsysten.
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These effects
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letdown flow to
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TABLE 9. FMEA SUMMIRY FOR SUBSYSTEM 1.0:
LEYDOWN COOLERS TO 3~WAY VALVE HP-1§ (HP-710)

Effects at Subsystem Interface

Precipitating Faults/Failure Modes

; Reduced Letdown Flow to 8
3-Way Valve HP-14 (EP-V10)

b.

2 Increased Letdown Flow to a.
3=-Way Valve EP-14 (HP-V10)

b.

Internal component failures (normal'y
closed manuai valves fail open creating
seaks or allowing some letdown flow to
bypass HP-14 (HP-V10); relief valves
spuriously open; if control valve HP-G
(1HP-V8) NC fail: open, then letdown
flow may leak to Unit 2 if HP-X2 is
being used by Unit 2 and the pressure
of Unit 1 letdown flow is greater than
that of Unit 2 letdown flow; tube
rupture in letdown cooler EHP-C1A or
HF-C1B)

Spurious control signal (if spurious
signal correspondirs to the open
position is receivec by HP-9 (1HP-V8)
NC, then letdown  low may leak to
Unit 2 if HP-X2 i: being used by
Onit 2 and the prossure of Unit 1
letdown flow is grealer than that of
Unit 2 letdown fl.w)

Internal componen' failures (manual or
control valves whizn are NC fail open
resulting in increased letdown flow)

Spurious control signal (if spurious
signzl corresponding to the cpen
position is received by HP-7 (HP-VS),
then increased letdown flow results;
if spurious signal ccrresponding to
the open position is receivaed by HP-9
(1BP=V8) or EP=11 (1EP-VG), then
increased letdcwn flow may result from
an influx of Unit 2 letdown flow if
HP=-X2 is being used by Unit 2 and the
pressure of Unit 2 letdown flow is
greater than that of Unit 1 letdown
flow)



TABLE 9. FMEA SUMMARY FOR SUBSYSTEM 1.0:
LETDOWN COOLERS TO 3-WAY VALY: HP-14 (HP-V10)

(Coutinued)

Effects at Subsystem Interface

Precipitating Faults/Failure Modes

3. Letdown Flow to 3-Way
Valve 0TP-14 (BP=V10) is
Terminated

y, Reactor Cooclant Leaks

5. Chemistry of Letdnwn Flow
to 3~kKay Valve HP-14
(BP=V10) is Altered

6. Increase in Temperature
of Letdown Flow to 3-Way
Valve HP-14 (HP-V10)

Juternal component failures (manual or
control valves which are NO fail closed
obstructing letdown flow; resin beads
in purification demineralizer HP=X1
melt resulting in flow blockage)

Spurious control signal (if spurious
signal ordering closure is received by
any one: HP-1 (HP-V1A), HP-3 (HP-V24),
HP-5 (BP-V3), HP-6 (HP-V4), or HP-8
(HP-VT), then letdown flow stops)

Loss of cooling water flow to the
operating cocoler (HP-C1A or HP-C1B) will
result in increased letdown temperature
and subsequent termination of letduwn
flow due to automatic closure of HP-5
(HP=-V3)

Internal component failures (marual or
control valves which are NC fail open
creating l2aks; tube rupture in letdown
cooler HP=C1A or HP-C1B)

Spurious control signal (if spurious
signal corresponding to the open
position is rece.ved uy HP-9 (1HP-V8),
then letdown flow may leak to Unit 2

if HP-X2 is being used by Unit 2 and

the pressure of Unit 1 letdown flow is
greater than that of Unit 2 letdow: flow

Valve HP-13 (HP-V6) NC fails open due to
internal fault or spurious control
signal and allows the letdown flow to
bypass purifi...lon demineralizer

HP-X1 and proceed directly to 3-way
valve HP-14 (HP-V10)

Loss o” cooling water flow to the
operating letdown cooler (HP-C1A or
HP-C1B)



TABLE 9. FMEA SUMMARY FOR SUBSYSTEM 1.0:
LEYDOWE COOLERS TO 3-WAY VALVE HP-14 (HP-V10)
(Coninued)

Effects at Subsystem Interface Precipitatirs Faults/Failure Modes

7. Incorrect Pracess Signals a. Internal component failures in

to I&C System and Control transmitters
Rocm
- Letdown Flow b. Loss of power supply to transmitter

- Cooler Discharge
Temperature



Increased letdown flcw can result from normally closed manual or control
valves such as HP=42 or HP-T7 (HP-VS) being opened or failing open. Increzsed
latdown flow can also occur if a spurious control signal opens HP=T (HP=VS),
HP=¢ (1HP=V8), or HP=11 (1EP=Vg), If such a signal is received by HP=9 (1HP-
V8) or HP=11 (1BP-V9), the increased letdown {low results from addition of
Unit 2 letdown flow.

Termination of letdown flow can result from internal! component failures and
spurious control signals., Normally open manual or control valves can fail
closed obstructing letdcwn flow, resin beads in purification demineralizer HP-
X1 can agglomerate and plug resulting in flow blockage, or a main pipe or
orifice can plug obstructing flow. Spurious control signal ordering clcsure
to EP=1 (EP=V14), BP-3 (HP-V2A), EP=5 (HP-V3), HP=6 (EP-V4), or HP-E (HP=VT),
can also terminate letdown flow.

Reactor coolant leaks can occur due to internal valve seal failures, pipe
leaks, or z tibe rupture in letdown cocler HP=-C1A or HP=-C1B

Subsystem failures resulting in bypassing of the purification demineralizers
may result in failure to remove RC impurities., If the normally closed valve
EP=13 (HP=-V6) fails cpen due to internal faul: or spurious control signal. the
letdown flow would bypass the purification demineralizer,

A los3 of cooling water to the operating cocler would result in an increase in
tenperature of the letiown flow out of the subsystem. High cocler discharge
temperature initiates isclation of the discharge upstream of the deminera-
lizer, isclating letdown flow. If the temperature interlock failed to close
the letdown isoclaticn valve HP=5 (HP=V3) upon loss of cooling water to the
cperating cooler, the purificaticn ¢2mineralizer HP-X1 could experience
excessive heating causing resin beads to derompose or melt and subsequently
block letdown flow.



3.3.2 ACE Seal dater Returs

Single failures within the =-al raturn subsystem cin result in the following
effects at the subsvstem iuterfaces: blockage of flow from the RC pump seals;
loss of, or reduced flow to the letdown storage tank (LST); and, temperature
effects on discharge flow to the LST (high and low). Other effects of sub-
system failures include reactor coolant leaks to the RCW or the auxiliary
dpuilding; incorrect process indicators (flow, pressure, temperature signals);
and, lack of systez isolation when demanded. Table 10 lists the distinct
effects that result from subsy~tem failures along with a summary of the
precipitating faults, organized zccording to the fault source.

Different degrees of flow btlockage from the RC pump seals can result from
subsystem failures, B3lockage from a sinrgle pump can result from valve
failures or blockages on one of the return lines from the individual pumps.
If a blockage on a seal leak-off line (the normal seal return path) is
detected, “he seal bypass lines can be opened. Ffince the bypass lines are
shown to be used only in the evert of an existing #1 seal-leak-off blockage
(Reference 1), a failure only in a bypass line or header would not result in a
change froa‘ the normal operaticg status, (It should be noted that operating
th~ RC pumps with zero flow through the #2 {2ce seals (seal bypass) is no.
common; increased seal wear may be occurring.)

Seal blockage from all four RC pump can result from any blockage in the common
seal return header upstream of the LST. Potential failures in this category
include: filter plugging; cocler tube blockage; and failed closed reactor
building (RE) isclation valves and irnline valves such as filter isolation
valves, cooler isolation valves, and check valves., In addition to internal
faults or inadvertent closure of a valve, loss of instrument air can result in
the closure of the pneumatic RB isoclation valve; a spurious signal from the
J&C system car close the other RE isolation valve; and a spurious ES signal
can close them both., If detected, blockaéges associated with the filter or
coolers can be bypassed with local action.



TIBLE 10, FMEA SUMMARY FOR SUBSYSTEM 2.0:
RCP SEAL WATER RETURN

ffects at Subsystem Interface Precipitating Faults/Failure Modes

Seal Leak-off Flow From a Spurious signal from I&C system closing

Sisgle RC Pump Stopped

Seal Bypass Flow Path
Blocked From a Single
RC Pump

Seal Return Bypass Fliow
Path Unavailable to All
RC Pumps

Seal Return Flow From
All RC Pumps Stopped

a motor operated valve or the seal
leakoff line

Componernt ‘ault within subsystem such as
the motor operated valve or one of the
manual isclation valves oi a seal
leakoff line failing closed (damage,
plugging, etc.) or being closed
inadvertantly

Component fault within subsystem (a
check valve or manual valve on a seal
bypass line failing closed or plugging)

Loss of control signal from I&C system
to the motor operated valve on the
bypass return header (HP-275)

Loss of electric puwer to the valve
described above, HP-275

Component fault within subsystem
(internal fault with valve HP-275)

Spurious signal from I&C system or ES
closing one of the two remote isolation
valves on the seal return header

(BP=-20 (HP-V12) and HP=-21 (HP-V13))

Loss of instrument 2ir fails remote

isolation valve closed on seal return
header (HP-21 (HP-V13))

Component fault within subsystem (remote
isclation valves, manual filter inlet
and outlet valves, manual seal return
cooler isclation valves or inline

check valves failing cloced, plugging,
or inadvertantly closed; or filter
plugging; or cooler heat exchanger tubes
blocked)




TABLE 10.

FMEA SUMMARY FOR SUBSYSTEM 2.0:
RCP SEAL WATEE RETURN
(Continued)

Effects at Subsystem Interface

Precipitating Faults/Failure Modes

5.

10.

1.

Higher Temperature
Discharge to Letdown
Storage Tank

Lower Temperature
Discharge to Letdown
Storage Tank

Reduced Seal Return Flow
to Letdcwn Storage Tank

Loss of Seal Return Flow
to Letdown Stcrage Tank

Reactor Coolant Leak
to RCW System

Loas of Reactor Coolant
Subsystem Not Isoiated

From Reactor Coclant
System When Denanded

Component fault within subsystem (seal
return cooler internal damage or vapor
lock)

Loas of Seal Injection Flow (Subsystem
n.O)
Loss of RCW to seal return cooler

Loas
line

of flow from HPI pump recirculation
(Subsystem 3.0)

Loss of or reduced seal injection flow
(Subsystem 4.0) or HPI pump
recirculation (Subsystem 3.0)

Component fault within subsystem (seal
return cooler tube rupture, subsystem
inline isclation or check valves
plugged, or subsystem leaks)

Component fault within subsystem (inline
isolation or check valves downstream of
HPI pump recirculation line failed
closed)

Component fault within subsystem (tube
rupture in seal return cooler)

Component faults within subsystem such
as leaks

Loss of contrecl signal from I&C to one
of the 4 motor operated valves on one
of the 4§ seal lzakoff lines

Loss of electric power to one of the 4
motor operated valves on cne of the 4§
seal leakoff lines



TABLE 10.

FMEA SUMMARY FOR SUBSYSTEX 2.0:
RCP SEAL WATER EETURN
(Continued)

Effects at Subsystem Interface

Precipitating Faults/Failure Modes

11.

12.

13.

14,

Subsystem Not Is: .led
From Reactor Coolant
System When Demanded
(cont'd)

Seal Return Flow
Continues to Letdown
Storage Tank When
Isclation is Demanded

Potential Loss of Vent
on RCP Vent Seals

Incorrect Process Signal

to I&C System and

Control Room

- Seal Leak-off Line
Pressures

- Seal Bypass Line
Pressures

- Seal Leak-off Line
Flows

Internal damage to one of the 4 moto»
operated seal leakoff line valves
(component fault within the subsystem)

Failure of control signal from I&C
system to close isclation valves on
seal return header (HEP-20 or HP-21)

Loas of electric power supply to remote
isolation valves on seal racurn header
(HP«20 or HP=21)

Loss of instrument air to remote
isclation valve on seal return header
(BP=21)

Component fault within subsystem
(remote isolation valves on seal
return header failing)

Motor operated isoclation valve to
Standpipe Fill (HP-276) fails open
due to internal fault

HP-276 opens on spurious signal from
I&C system

Electric power supply to transmitters
fails

Component fault within subsystem such
as instrument connectiorn leaks or
internal transmitter failures



Failures which result in reduced flow to the LST include ioss of seal
injectica flow (flow input frem t.k;c RC Pump Seal Injection subsystem); loss of
HEI pump recirculation flow (input from the HPI Pump subsystem); and component
faults within the subsystem, such as cooler tube rupture, leaks, or the inline
flow blockages that alsc result in RC pump seal blockage. Failures which
result in complete loss of flow to the LST are limited to closure failures
(blockages, inadvertent closure, etc.) of inline isolation and check valves
downstream of the HPI pump recirculation line inlet (just upstream of the seal

return coolers).

Temperature variations in the seal return discharge to the LST can result from
faults internal and external %o the subsystem. High discharge temperature can
result from internal cocler damage, vapor lock in the cooler, or loss of RCW.
Loss of flow from the HPI pump recirculation line (Subsystem 3.0) to the
system and through the coolér results in reduced flow and somewhat lower seal
return discharge temperature to the LST.

3.3.3 Letdown Jtorage Tank, Ioisl Fo.ters, and HPI Pumds

Failures in this subsystem prizi~ily affect output flow to RC makeup system
and RC pump seal injection. Irlet flow can also be btlocked from the seal
return subsystem if the check valve to the LST plugs or fails closed.
Component faults within the subsystem can alsc resuit in reduced Hy concen-
tration in the reactor coolant . .«xeup. Table 11 summarizes resulting failure
effects for this subsystem.

Affects on discharge flow from the subsystem to RC makeup and seal injection
include immediate loss of flow, reduced flow, and eventual loss of available
makeup, Failures that result in loss of available makeup in the LST can lead
to loss of NPSH to the HPI pumps (if the LST empties while feeding the HPI
pumps) and consequential pump damage or failure, These failures include
blockages upstream of the LST (ialine valves failed or inadvertently closed,
makeup fi.ter plugged as well as 1 ,s of instrument air or a spurious I4C
signal closing the makeup filter inlet valve), and loss of inlet flow to the
subsystem from letdown, seal return, or RC Bleed., If detected, most of the



TABLE 11.

FMEA SUMMARY FOR SUBSYSTEM 3.0:

LETDOWE STORAGE TANK (LST) INLET FILTER®, AND HPI PUMPS

Effects at Subsystem Interface

Precipitating Faults/Failure Modes

1.

Reduction and Eventual
Loss of Available Makeup
in the Letdown Storage
Tank

Incorrect Process Signal(s)
to I&C System and Control
Room

- Filter Pressure Drop

- LST Level

- LST Pressure

Reduction in
Concentration In Reactor
Coolant

Loss of Flow to RC Makeup
2nd ‘RC Pump Seals

c.

b.

b.

Component fault within subsystem
including various valves upstream of
the Letdown Storage Tank (LST) (and
the filter) plugging, failing cloysed,
or being inadvertantly closed

Loss of insirument air to the pneumatic
i3olation valve HP-18 (HP-V29B)
upstream of the LST and filter

Spuricus signal from the I&C system
closing EP-18

Loss of inlet flow from Subsystem 1.0
(RC Letdown)

Transmitter failure or instrument
connecticn leak (component fault within
subsystem)

Loss of electric power supply to
transmitter

82 supply valve blocked or LST vent
failed closed (component fault within
subsystem)

Incorrect cperator response (LST tank
overfilling) to faulted LST tank level
indication

Compcnent fault within the subsystem
such as valve faillures that cause line
blockage to or from the operating HPI
pump; or failure of the operating pump,
either from internal faults or damage
feom blockage induced deadheading of
the pump or loss of pump NPSH

Spurious sigral from the I&C system
causing the motor operated valves on
the operating pump suction or discharge
to close, or I&C control signal failure
to the operating pump



TABLE 11. FMEA SUMMARY FOR SUBSYSTEM 3.0:
LETDOWN STORAGE TANK (LST) INLET FILTERS, AND HPI PUMPS
(Continued)

Effects at Subsystem Interface Precipitating Faults/Failure Modes

4, Loss of Flow to RC Makeup c. Loss of electric power supply tc the
and RC Pump Seals (cornt'd) operating HPI pump

d. Incorrect operator response to faulted
LST tank level indication, resulting in
decreasing LST level and eventual HPI

pump damage
5. Reduced Flow to Either a. HPI pump discharge check valve failure
the RC Pump Seals or RC allowing backflow and flow diversion
Makeup through a nonoperating HPI pump, or
system leaks (component fault within
subsystem)
6. Loss of Flow to Either a. Inadvertant closure or valve failure
the RC Pump Seals or RC of the motor operated isolation valve
Makeup on the HPI pump discharge manifold

(HEP=119 (EP-V35A)) (component fault
within subsystem)

b. Spuriocus signal from the IiC systea
causing HP-119 to close

7. Flow Blocked From Seal a. Inlet check valve to LST failure due

Return (Subsystem 2.0) to plugging or damage (internal
component failure)

b. Incorrect operator response (LST tank
overfilling) to faulted LST tank
level indication



blockages can be bypassed from tne control room. However, the blockages that
restrict flow into the LST cannot be bypassed during steady state operation

Failures which result in immediate loss of RC makeup and seal injection
include: valve failures on the suction or discharge of the operating BPI
pump; and pump failures (both due to internal damage, loss of low pressure
service water, and loss of power supply). The precipitating valve failures
canp octur due to internal faults or due to a spurious I&C signal to certain
motor-cperated valves on the pump manifold. Flow can be lost to only the RC
makeup header or only to seal injection as a result of similar valve failures
on the HPI pump discharge manifold (internal faults, inadvertent closure,
spurious I&C signals). In most cases the system can be realigned with alter-
nate valving and/or an alternate EPI pump to restore flow. However, there is
potential for loss of NPSH and damage in bringing the alternate pump onstream
if sequencing and alignment are not correct.

Some reduction in subsystem discharge flow can result from a failed check
valve (loss of backflow prevention) on the discharge of a nonoperating HPI
pump. This failure mode would allow recirculation back through the none
operating pump and the operating pump suction, resulting in reduction of
actual discharge flow.

Deviations in RCS chemistry quality can occur as a result of two internal
subsystem faults as well as loss of inlet flows from the Chemical Addition
System. Internally the Hy supply valve to the LST tank can fail closed,
cutting off the Hy supply; and the vent valve on the LST can fail closed,
allowing potential accumulation of non-H, noncondensible gases in the LST and
reduction of H, mass transfer to the reactor ccolant,

Incorrect level indication in the LST due to trarsmitter failure, connection
leaks, or loss of power to the transmitter, could lead an operator to take
faulty remedial action. This could result in overfilling the LST, which could
reduce or stop Hy addition, or allowing the LST level to drop, which could
result in loss of NPSH to the HPI pumps and ultimate loss of subsystem dis-



charge flow to makeup and seal injection as discussed above.

3.3.4 AC Pupp Seal Iniectiop

The major effect of single failures within the seal injection subsystem is
loss of or reduced seal flow to the RC pumps., Other effects include increased
seal injection flow to a single pump ard incorrect process signals (pressure
and flow) transmitted to the I&C system and the control room. Table 12
summarizes resulting failure effects for this subsystem organized according to
the source of the failure.

Sabsystem failures can result in loss of seal injection flow to all four RC
pumps, loss of flow to only a single pump, increased flow to a single pump,
and reduced flow to a.l four pumps, Loss of seal flow to all four puaps can
result from blockages in the inlet beader (inline valves failed or ipnadver-
tantly closed, filters plugged, or orifice plugged) or .oss of inlet flow to
the system from the HPI pumps. Inline blockage féon fz._ure of the header
flow control valve failing closed can result from an I&. signal failure, in
addition to an internal fault. If detected, hlockages .ssociated with the
filter path or the control valve can be bypassed, but no Jypass exists in the
event of failure of the inlet block valve, Reduced flow t2 all four pumps can
result from partial failures of inline components, sys:iem leaks, and I&C=-
fault-induced failures of the neader flow control valve.

Component faults in onme of the four individual injection lines can result in
loss of seal injection to a single RC pump. Each lipe has a throttle vilve,
and a flow measuring nozzle, and check valves that could potentially fai.l
closed or plug. If one of the throttle valves fails open, increased flow to 2
single RC pump can result,

3.3.5 KHeactor Coolant Makeup

Single failures in the RC makeup subsystem can impact normal makeup flow to
the cold legs, cooling flow to the cold leg inlet nozzles and pressurizer
spray lines, and inlet flow rate from the letdown storage tapk in Subsyster
3,0 Table 13 sumzarizes the failure effects for this subaystem organized



TARLE 12. FMEA SUMMARY FOR SUBSYSTEM 3.0:
RC PUMP SEAL IRJECTION

Effects at Subrystem Interface Precipitating Faults/Failure Modes
s Seal Injection Flow to a. Component faults within subsystem
RC Pumps Stopped (san .al valves, or control valve on

inlet header failing closed, plugging,
or inadvertantly closed, filter or

orifice plugging)

b. Loss of instrument air potentially
failing header flow contr~ol valve
closed

¢. Loss of control signal from 1FT-75
potentially failing header control
valve closed

d. Loss cf electric power supply
potentially failing header control-
valve closed

e. Loss of flow from HPI pumps
(Subsystem 3.0)

2 Seal Injection Flow to 2. Component faults within subsystem
a Single RC Pump Stopped (manual throttle valves, check valves,
and isolation valves in individual RC
injection lines failing closed,
plugging, or inadvertantly closed)

3. Seal Injection Flow to a. Component faults within subsystem
a Single RC Pump Higher (manual throttle valve(s) on individual
Than Setpoint RC injection lines fail open or are
inadvertantly opened)
4, Reduced Seal Injection a. Component faults within subsystem as in
Flow to RC Pumps i.a, above but limited to partial

closures and plugging. Also system
leaks downstream of the control valve

b. Loss of electric power supply to seal
injection flow controller

¢. I&C signal failure to header flow
control valve



TABLE 12-. FMEA SUMMARY FOR SUBSISTEM 4.0:
RC PUMP SEAL INJECTION
(Continued)

Effects at Subsystem Interface

Precipitating Faults/Failure Modes

Se Incorrect Process Signal
to I&C System and Control
Room
- Filter Drop Pressure
- Injection Header Flow
- Injection Line Flows

Component faults within subsystem such
as instrument connection leaks and
internal transaitter failures

Loss of electric power supply to
transmitter



TASLE 13. FMEA SUMMARY FOR SUBSYSTEM 5.0:
REACTOR COOLANT (RC) MAKEUP

Effects at Subsystem Interface

Precipitating Faults/Failure Modes

1. Loss of Makeup Flow to
Reactor

2. Loss of Bypass Flow to
One or Two Reactor Cold
Leg Inlet Nozzles

3. Loss of Bypuss Flow to
Pressurizer Spray Line

5. Reduced Makeup Flow to
Reactor

5. Temporary Decreased Flow
Lo Pressurizer Spray Line

b.

b.

d.

Componen: fault within subsystem
(subsystem lnlet header block valve
failed closed)

Loss of flow input from EPI pumps
(Subsystem 3.0)

Component fault within subsystem
(inline manual valve or throttle valve
on one of the two minimum flow loops
fails closed from plugging or damage)

Loss of flow input from HPI pumps
(Subsystem 3.0)

Component fault within subsystem

(manual valves upstream of Pressurizer
Spray Line tee fail closed from plugging
or damage)

Loss of flow input from HPI pumps
(Subsystem 3.0)

Component fault within subsystem
(flow control valve (HP-120) or manual
isclation valves on main flow control
loop fail closed)

Instrument air system failure causes
the flow control valve on the wain
flow control loop (HP=-120) to fail
closed

Control signal fault from the I&C
system causes HP-120 to close down

Reduced flow input from HPI pumps
(Subsystem 3.0)

Component fault within subsystem
(control valve (HP=-120) in normal flow
path, or ES valve (HP-26) fail open,
diverting flow from spray line)



TABLE 13.

FMEA SUMMARY FOR SUBSYSTEM 5.0:

BRACTOR COOL'NT (RC) MAKEUP

(Ceoriinued)
Effects at Subsystem Interface Precipitating :ults/Failure Modes
5. Temporary Decreased Flow b. Instrument air system failure causes
to Pressurizer Spray Line the normal path flow control valve
{(cont'd) (HP=-120) to fail open
¢. Control signal fault from I&C causes
HP-120 of ES valve (HP=-26) to open up
6. Excess Makeup Flow to RCS, 2. Component fault within subsystem
Drop in Letdown Storage (motor operated valve (HP-26) on HPI
Tank Level, Potential emergency flow path fails open or is
Loss of HPI Pump NPSH, inadvertantly opened; or the flow
Increased Pressurizer control valve (HP=-120) on the makeup
Level flow path fails open)
b. Instrument air system failure causes
the flow control valve (HP=-120) on
the makeup flow path to fail open
¢. I&C system fault causes HP-120 to open
spuriously
d. Spurious signal from the IiC system or
ES causes the motor operated valve
(HP=-26) on the HPI emergency flow path
to opan
T Excess Flow to One of a. Component fault within subsystem
Two Reactor Cold Leg Inlet (manual throttle valve ‘n one of two
Nozzles, and Potential bypass flow loops fails open)
Drop in Letdown Storage
Tank Level
8. Excess Flow to Pressurizer a. Component iajult within subsystem
Spray lLine (manual throttle valve on minimum flow
loop upstream of pressurizer spray
line fails opey)
9. Flow Imbalance Between a. Component fault within subsystem

the Two Reactor Cold Legs
(Most Flow to One and
Little to the Other)

(orifice or check valve on one of two
reactor inlets plugged or failed
closed)



TABLE 13. FMEA SUMMARY FOE SUBSYSTEM 5.0:
REACTOR COOLANT (RC) MAKLEUP
(Continued)

ffects at Subsystem Interface Precipitating Faults/Failure Modes

Incorrsct Process Component fault within subsystem
Signal(s) te I&C System (transmitter failure or instrument
and Control Room connection leak)

- Makeup Header Flow

- Byvass Line Flows Loss of eleciric

power supply to
transmitter

b2
3
b
M
b
3
M
b3
§
3
4
3
3
3
M
3
<
:
s
:
3
2
%
s
:
:




according to the source of the failure

Failure effects on the pormal makeup flow to the cold leg include: .oss of
flow, reduction in flow, increased flow, and flow imbalance between the two
celd leg inlets, Loss of input flow from the HPI pumps (Subsrstem 3.C) and
failure of the block valve on tre inlet header (plugging, damage, inadvertant
closure, etc.) will result ir total loss of makeup flow. In addition, single
downstream blcockages in the main flow path can stop normal makeup -low, but
some flow will continue to the RCS via the minimum flow bypass loop to the
cold leg inlet nozzles and the pressurizer spray line. These blockages could
potentially rusult from failures associated with ti: flow control valve, block
valves, and inline check valve. Failures in the instrument air system or I&C
syvstem, in addition to internal damage, could fault the flow control valve.
However, bot» a remote cpe-ated and local bypass around the flow control valve

are available to resume flow.

increased flow through the normal makeup path car result from either the flow
control valve or the normally closed motor operated ES valve failing cpen. In
addition to internal faults, the control valve can fail open due to an instru-
ment air system fault and a conurol signal fault, and the ES valve can open on
a spurious ES or I&C signal,

Failures which ::sult in flow imbalance between the two reactor cold legs
are limited to component fzults within the subsystem. These include
blockages associated with the check valve or flow crifice on one of the cold
leg inlets.

Failure effects on the bypass flow pathz to the cold leg inlet nozzles and the
pressurizer spray line include loss of flow and excess flow to one of the
inlet nozzles, Loss of flow to both nozzles and the spray line can result
from failure of the inlet block valve to the minimum flow bypass loop and the
inlet block valve to the subsystem. Loss of flow to one nozzle can result
from failure of either the throttle valve or the block valve on either cooling
flow line., Loss of flow to the pressurizer spray line which btranches off cne



of the cooling flow .lines can likewise result from line blockages upstream of
the spray line inlet, Excess flow to one nozzle and possibly the spray line
can result from the throttle valve on one of the lines failing open. Like-
wise, a temporary reduction in flow in these lines can result from open-valve-
failures in the normal makeup flow path, diverting flewy away from the minimum
flow bypass loop. Instrument air system and I&C system faults, in additienm to
internal faults, could produce this effect through inadvertant opening of the
flow control valve or the ES valve.

Ex.2ss flow rate through the subsystem via failed cpen valves could also
potentially result in drop in the letdown ztorage tank level and possibdble
loss of NPSH %o the EPI pumps (Subsystem 3.0) and increased level in the

pressurizer,

3.3.6 gl Bleec, Borop Recoverv, aud Chemical AdAQifiop

The major effect of failures in this subsystem is loss of demineralized water
return to the reactor coo.ant system upstream of the makeup filters., Other
effect® include loss of RC tleed holdup and transfer capability, losss of
chemical addition capabilities including boric acid addition, loss of boron
recovery capability, and loss of deboration cepability. These effects are
summarized in Table 14 and discussed below.

Failures which result in loss of demineralized water return to the reactor
coolant system include electric power supply failure to the transfer pump,
transfer pump failure, and failures in any one of several manual isclation or
control valves, Failures in contrecl valves HP-i5 and HP=1€, either from
control signal fzilures or internal valve failures, can also result in loss of
return flow. Since this system is operated on demand only, failure to supply
the holdup tank with demi~eralized water or allowing the tank to remain empty
can result in no demineralized water available wher required, However, the
valve configuration would allow makeup from the bleed holdup tank (although it
would not have been through the boron recovery cycle) or makeup from the Unit
2 demineralized water or bleed holdup tanks,



TABLE 14,

FMEA SUMMARY FOR SUBSYSTEM 6.0:
PC BLEED, BORON RECOVERY, AND CHEMICAL 4ADDITION

Effects at Subsystem Interface

Precipitating Faults/Failure Modes

6.1

1.

6.

Chemical Addition:

No Nomy available to
Makeup Filters

Alternate Flow Path
Through Lithium
Hydroxide Pump Required

No LiCH Available
to Makeup Filters

Decreased LiCH Availe
able to Makeup Filters

Incorrect LiOH Concen=
tration Available to
Makeup Filters

Alternate Flow Path
Through Hydrazine Pump
Required

a.

b.

C.

d.

L.

a.

-

C.

-

N2 blanket systew fails isclation

Manual co-~trol, isclation valves fail
closed

Che-k valves fail to prevent backflow
Hydrazine drum empties and not replaced.
Leaks free the tank will eventually lead
L0 the same effect

Electric power supply to hydrazine pump
fails

Hydrazine pump fails
Manual isoclation valves fail closed

Demineralized water supply to mix tank
fails

Lithium hydroxide tank emp‘ies and not
refilled., Leaks from the tank will
eventually lead to same effect

Manual isclation valves fail closed

Sampling, waste lines downstream of tank
fail open

Manual isolation valve DW-121 fails open
and dilutes LiOH in tank; fails closed
and results i{n concentrated LiOH in
tank.

Electric power supply to lithium
hydroxide pump fails

Lithium hydroxide pump fails

Manual isolation valves fail closed



TABLE 14,

FMEA SUMMARY FOR SUBSYSTEM 6.0:

RC BLEED, BORON RECOVERY, AND CHEMICAL ADDITION
(Continued)

Effects at Subsystem Interface

Precipitating Faults/Failure Modes

7.

6.2

1.

No Caustic Available to
LPI Pumps, RC Bleed
Evaporator Feed Tank,
Deborating Demineralizers

Decreased Caustic Avail=-
able to LPI Pumps, RC
Eleed Evaporator Feed
Tank, Debcrating
Demineralizers

Incorrect Caustic Concen=
tration Available to LPI
Pumps, RC Bleed Evaporator
Feed Tank, Deborating
Demineralizers

Boric Acid Addition:
No Boric Acid Available

to Makeup Filters, BWST
Filters, BWST

b.

Ce

d.

a.

b.

c.

d.

Demineralized water supply to mix tanx
fails

Manual isclation valves fail c.osed

Causic mix tank empties and not
refilled. Leaks from the tank will
eventually lead to same effect

Electric power supply to caustic pump
fails

Caustic pump fails

Sampling, waste lines downstream of tank
fail open

Manual isclation valve DW-120 fails
open and dilutes saustic in tank; fails
closed and results in concentrated
caustic in tank

Flows from boron recovery and boric acid
mix tank fail and concentrated boric
acid storage tank empties and not
refilled., Leaks from tank will
evertually lead to same effect.

Manual isclation valves and manual
control valve CS-62 fail closed

Electiric power supply to concentrated
boric wecid transfer pump fails

Concentrated boric acid transfer pump
fails



TABLZ 18, FMEA SUMMARY FOR SUBSYSTEM 6.0:

RC BLEED, BORON

RECOVERY, AND CHEMICAL ADDITION
(Continued)

Effects at Subsystem Interface

Precipitating Faults/Failure Modes

1.

2.

No Boric Acid Availeable
to Makeup Filters, BWST
Filters, BWST (cont'd)

No Boric Acid Flow Avail-
able to Core Flood Tank

Decreased Boric Acid
Flow Available to
Makeup Filters, BWST

Beron Recovery or Adequate
Concentrated Boric Acid
Storage Tank Inventory
Required as Boric Acid
Source (Internal Sube
system Effect Only)

Incorrect Process Para=-

meters to I&C System and

Control Room

- Boric Acid Mix Tank
Level, Temperature

- LP Boric Acid Pump
Discharge Pressure

- Concentrated Boric
Acid Storage Tank
Level

b.
Ce.

b.

c.

k.

C.

Electric power supply to trace heating
or trace heating fails leading to
plugged lines

Electric power supply to HP boric acid
pump fails

HP boric acid pump fails

Manual isclation valves fail closed
Drain, sample lines downstream of
storage tank fail open

Demineralized water supply to boric acid
mix tank fails

Manual isolation valves fail closed
Manual isolation valve DW-118 fails open
and dilutes boric acid in mix tank;

fails closed and results in concentrated
boric acid in mix tank

Electric power supply to mix tank heater
or mix tank heater fails leading to
plugged lines

Mix tank empties and not refilled.
Leaks from tank will eventually lead to
same effect

Electric power supplies to transmitters
fail

Transmitter signal connection leaks

Transmitters fail



TABLE 14, PMEA SUMMARY FOR SUBSYSTEM 6.0:
BC SLEED, BORON RECOVER!, AND CHEMICAL ADDITION
(Continued)

Effects at Subsystem Interface

Precipitating Faults/Failure Modes

6.3 RC Bleed Holdup Tanks and Transfer Pumps:

1.

No Demineralized Water
to Makeup Fiiters

No Demineralized Water
to Makeup Filters (cont'd)

Decreased Demineralized
Water to Makeup Filters

Increased Demineralized
Water to Makeup Filters

b.

C.

d.

f.
g.

B.

i.

Je

k.

Manual isolation and control valves fail
closed

Demineralized water supply to
demineralized water holdup tank fails

N, blauket to demineralized water holdup
tank fails resulting in tank unavaile-

ability

Demineralized water holdup tank empties
and not refilled. Leaks from tank
will eventually lead to same effect

Electric power supply to bleed transfer
pump fails

RC bleed transfer pump fails
Check valves fail to prevent backflow

Control valves HP-15 or HP=-16 fail
closed (control signal, instrument &ir
supply, electric power supply, valve
failure)

Control valves HP-15 or #P-16 fail open
allowing backflow from letdown line

Electric power supply to trace heating
or trace heating fails leacing to
plugged lines

Flow orifices plug

Waste, drain, or sample lines downsteam
of holdup tank fail open

Control valves HP=15 and HP-16 fail

open (control signal fails to close
valve or spurious signal to open valve)



TASLE 14, FMEA SUMMARY FOR SUBSYSTEM 6.0:
RC BLEED, BORON RECOVERY, AND CHEMICAL ADDITION

(Continued)

Effects at Subsystem Interface

Precipitating Faults/Failure Modes

4. Alternate Flow Path
Through Unit 2 Bleed
Holdup Tank Required

5. Incorrect Process
Parameters to I&C System
and Control Room
- RC Bleeg Holdup Tank
Level

- RC Bleed Flow

- Demineralized Water
Holdup Tank Level

- Demipneralized Weter
Flow

h,

c.

d.

f.

h.

i.

J.

C.

RC bleed flow from lecidowa fails

Manua! isolation and contrcl valves fail
closed

N, blanket to bleed ho.dup tank fails
resulting in tank unavailability

RC bleed holdup tank emptiss and not
refilled. Leaks from tank will
eventually lead to same effect
Electric power supply to trace heatinrg
or trace heating fails leading to
plugged lines

Waste, drain, sample l: ‘es downstream of
holdup tank fail open

Electric power supply t tleed transfer
pump fails

RC bleed transfer pump “ails
Flow orifice plugs
Check valves fail to prevent backflow

Electric power supply to transmitters
fail

Transmitter connection leaks

Transpitter fails



TABLE 14, FMEA SUMMARY FOR SUBSISTEM 6.0:
BC BLEED, BORON RECOVERY, AND CUEMICAL ADDITION

(Continued)
Effects at Subsystem lnterface Precipitating Faults/Failure Modes
6.4 Boron Recovery:
1. Alternate Flow Path a. Manual isclation valves fail closed
Through Second Eraporator
Demineralizer Required b. Demineralizer resin fill fails
(Internal Subsystex
Effect Only) ¢. Demineralizer tank or tank vents leak
2. RC Bleed Evaporator Feed a. Electric power supply tu trace heating
Tank Required to be Full or trace heating fails leading to
at Beginning of Boron plugged lines
Recovery Cycle (Internal
Subsystem Effect Cnly) b. RC bleed flow from holdup tank fails
c. Evaporator distillate, distillate cocler
flows fail g
d. Manual isclation valves fail
3. No Temperature Control a. Cooling water supply to distillate
of Distillate Returned cooler fails
to Evaporator Feed Tank,
Condensate Test Tank t. Loss or degraded heat transfer capability in distil
(Demineralized Water)
8, No or Decreased a. Cooler tubes blocked or tube rupture
Distillate Flow to leading to decreased flow or coolant
Condensate Test Tanks release to distillate

(Demineralized Water)
b. Distillate cooler leaks

¢. Evaporator distillate flow fails; see
effects 5§ and €

5. Boron Recovery Stops; a. Evaporator concentrate flow returned to
Concentrated Boric Acid feed tank or evaporator
Storage Tanks Required
to be Full (Internal b. Evaporator feed tank empties and not
Subsystem Effect Only) refilled. Leaks from tank, including

ve~' and relief valves failed open, will
e\ ...e2lly lead to same effect

¢. Manual .solation valves fail closed



TABLE 14, FMEA SUMMARY FCR SUBSYSTEM 6.0:
RC BLEED, BORON RECOVERY, AND CHEMICAL ADDITION
(Continued)

Effects at Subsystem Interface Precipitating Faults/Failure Modes

Boron Recovery Stops; ‘ Electric power supply to evaporator feed
Concentrated Boric Acid pump or concentrate pump fails

Storage Tanks Required

to be Full (Internal Evaporator feed pump or concentrate
ubsystem Effe=t Only) pump fails

Control valves CT-24 or CT-40 fail to
operate (instrument air, control
signal, valve failure)

Waste, drain, sample lines downstream of
feed tank or evaporator fail open

Steam supply to evaporator fails

Loss of heat transfer capability in
evapeorator

Evaporator empties and not refilled.
Leaks from evaporator will eventually
lead to same effect

Electric power supply to trace heating,
or evaporator heating fails leading to
plugged lines

Boron Recovery Rate Electric power supply to trace heating,

Decreases; Concentrated trace heating, or evaporator heating

Boric Acid Storage Tank fails leading to plugged lines

Required to be Full

(Internal Subsystem Evaporator tubes blocked or tube rupture

Effect Only) leading to decreased flow or steam
release to vapor space

Concentrate cooler leaks

No Temperature Control Cooling water supply to concentrate
of Concentrate Returned coocler fails

to Boric Acid Storage

Tanks (Internal Sube- Loss or degraded heat transfe:
system Effect Only) capability in concentrate cooler

Temperature transmitter conirol signal
to cooling water control valve fails




TABLE 18, PFMEA SUMMARY FOR SUBSYSTEM 6.0:
RC BLEED, BORON RECOVERY, AND CHEMICAL ADDITION
(Continued)

Elffects at Subsystem Interface Precipitating Faults/Failure Modes

Deborating Demineralizer:
RC bleed flow from 3-way valve fails
Manual isclation valves fail closed

Control valve HP=-16 fails closed
(instrument air, control signal, valve
failure)

Check valve fails to prevent backflow

Deboration Stops; Al Resin in demineralizer saturates or was
nate Flow | y Throu not regenerated as required cue to
Second iperal failure to provide caustic.

Manual isclation, control valves fail
Flow closed
Through Second
lizer Recquired Tank empties. Leaks from tank;
including vent and relief valves failed
open, will eventually lead to same
effect.

Electric pcwer supply to trace heating,
trace heating fails leading to plugged
lines

Decreased Returna Fl 3 Wastz, drain, sample lines fail open
to Makeup Filt

nate Flow ] 1§ ! Demineralizer tank leaks

Second i

Required




Loss of bleed holdup and transfer capabllity can result form valve failiures,
plugs in lines due to loss of trace heat.ng, and unavailability of the holdup
tank. However, valve configuraticn would allow bleed flow to the demineral=-
ized water holdup tank or the Unit 2 bleed or demineralized water holdup
tanks., Electric power supply failure or transfer pump failure can result in
loss of flow to boron recovery which al-o leads unavailability of the holdup
tank for subsequeat bleed and makeup cycles.

Addition of hydrazine and lithium hydroxide to the reactor coolant is also a
per-demand-operation. Failure to supply either chemical can result from
manual isolation, contrcl, or check valve failures; or allowing either tank to
rezain empty. Valve configuration woula allow pamping either chemical to its
destination through the other chemical pump; however, if both chemicals are
required simultaneously, failure of either pump results in unavailability of
that chemical.

Failure to provide caustic to the LPI pumps, RC bleed evaporator, and
deborating demineralizers can result from isclation valve failures, clectric
power supply and pump failures, or aliowing the mix tapk to remain empty. No
remedial action within the subsystem is available to compensate for loss of
caustic either within the subsystem or at the interfaces.

Loss of concentrated boric acid to the makeup filters anc the BWST can result
from allowing the concentrated boric acid storage tank to empty, various
manual isclation or control valve failures, electric power supply or transfer
pump failures, or plugs in lines due to trace heating failures, Two sources
of concentrated boric acid are available: a boric acid mix tank and the
concentrate from boron recovery. In the event of failure of one source, the
cther would be available to supply boric acid requirements. The valve
configuration would also allow boric acid addition from the Unit 2 concen-
trated boric acid storage tank.

Failures in the boron recovery operation result in no concentrate flow to the
councentrated boric acid storage tank. Component failures include various



pumps and manual valve ., either of two control valves, the evaporator, feed
storage tank, and trace heating Support system failures such as steam supply
and electric power can also result in boron recovery failure, Recirculation
paths can be established so that concentrated bdoric acid is returned either to
the evaporator or the evaporator {«ed tank rather than the =torage tank.

Failure of the deboration capability in the one-lipe deborating demineralizer
results from varlous manual isclation and control valve failures, failure of
caustic flow for regenerating the resin, and plugs in lines due to trace
neating failures. These failures result in the requirement that a second
demineralizer is available. Flow can also be diverted to the bleed holdup
tank with makeup provided from the demineralized water holdup tank.



8.0 SUMMARY AND CONCLUSIONS

(To be included in the next draft.)
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APPENDIX A

FAILURE MODES ANM EFFECTS ANALYSIS

SUBSYSTEM 1.0: LETDOWN CTOOLERS TO THREE~-WAY VALVE
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1.0 SURSYSTEM:

Foltentinl Fallure Mode

et arence Drawings:
LETDONE COOLERS TO 3-WAY VALVE HP-I8 (AP-910) (Continued)

lnmediste Effeols

FSak Figure 9.3-2
FSAR Figure 9-24

Inter ‘nee At Subsystem Remsdial Aclion
Component Mode Involved Within Subaysiew Interface Vithin Sues;«ien
1.1.6  VYales WP-3 (WD) N, Falls to close when Eiectrio Power  Prevemts isolation of 1€ HP-CIA has sxporienced None

(HP-v20) reguired due to WE-CIA & tube rupture, Wi-1
(cont'd) unavallability of (HP-¥12) has bean closed,
% power on bus 1EXS2) and HP-CIB Is to be used,
then san BC leak to the CCW
eystem will coowr. If Automatic closure
WP-CIA has experlonced » of WP-5
loss of ocoling weter and (WP-73); Wi-Cia
BP-1 (FP-¥1A) osomot be cansot be
clozed, then letdown iscliated unti)
fluld tespersture will power 1s
will increase end WP-S restored on bus
(WP-¥3) will close 1EXs21
tarminating letdown [low
to HP-18 (WP-w10)
5. Falis Lo nlose when Engincered Prevents iscletion of If WP-CYA has experienced None
required due to Safrguards RP-C1A & Ltube rupture, WP-1
fallure of Protective {HP-Y14) has been closed,
s gnal Systue and WP-C1B 1s to be used,
1ESFS) then an BC leak to the “CW
systes will ooour. If futometic closure
WP-CI1A ban experienced a of WP-5
loss of cooling water (WP-¥3); WP-Cra
and BP-1 (NP-¥12) cranot cannot be
be closed, then leidown 1solated until
fluld tempes ature will FS signal is
incresse and WP-5 (WP-V¥)) restored
will close terminating
istdoun flow te HP-IN
(KP-vi0)
1.0.7  Valve HP-A fw0) 1. Faile olosed dus Lo - None None Cir e WP-2
v..2m) ioternal fault JP-TIB) to
divert letdown
flow through
WP-CiA
2. Spurlously closed Control Signal  None None Open RP-4
(WP-v28)
1. Falls to close when - Prevents 1s.) tion of If WP-CIB has experienced Bone; WP-CIB
reguired dve o wF-CiL & tube rupture, then an cannot be
Interpsal faull RC leak to Lha OCW isclated until
systes will ocour HP-% (WP-¥2B}
18 repaired
N, Falls to close when Eleciric Power (irevents Isolation of If WP-CI1P has experienced Bone; WP-C1B
required due to nr.cip ® tube rupture, then an cannot be
unavalisbiliity of RC leak to the CCW fsolated until
powar on buz TEXS2Y system vill ocour power 1is

restored on bus
151321
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Reference Drawings: FSaR Figure 9.3-2
FSAR Figure 9-24
1.0 SURSYSTEN:

LETDOWN COOLERS TO 3-WAY VALYE BP-18 (RP-¥10) (Continued)

Interface At Subsysies Remedial Action
Component Mode involved Vithin Subsystes Interface Within Subsystes
1.2.2  Valve WP-5 (NC) 6. Fells to close when Englinesred Fallure of one of tw- None, AF HP-€ (HP-WN) Close WP-6
(np-vy} required due to Safcguardy redusdant oontalnment sucoessfully closes. (HP-¥A) and
(oont'd) unavallebility of Protective imolation vaives High Otherwise, high restore ES
ES signsl Systom temperature letdown flow temporature letdown flow signal. Ir
(E5PS) Yo purifioation poasibly causing flow purificetion
domineral izer s blockage if resin beads resine damaged,
unobetructed. Inoreasod in AP X1 melt use stendby
letdown fluld tesperature demineralizer
may resull In melting the
resin beads In WP-X1 and
thus blocking flow
1.2.3  Valve HP-6 (RO) 1. Falls closed due to - Letdown flow to purification Letdown flow to 3-way valve WUtilize -7
(hp-wy) internal fault demtiners’ txer in HP-IN (WP-Y10) 18 (RP-¥5) for
obstructed unless WP-82 or tersina o4 unless WP-az letdown
HP-T (WP-¥5) 1» open or WP-7 . UP-¥5) is open throttliing
2. Spuriously closed Control Signal Leldown flow to purification Lstdown ) to J-wny valve Open HP-6 (HP-W8)
dom! ivralizer 1a HP-1IN (HP-¥10) 1w or HP-T (HP-¥5)
obatruoted unlear HP-A2 or termineted unless HP-82
HP-7 (NP-¥5) 18 open or HP-T7 (HP-¥5) 1s open
3. Falls to close when - Letdown flow to block If @P-5 (HP-¥3) bas felled Close WP-8
required due to orifice is unobstructed to close and the )stdown (WP-¥7) to
internsl fault flow has not beer ocoled, protect
then temperature of purifioation
letdown Tlow to WP-14 demineraslizor
(HP-¥10) will continue We-1
to increase and resin
beads In HP-X1 may welt
cavsing flow blo~kage
A, Falls to close when Instrument Alr  Letdown flow to block If HP-5 (HP-¥3) has falled Close #*-8
required due to orifice is unobstructed to close and the letdown (WP-¥7) to
unavailability of flow has not been cocled, protect
instrument alr thea temparature of purifioation
(assumed ) letdown fiow to WP- 18 demineralizer
(HP-¥10) will continue HP-X1; restore
to increase and resin instrument alr
beads in HP-I1 may melt
causing Mlow blockage
1.2.8  Block Orifice 1. Falls plugged - Leldown flow to purificsticon Letdown flow to 3-wey valve Utilize WP-7
1 demineraiizer 1 EP-18 (HP-¥10) 1 (HP-vs) for
obstructed If ('P-42 and terwinated 1f HP-A2 and Jetdown flow
WP-T (HP-¥5) are closed BP-7 (WP-¥5) are closed throttiing
1.2.5 Flow Transeitlier 1. Internsl fault Plaat Iselre- None Inocorrect information Isolate and
.29 results in mentallon sent to plant operators repair
incorr -t signal
2. Fells we to Electriec Power  None Incorrect information Rostore electrio

Potentink Fallure Mode

loss of power

Temedinte Effeocts

sent to plant or»rators

power
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Component
1.3.7  Valve HP-196 (NC)
1.3.8  Valve WF-197 (NC)
1.3.9  V¥alve HP-13 (NC)
(AP-v6)
1.3.10 Valve 0P-8 (N0)

(up-vy)

2.

Reference Drawings:

1.0 SUBTTSVEN: LETDOWR COGLER® TO 3-WAY WALYE NP1V (RP-¥10) (Continued)

Potential Fallure Mode

Falls open due to
internal falt

Falls open due to
ioternal favit

Spuriously opened

Fallis to open when
requiced due to
internal fault

Potentisl fellure 1o
open due Lo
unavellsbiliiy of
inatrusent air
(assmed)

Falls closed due to
internal fault

Spuriously closed

Liowface
Tevolved

Outlet of
Letdown

Filter BP-710

‘maet of
Letdown

Filler WP-F1A

Control Sigral

Instrusent A'r

Contro; Sigusl

Ismediate Effects

Within Subsystes

weduoed letdown flow to
purtifostion desinerslizer

Reduoed letdown flow to
purifiostion desinerslizer

Letdown flow bypasses
the purification
deminerslizer; letdown
flow chemiotry altered
Letdown flow bypasses
the purification
demineralizer; letdown
flow chemistry altered
Purification demineralizer
WP-XV bypass unavallable
il required

Purifiostion deminerslizer
HP-I1 bypens unavallahble
if required

Letdown llow through
purification deminerulizer
HP-X1 18 obstructed

Letdown flow through
purification dominecralizer
WP-X1 ia obs “uoted

At Subsyrlew
Interface

Raduced letdown flow to
J-way valve WP-1N
(WP-¥10). (Letdown
flow bypasses WP-J1 and
WP-18 (WP-710))

Reduced letdown flow to
J-wny valve HP-18
(WP-v10).  (Letdown
flow bypasses WP-X1 and
wP-1* (RP-v10))

Letdown flow chemistry
alter~d

Letdown flow chemistry
altered

Letdown flow to J-vay valve
WP-18 (HP-¥10) 1»
terminated If WP-X1 1o
plugged

Letdown flow to J-way valve
WP-1N (WP-¥10) ie
terminated If RP-XV 1o
plugged

Letdown flow to J-way valve
BP-IN (WP-¥10) 1»
terminaled

Letdown flow to J-way wvalve
FP-18 (WP-¥10) 1»
tersinated

F3SaAR Figure §.3-2
FSAR Figure §-2A

Remedial Action
Within Subsystes

Close WP-S7

Close HP-%7

Close WP-13
(Hp-v6)

Open HP-9
(1HP-¥8) and
WP-11 (1HP-¥9)
and use WP-12
If savallable

Reatore
instrusent sir;
open WP-9
(1HP-¥8) and
WP-11 (1HP-¥9)
end use WP-I2
Af avatlable

Open WP-9
(16P-¥8) and
BP-11 (1WP-¥9)
and utilize
purification
domineral izer
BP-X2 1f not
being used by
Unit 2

Open WP-9
(1NP-¥8) and
HP-11 (VHP-v9)
and utilize
purification
demineral izer
BP-X2 1F mot
being used by
Uoit 2
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APPENDIX B

FAILURE MODES AND EFFECTS ANALYS.S

SUBSISTEM 2.0: RC PUMY SEAL WATER RETURN
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2.0 TURSYATEN: AP SEAL WATER RETURE (Continued)

Polentinl Fallure Mode

Moda

2.5.2 Operating RC Seal
Return Cooler
WP-C1B (or

Spare RF-CI1R)
(oont'd)

2.5.3 Cooler Discharge
Header Check Valve

w1089

2.6 System irlet Flows:

2.6.1 Seal Injection
Flow

2.6.2 WPI Pump
Recirculetion

2.1 OSystem Piping:
2.7.1  Vents, Dralne,

Piping, Instrusent
Connections, eto.

Loss of MO

Loss of heat *r~a wfor
capabliity due to
internsl damage

Yapor look im ooc)wr

Yalve fulla closed

(plugging, demaged,
eto.)

VYalve fails to
prevent backflow

Loss of flow

Loss of flow

Systac losks

Interface
Iavolved

Reference Drawings: FIAR Figure | §-2

(Sheals | and 8)

Temedinte Effects

Within Subsystes

POV Systea

Seal Water
Cooters,
L etdown
& srems Tenk,
Make .9
Fittor(w}
D1 nshes 67

Taal iafaetion
(Svbaystes
L.0;, %
Pumpr

NPI Pumps

(Subaystom
~3.0)

Loss of seal return wooling
(high cooler ¢ acharge
teapersture)

L.oa of seal return cooling
(high cooler discharge
Lemporature)

Reduction In seal return
aooling capscity (bigh
csoler disotarge
rexperature)

Seal return flow reduced or
stopped

Bo affect during steady
state since pressures at
outlet inierfaces are
lower Lhan cooler
disoharge line pressure

Secl return flow from RCS
hotter than noreal seal
roturn

Reduced flow through sesl
return coolers

Loss of reactor coolant

Rewadial Action
Vithin Subaystes

At Subsystem
Interface

figh tesperature discharge valve in spere

Lo leldown storage Lank, ooocler I RCW

high tompersture reading is avstlable to

on TT-45 or TT-8 it (loesl
sotion)

Wigh temperature dlschargs Iso.ste affectsd
to latdown storsgs tank, oocswr and
high temparsture reading valve Iin spare
on TT -85 or TT-06 {local sotion)

High tempearature “‘sohargs Isclete affected
Lo letdown storage tank, cooler and
high tesperature reading velve 1n spare
on TT-N or TT-M (local section)

Seal return flow to letdown MRepair componen’
storsge tank reduced or
stopped, seal return flow
from 511 RC puspe reduced
or stopped

No effect during steady No lmmedist.
state sinoe pressures at sotion
outlet interfaces are necessary,
lower ‘han occoler repair
discharge line pressurs component

Slightiy botler discharge None

flow to letdown storege
tank

Peduced Mlow and somewiat Rone
oocler discharge than
normal to letdown storage
tane

Isclate leaks and

repalr as
needed

Loss of reactor coolent,
slightly reduced flow
to letdown storage tank



FAILUKE MODES AND EFFECTS ANALYSIS
SUBSYSTEM 3.0: LETDOWN STORAGE TANK, INLET FILTERS, AND HPI PUMPS



Componer®

3.6 SURSTITEN:

Roference Drawings:

LETOONE STORAGRE ANX (LST), INLET FILTERS, ANE HPI FOMPS

Potentiel #00 Lre Mods

Mode

3.1 Letdown (Makeup) Filters (2):

3.1.3

Pneumatic Operated
Inlet valve(s)
HP-17 (WP-¥290),
WP-18 (NFP-Vv298)

Makeup Filter P
Transaitter 1PT-15

Filter(s)
WP-FI1A, BP-FI1B

1. Valve falls closed
(nosumed valse 1a
alr-to-open)

2. V¥alve falls closea
dus to foterna)
fauit

3. V¥alwve closss »an
spurious =ignel

8 Valve inadvsrtant iy
closed

S. Valve fatls .
when require’

tone

1. Tranamitier frilure
dus 1o Internal
fau't

2. Incorrest output
due 'y toss of
pove.

3. lostrusent connention
leax

1. Filter plugge!

Inter® eoe
involved

instcumest Gir

I13C Sxolem

aC, 2tes tle
Power Supply,
Intern.l

Electrio Power
fapaly, HAC

Tomadiate Effects

Vithin Subsystes

FSAR Figure 9.3-2
{Shest 1)

Remedial fotion
Vithin Sunaystem

Loss of flow to LAT from
letdown, chesical
sddition, snd aystea
wakeup

Loss of flow to LST from
letdown, chemioal
sddition, and aystea
makeup

Loss of flow to LST from
latdown, chemical
addition, and systes
ankenp

Losz of flow Lo LT from
letdown, chealoal
addition, and systea

makeup
Connot isclate filter for
asintenance

Potent lal for undetected
fil.er plugging

Poteat ial for undetected
filtlar plugging

Sexll loss of resctor
“oolant and small

reduction in flow to LST

Letdown, chemioal sddition,

ard system makeup low
rotuced or stopped

Reduotion and eventusl
loss of avallasble
sakeup ‘w LST

Reduction and eventusl
loss of avallsble
maksup In LST

frduction and eventual
loss of available
sakeup in LST

Weduotion and eventual
loss of avallable
makeup In LST

Mo effsot

Incos ree. preasure drop
signal to 14C and
contro! rocs

Incorrect pressure d-op
sigoal to I4C and
control room

Incorrect pressure drop
afgnal to 14C and
control room

Reduced invontory in LST
and high preaswme drop

signal to IAC from 1PT-15

Utilize spare
filter, open
valve locally,
bypass to LST,
or switch Lo
BNST iF LST
level an
unacceptably
low

Gtilize spare
filter, bypsss
to LY, or
switoh to BWST
I LST level is
unaccaptadly
low

Utilize spare
filter, open
wvalwe lcoslly,
bypass to LST
or switoh to
S4ST AF AST
ievel s
unicoeptably
low

Reopen valve
depalr cosponent

witor pressurs
drop with loeal

Monitor pressure
drop with loeal

g
Repair leak

Utilize spere
filter or
srpess fllters
via WP-19



Referanoe Drawvings: FSAR Figuwe 9.3-2
(Sheet 1)

3.0 SURSTSTEN: LETOOWS STORGE TART (LST), ISLET FILTERS, ND BPI PUMPS | Continued)

Tamediate Effects

Polen' tel Faliure Mode

Interface N At Suboystem Remedial Aotion
Compoaent de Twnlved Sithin Subaysten Interface Within Sucsystes
3.8 Manual Filter §. Valve isiied cloned -- Loas of flow Yo LAY from Reduotion and aventiuai Utilire spare
Discharge Blook (plugging. damaged, lTotfonn, obeudeon’ sddition, loss of svallab » filier paih or
Valve(s) WP-57, eto.) and systex ~- aup sakoup in LT bypass Tliters
HP-58 via WP
3.2 Letdown Storage Tank:
320 Inlet Check Valve 1. Valve falled closes Subsjolen 2 0 Lose of ell Flow te LSY, Reduetion and eventusl Monitor LST
NP-78 potential loss of NPSH loss of avallsble level, switoh
‘o WPL pumps f LSY wakeup In LST, flow to BMST Af LST
level 1o too low blocked from seal return Jesnl 1»
(Subsysten 2.0) sracoaptably
fow
2. Valvwe falls to Subsystes 7.0 Wone during steady state Nous since teck walve Fe;sir component
prevent backf ' w (Sea! Retwra) WF-18 1n “absysiem 2.0
13 » backup
3.2.2 Tank Vent Globe 1. Valve falled closs’ Chemical Loss of normsal LST vent Potential reduction of .2 Monitor LST
Yalve WP-80 (plugged, damaged. tdditinn path, bul'dup of concentration In reacter preasure and
ota.) fSubsystaa densibla ga in coolant and redustion In level and
.0} LST, potential reduotion 0, Soavenging capablliity repatr
in l, wsas transfer rate o eponant
tato resct.s coulent
2.2.3  henuasl KIL 1. Walce falled oclosed ", Bolk Loss of 'b o' tier to LEY Aeduction in Sepalr compcnent
Supply/ISolation (plugged, dam ged, Tiurage, concentratiou In resctor
Yalve B-11) ote.) » coolent and reduction in
Olunun o, Scavengling cspshility
Sysiea
3.2.8  Level Transmitters 1. Transsitter Failure - 't selesoted transmitter Loss of or incorrsct LSY Monitor with
Wr-33r, Wwr-3ym due to tnternal indlcates low flow from level indicstion, redundant
fault J-way valve sulomatically incorrect signsl to transsitter

transfers letdown [low
to LSY and perstor may
Increase LST leve! vith
bieed holdup.  Potaatial
for L3T tenk overfilling,

sddiiion blockage, and
lowe: concentration 1n
s, AT trensmitter
indicates high, operator
any decresse letdown (low
and potentially reduce
BPSH on WP1 pumps

J-way valve ‘cterioc:

olrouit and potential for

tion

in RCS.
say also result in
decressed letdown (low

response



Fotentinl Fa:lure Mode

Component
3.2.8  Level Transmitters 2.
T30, WLY-33r2
(ocont'd)
3.
3.2.5 Pressure 1.
Transmitter 1PT-10
2.
3.

3.3 NP1 Pumy Suotion Headers:

Motor Opersted 1.
Isclation Valve
HP-23 (WP-¥21)

Incorrect output dus
to loss of power
to transmi ter

Instrumant oconnection
Teak

Incorreot oulpui
aue to lows of

power
Transmitter fatlurs

Instrument connection
leak

Valve Talls closed

anlsrface
Tnvclved

#lectrio Power

Sueply, 18C
Sy#tew

£ie trio Power

Supply, TAC
Systee

Refarence Drawings:

LETWONE STORRMGE TANK (LNY,, JBLET FILYERS, AND &¥: PUNPS (Continued)

Tamediate Effects

Within Subsystes

17 calectad transmltter

introsten low flow from
A-wey valse sut watioslly
Lrensfere lotdown flow to
L5 and operator may
smorease LST level with
bioed holdup. Potentiasl
for LY tank overfilling,
W, sadition blockags,

2nd lower W, concentration
Le RS, If trancattier
‘rdicates high, speretor
@ay decresse letdown flow
and potentially reduce
WPSH on WP1 pusps

Saall loss of LST faventory.

Both traasmitters
affected. If sslected
transmitter indicates low
flow from J-way wvaive
sutomatfoally tranafers
Ietdown flow Lo LS and
opsrator may incrcase LIT
tevel with bleed holdup.
Totentisl for LST tank
overfilling, addition
blocknge, and lower
concentration in RCS.  If
transeitter indicates
bigh, operator say
decrease letdown flow and
potentially reduce WPSH on
UFY pumps

o effocr

8o eftect

Swsll loss of LAT fnventory

Tiow to WPI pumps stopped,

leas of WFSH to BPI pump
resulting possible tn
wuep damoge

AL Subsystes
ioterface

FSak Figure §.3-2
(Sheet 1)

Remedial Aotion
¥ithin Subaystes

Loss of or inoocrrect LAT
level indication,
incorrect signel tlo
J-way valve Interlock
atrouit and potential for

ret oed I‘ concentration
in RCS, or

responsy say also result
tn deoreased letdown flow

Loss of or imcorrset LST
level indlcation,
incorrect signal to
J-way valve interlock
cirouit and potentisl
for reduced l'
concentration in BCS.
Gperstor responss say
also resuit in Aeoreased
letdown flow

Loss of or incorrect LST
pressure indicstion

Loss of or incorrect L3T
pressure indioation
Loss of or imcorreot LST
pressurs | dication

immediate lons of flow to
BC makeup and RC pump

Restore power
supply or
monitor with
redundant
transmitter AF
on & different
powar souroe

Restore power
supply

Repair component
fepalr component

Align supply from
PUST via motor
operated valves
and align
allernate HF)
pump 1T
required



(Shest 1)

Reference Drewings: F3iR Figure 9.3-2

3.0 SUBLIS(EN. LETUUGN 2T08A0R TANK (L3T), IMLEY PILYERS, A6b 60 PumPs  (Continued)

Imnedinte Effects

Potentinl Faliuro Mode

Remedial Aotion
Within Subsysten

At Subasystea

Within Subsystes

Interface

Iovolvar

Interfsce

walve or align
supply from
BNST vis wotor

Manually opsn

AC sakeup and RC pump

fmsediste loss of flow to
menle

vesulting possible In

Loas of WFSH to NP1 pump
pump damege

Flow to WPL pusps stopped,

I System

2. Valve closes on
cpurious sigaal

Isolation Valve
WP-23 (Wr-w21)

(cont @)

3.3.1  Motor Operatad

opersted valves
and align
altlernate NP1
pump AF
reguired

slign alternate
WPY pump ir

required

Reopen valve,

S wakeup and RC pump

Tomedicte loas of flow to
wealn

loss of WPSH Lo NP1 pump
resuiling possivie in
pumy demage

LY discharge not 1solated

Tiow to BPL pumps stopped,

closed

3. Valve toadvertcotly

valves for

Uttilze local

No effaot

A8C dystem,
Elecirio

close vhen requlred

N, Valve falls to

isolation

Powsr Supply,
Torernsi

Fevit

Bsd i
R !:é 3
}E‘%i:!.§:§§
giiz%:?itssé

lsmediate loas of flow to
RC makoup 2nd RC pump

seals
Wo affect during steady

statle operation

1ans of NPSH to WPI pusp
resulting in possible
pump demage

Flow to W1 pump stopped,
stats operatiom

Wo offeoct during steady

preves: packfilow

1. Valve fall  oioweu

2. VYelve Ieils to

3.3.2 Check Valve
ar-97

-t
i
oi
i

-
i3,
il
23}
£3S
$23

1. Valve fxils ‘Tosd

3.3.3  Motor Opersted
Isolation Valve
HP-98 (AP-¥284)

Trip HPI pusp 14
and use pusp 18

loss of

flow to RC sakeup and

i
HP-PIB 1n use, no effect

Ir wr

no effect

tujootion

A stopped, If WP-PIA 10 wee

A may be

Fiow to
i An
drwaged

closed

2. V¥eive insdvertantiy

loss of Trip WPL pump 18
and use pusp 18
"

WP-FIB tn use, no effect

PIA 1n use
injection

pump 1A stopped,
pump 1A may be flow to AC makeup and
sen

Flow to WPI
if in use
Asmaged

IAC Syotem

spurions sigeal

If desired,
utilize one of
2 remalning WPI
pumps

manual valves.

Isolate pusp
WP-PIA with

oot

e

No ef

Zannot remotely isolate

pump WP-PIA for
maintenance

olose or demand

N. Valve fails to
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3.0 SUBSYSTEM:

Potentinl Fal.ure Mode

Reference Dravings: FSaR Figure 9.3-2

(Sheet

LEIDOME STORAGE TANZ (19%), IMLET FILTERS, AND HPI PUMPS (Continued)

lTomadiate Effects

Remedial Aotion

interface
Component Mode Involved
3. 0.2  Spare HFI Pumps 2. .ump falls to start -
AP-PIB, WP-PIC due to internal
{cont'd) fault
3.8.3  Pecharge Cheok 1. Valve in operating -
VYalve(s) HP-105, pump discharge falls
WP-108 closed (plugsing,
damaged, etc.)
2. Valve in slanddy puep -
discharge falis
to prevent hackflow
3.0 Reoirculetion 1. Line blookage due Seal Ratarn
L.ow(s) Associated te plugged blook Cooler Ynlet
¥ite Pumpo: velve w oriflom ebie 3 oa
HE-PIA, WP-PIB, 2.0}
WP-PIC
3.5.5  Discharge Block 1. V¥alve in operating RCP Seals,
Yalve(s) WP-106 pump discharge Reactor lele:
(HP-VINA), wP-110 falls elosed Lone ' yeue
SHP-WIAR), HP-118 (plugged, < maged, £, B and
(HP-v3AC) ete.) Crossovers
A and B
3.4.6 Motor Opersted 1. Valve closes on IAC System

Isolation Valve
HP-115 (RP-VISA)

spurious signs}

Within Subsaystes

At Subsystes
interface

¥o discherge flow from
pump demanded

%o discharge flow through
fatled valve

Backflow througs &
non perating spare pump to
suction of operating pump
(potentinl WPI pusp
derige )

Poiential damnys to WPI puep
via pump don vending i/
s hag Olpoharge Lo wakeup
and seal injection 1s not
anough for pump operation

No discharge flow through
Telled valve

If pusp HP-PIA operating,
flow to seal injection 1is
stopped. If pump WP-PIR
in opersting, flow to
oorsal OC makeup is
stopped

If pump 18 demanded
baosuce of fellure with
operating pump, no flow
to RC makeup or AC pusp
sealn. If pamps are
Just being swiltohed, no
effoot

Ho flow from opersting WPI

pusp to RC makeup or RC
pump sesls

Redoced flow to seal
injection snd/or makoup

Folential loas of BC sakeup
sad send injection

No disoharge flow frowm
operating WPI pusp to
RC pumps seuls or RC
makeup

If pump WP-PIA operating,
flow to seal injection e
stopped. If pump WP-PIB
is operating, flow to
normal RC makeup is
stopped

4ithin Subsystew

Utilize alternate
WPl pusyp,
repair pump

Utilize citernate
WP pump

Isclate Valled
check valve
(locat section).
Monitor
oritical flows

Utilize siternate
HPI pump (other
sction
available from
outside the
subsystea)

Utilize alternate
WPI pump

If opersting pump
is AP-PIA,
start pumy
u-me. I
operating pump
ie HP-P18,
start WP-FId or
(for
unthrottled
sakoup) open
valve WP-118 to
reactor inlet
Loor »
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APPENDIX D

FAILURE MODES AND EFFECTS ANALYSIS
SUBSYSTEM 4.0: RC PIMP SEAL INJECTION



(Sneets | and 8)

Referonce Dravings: FSAR Figure 9.3-2

4.0 SURSYSTEM: RC PUNPS SEAL INJRCTION

Foltential Failure Mode

Effects

Tmendinte

Remndial Aotion
Within Subsaystew

At Subsystem
Within . Haystem Interface

Interface
Involved

Component

N.1 RC Pumps Seal injeotion Header:

ocomponent

Repair

pusps stopped

Seal injection flow stopped Seal injection flow to RC

(plugged, damaged,

eto.)

1. Valve fsils slosed

Isolation Valve
WP-126 (AP-¥278)

Beader Manusl

. 811 Seal Injection

somponent

Repalr

Incorrect pressure signal

IAC System, ¥o effect
Electri

1. Incorrect output due
to loss of power

Header Pressure
Transmitter 1PT-18

8.1.2 Seal Injection

Repal) component

Incorrect pressure signal

Small loas of resotor
coolant
¥o effeot

Power Supply

2. Instrumen’ comnection

leak
3. Transmitter failure

Repair ocomponent

Incorrect pressu » s.gnal

due to interpal

fault

8.2 RC Puap Sesl Filters:

flicer path, or

bypass both
main and
stendby filters
({local moticy)

Yalyve ‘n spare

BC pumps stopped

Flow through filter stopped Seal injection flow to

i
LI
yits
R
i

Yalve in spare

filter puth, or

bypass both
main and
(loosl solion)

standby fllters

RC pumps stopped

Flow through filter stopped Sesl injeotion flox to

1. Filter plugged

Filter WP-F-1B
(HP-F-1A Standby)

§.2.2 Operating Seal

falled, utilize

the ressinirg

If one of these

backups has

No effeot during norma)
cperslion when spars or
bypass 1s not desanded

opsration. Loss of spare
or vypass ~apacity

Mo effeot during normsl

open on demand

1. Valve falls to

VYalves for Standby
Filter or Bypass

np-28, WP-135

8.2.3 Maousl lsclation

one If required

53
:;!j
158

Flow through Atandby filter No effect

prevented

(plugged, dameged,

1. Valve falls closed
eta.)

Manual Isolation
Valves NP-129,
HP-130, WP-131

N.2.%  Standby Filter

8.3 Seal Injection Flow Control:

component

Repalr

pumps ot

Seal injection flow to RC
opped

alve

signal to throttle v

Seal Injection flow reduced
fnoorrect

or stopped and control

1. Orifice plugged

8.3.1  Flow Oriflos
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APPENDIX E

FAILURE MODES AND EFFECTS ANALISIS

SUBSYSTEM 5.0: RZACTOR COCLANT MAKEUP



Component

S5.1 Reactor Inlel Line Loop

$5.0.1  Manual Isolation
VYalve HP-118
(¥ v2m)

5.1.2 Flow Trunsmitter
WFT-7, TA and 78

$5.1.3 Motor Operated
Valve HP-26
(np-v2m)

5.0 SUBSTSTEM:

Potential Fallure Moae

Reference Drawings:

Imnediate Effects

Mode

Interface
Involved

Within Subsgstem

At Subaystem
Interfaoe

FSAR Figure 9.3-2
(Sheets | and N)

Remedial Aotion
Within Subsystes

A Header:

1. Valve falls closed
(plugaing, damsged,
eto.)

1. Transsitter fallure
due to Internal
fault

2. Incorrect oulpul due
to signal fallure

3. Instrusent connection
leak

1. Valve opens on
spurious mignal

2. Valve opens on
spurious signal

3. Valve inadvertantly
opened

8. Valve fails open
due to iInternal
fault

(Modes involving fallure Lo open are part of

5.2 Minimus Flow Bypans Loops:

5.2.1  Manual Isolation
Valve HP-23%

1. Valve falin closed
(plugging damaged,

ete.)

I8C System,
Electric

Power Supply

I&C System

Makeup flow stopped

o effect

No effect

Smail loss of resctor
coolant

Makeup flow is not
throttled

Makeup flow is not
throttled

Makeup flow is not
throttled

Makeup flow 1s not
throttled

Loas of normal sakevp flow

Incorrect flow signal on
one transmitter

Incorrect flow signal from
ail 3 transmittoers

Incorrect flow mignals
from all 3 trensmitters

Inoreased makeup flow,
increaned pressurizer
level, drop in LST level,
potential loss of WPl
pump NPSH

Inoreaned makeup flow,
increased pressurizer
level, drop in LST level,
potential loss of HPI
pomp NPSH

Increased makeup flow,
increased prescuiizer
level, drop in LST level,
potential loss of HPI
puwp NPSH

Increaned makeup flow,
.noreased pressurizer
level, drop in LST level,
potential loas of WPI
pump NFSH

emergoncy HPI and nor included hers)

No fiow through sinisus

flow loop

No cooling flow Lo
pressurizer sprey line
or ocld leg inlet
nozzles, no effect on
makeup capacity

Repalr component,
Af required
provide makeup
flow vis Loop B
injection path
(open looal
WP-18 end
throttle with
remote WP-27)

Repair cosponent

Restore power
supply

Repair component

Manually close
valve (looal
action)

Manually close
valve (loeal
sotion)

Close valve

Isolate with
W18 (locs)
sction) (will
stop makeup
flow)

Repair component
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APPENDIX F

FAILURE MODES AND EFFECTS ANALYSIS

SUBSYSTEM 6.0: RC BLEED, BORON RECOVERY AND CHEMICAL ADDITION
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FSAR Figure 9.3-1 (Sheet 1)
FSAR Figure 9.3-2 (Sheet 1)
FSAR Flgure §.3-5 (Shects 1,3,48)

lof.remf- Dravings:

6.0 SUMSYSTEM: RC BLEED, BORON RECOVERY, AND CHEMICEL ADDITION

Potential Failure Fude Immediate Effets

Interface At Subsystems Remadial Aotion
Component Mode Invol ved Within Subasystem Interface Within Subsystem
6.1.11 Manual Isolation 1. Valve fatls olosed - Fe LiOW No LI10H avallable to None
Valve (CA-AN) makeup (1lters
6.1.12 Manual Isolation 1. Valves fall closed - Mo LiOoW None 1f alternate flow Open CA-N6;
Valve (CA-AT, path avallable erossover to
CA-49) pump CA-P8
6.7.13 LIOR Pump (CA-PY) 1. Eleotric power Eleotric Power Pump stops; no LION None i alternate flow Open CA-A6;
supply fatls path svailable crossover to
puwp CA-PA
2. Pump falin - No Lion Wone If alternate flow Open CA-86;
path avallable orossover to
pump CA-PY
6.1.1%  Cheok Valve 1. Falls to prevent - Peasible backflow to tank No LION svallable to Closs CA-89
(CA-51) backflow Af pump in ot running makeup filters
6.1.15 Manual Isolation 1. Demineraltired water Demineral tzed No demineralized water lo No eaustic or inocorrect Concentration
Valve (DW-120) supply falls Water tank; no caustic or caustic concentration checked via
incorrect cauatie available to LPI pumps sompling
concentratinn avallable
L2 boron recovery
2. Valve falls closed - Po demineral ized wvater No caustic ov Inccrrect Concentration
to tank; no caustie caustic concentration checked via
or incorrect caustio avatlable to LPI pumps sampling
concentration available
to boron recovery
3. Valve falls open - “1luten caustio In tank; Incorrect caustic Concentration
incorrect caustio concentration avallable checked via
concentrati n available to LPI pumps sampl ing
to boron recovery
6.1.16 Caustic Mix Tank 1. Tank leaks - Eventual loss of suction Eventual loas of caustic None
(ca-m) pressure Lo pump avallasble to LPI pusps
2. Tonk empiles - No caustic avallabie to Mo caustic available to None
boron recovery LPI pumpn
6.1.17 Manual Isolation 1. Valves fall ciosed - No caustic avallable to No caustio avalletle to None
Valves (CA-38, boron recovery LPI pumps
CA-35, CA-37)
6.1.18 Caustic Pump 1. Electrie power Elecirie Power Pump stops; no caustie No caustio avallable None
(Ca-P1) supply Calls avatllable to boron to LPI pumps
recovery
2. Pump Calls - No caustic avallable to No caustic avatlable None
boron recovery to LP1 pumps
6.1.19 Sampling, 1. Lines fall open -~ Decreased caustic avatlable Decreased caustic available None

Waste Lines

to boron recovery

to LPI pumps
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Reference Drawings:

6.0 SUBSTSTEM: RC BLEED, BORON RECOVERY, AND CHEMICAL “lflﬁ

Potential Fallure Mode

Iwmediate Effecls

ESAR Flgure 9.3-1 (Sheet 1)
FSAR Figure 9.3-2 (Sheet 3)

FSAR Filgure 9.3-5 (Sheets 1,3,40)

Interface At Subsystem Remedial Action
Component Mode Invol ved Within Subaystes Interf aoe Vithin Subsystem
6.2.8  Temperature . Electric powor Electrio Power No looal temperasture Hone None
Transmitter supply falls fndicailon
2. Comnection leaks Procens Signal Incorrect signa! Lo None None
transmitter
3. Transmitter (alls - No local tempersture Hone None
indication
6.2.5 Manual Isclation 1. Valve falls closed - No borie acid to Hone {f concentrated Hone
Vaive (CA-N) storage tanks borlo acid available
from boron recovery or
adequate concentrated
borio actid storage tank
inventory is sveilable
6.2.8 Miscellaneous 1. Electrie power Electrie Power Borle aclid may corystallize; None If concenlrated Restore trace
Piping supply to trace small potentisl for borfio acid avallable heating; unplug
heating falls plugging and loas of flow froo boron recovery or 1ines
to concentrated boric acld adequate concentrated
rtorage tanks borie artd stovag> tank
inventory is available
2. Trace healing fslls - Borio scid may orystaliize; None If concentrated Restore Lrace
seall potential for borie acid avatlable heating; unplug
plugging and loss of flow from boron recovery or 11nes
to concentrated borie acid adequate oconcentrated
storage tanks borie scid storage tank
inventory is avallable
6.2.7 Meoval Isolation 1. Valve falls closed - No boric acld to concen- None Alternate flow
Vaive (CA-5) trated boric storage path through
tanks; alternate flow CA-F29
path avatlable available
6.2.8 LP Poric A:ld 1. Electrio power Electriec Power Pump stops; no borlc acid Kone Alternate flow
Pump (CA-P2A) supply falls to concentrated storage path through
tanks; alternate flow CA-P2B
) path available avallable
2. Pump falla - Mo boric scid to concen- None AMternate *'cw
trated borie acld storage path thr . h
tanks; alternate flow Ca-p20
path available sveilable
6.2.9 Manual Isolation 1. Valve falls cloosed - No borio scid to concen- None Alternate flow
Valve (CA-7) trated boric acld storage path hrough
tanks; alternate flow CA-rz8
path avallable wrailable
6.2.10 Check Valve (€*-15) 1. Falls to prevont - Possible backflow to mix None Close {solation

baokf)ow

tank If pump s nol
running; alternate flow
path avallablo

volve CA-T;

al’ernate flow

path through
CA-P28
available
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6.0 SUBSYSTEM: RC BLEED, BORON SKCUTERY, AND CHEMICAL 'lfi(.

Potentisl Fallure Mode

Roference Drawings: FSAR Figuee 9.3-1 (Sheet 1)
FSAR Flgure 9.3-2 (Sheet 3)

Immediate Effsctas

FSAR Flgure 9.3-5 (Sheets 1,3,88)

femedial dotion
Within Subsystes

Int 5 “nce At Subsystes
Component Mode Irvolved Within Subayastes interfacs

6.2.18 Concentrated Borioc 5, Tank leaks - Posaible flooding; Eventual ‘oss of borle
Acid Storsge Tank eventual loas of acid avallable to makeup
(p-T122) suotion preasure to filters, BUSY
(cont'd) pumyp

6. TYank empties - No boric sold No boric acid available
to makeup flliters, BNST
7. TYank vent, rellef - Cover gae releass Lo vent None
val ves fall open header
8. Drain, sample lines - Decreased boric acid becreased boric sold
fall open avallable to makeup
filters, BVSY
6.2.19 Level Tranamitier 1. Electirie p wer Electric Power Ko local level indication ¥o level indioation to
supply IAC system

2. Conneotion leaks Frocess Signal Incorrect signal to No level indication to
transmitter IAC ayoten

3. Transmitte: falls - Mo loosl ievel indicatton No level indiostion to
T4C system

6.2.20 Manual isolation, 1. V¥elves fall closed - Wo boric actd #o borio acid svatlable
Control Valves to makeup filters, BNSY
(C3-63, CS-6%,
cs-67)

6.2.2) Concentrated Borio 1. Electrio power Eleotric Power Pump stops; no boric acld No borio acld aveilable
Aclid Tranafer Pump supply falls to makeup filters, BNST
(wp-p22) 2. Pump falls - No boric acid No horfo acid svallable

to makeup (! lers, BWST

6.2.22 Manual lIsolation 1. Valve fails closed - No boriec acid No boric scid avallable
Yalve (CS-£7) to makeup C(ilters, BWST

6.2.23 Manual Isolation 1. Valves fatl closed - No borie acld No borio acld available
Valves (CS-72, to available to makeup
€s-79) filters, BWST

6.2.28 Cheok Valve 1. Falls to prevent - Possible baok” fow If pump None If concentraled
(cs13) backllow 18 not running boric acid available

from LP borie acld pump

6.3 RC Bleed Holdup Tanks and Tranafer Puemps:

6.3.1  Manual Control 1. WC Bleed flow fatls RC Bleed Flow RC bleed holdup tank could Nowe If alternate flow
Valve (C5-31) emply; no impact since path avatllable

rest of svhaystem
operates only on demand
2. Valve falls closed - RC bleed holdup tank could Hone if ailternate (low

empty; no fmpact since
rest of subaystem
operates only on demand

path avallable

Alternate flow
path avallable

Mtornate fow
path svallsble
None

Alternate flow
path svatlable

None

None

None

Alternate flow
path av~ilable

Alternate flow
path avallable

Alternate flow
path availsble

Alternate flow
path avatlable

Alternate flow
path avaliable

Close CS-72

Alternate bleed
flow avallable

Bleed flow can be
diverted to
24D-T214
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Reference Dravings:

FSAR Figure 9.3-1 (Sheet 1)

FSAR Figure 9.3-2 (Sheet 3)
FSAR Figure 9.3-5 (Sheets 1,3,48)

RC BLEED, BORON RECOVERY, AND CHEMICAL ADDITION

Potential Fallure Mode

Immodiate Effectn

Interface At Suboystem Remedial Aotion
Component Mode Invol ved Within Subaystem Interface “ithin Subsystes
6.4.5 Miscelleneous 1. Eleotric power Electric Power Boric sold may orystallize;  None unleas concentrated Restore trace
Piping supply falls amal’ potantial for borle acid storage tanks hesting; unplug
plugging and Joss of flow are emply 1ines
2. Trace healing fatls - Bortic aold may crystallize; Nope unless oconcentrated Restore traoe
soal) potential for boric acld storage tanks heating; unplug
plugging ard loas of fiow are empty 1ines
6.4.5 Manual Isolation 1. Evaporator Evaporator No flow to feed tank, Tank None 1f feed tank is full Entablish
VYalves (CT-16, demineraiizer Demineral fzor han B-hov: capacity; borem recireulation
CT-19, Ca-88, flow falls; CY-16 Flow recove:y will continue flow from
CT-49, CT-36) falle elosed until ‘ouk Ie emply evaporator
2. Caustio Mlow fall>: Caustio Flow Lnemical imbslance In boron Chesical imbalance in None
CA-88 falls closed recovery system. borte soid to makeup
flters, BWST
3. Diatillete flow falls; Distillatle Mo flow to feed tank, Tank Mone If (#ad tank i full Establish
CT-49 f+''s olosed Cooler has B-hour ocspacily; boron reoiroulation
Flow recovery will continue flow from
until tank Lo emply svaporator
&, Concentrate flow Concentrate Concentrated boric acid Hone unless concentrated Close CT-38 to
back to feed tank; Flow returned to feed tank; no borte ncid storage tanks force
CT-36 falls open boron recovery are eapty concentrate
flow to
concentrale
cooler
5. Valve CT-19 falle - No flow te feed tank., Tank None If feed tank is full Establish
eloaed has B-hour capacity; boron recireulstion
recovery will conlinue flow from
until tank s emply evaporator
6.4.7 Check Valves 1. Fall to prevent - Possible backflow to None unless concentrated Close isolation
(cT-10, CT-37, backflow concentrate pump, boriec scid storage tanks valves CT-16
cr-11) evaporator demineral tzer are empty and CT-19
6.%.8 RC Bleed 1. Tonk leaks - Decrecaned flow; eventual None {if feed tank 18 fuil None
Evaporator Feed loss of suctlon pressure
Tenk (WD-TH2) to pump. Tank has B-hour,
capacity; boron recovery
will continwe until tank
1s empty
2. Yank empties - No fiow. Boron recovery None unless concentrated Hione
stops until tank refflled borie soid storage tanks
are empty
3. Tank vent, relfefl - Decreased flow, Tank han Mone if foed tank i full None
valves fall open B8-hour capacity; borom
recovery will continue
until tank 1o emply
6.%.9 Level Transmitter 1. Electric power Electrio Power No local level indication None None
supply folls
2. Commection leak Process Signal Incorrect aignal tlo Hone Hone
transmitter
Transmitter fatlwe - Mo local level indicetion None None

3.



6.0 SUBSISTEM:

Component

Reference Drawiogs:

Fotential Fatllure Mode

Kode

FSAR Figure 9.3-1 (Sheet 1)

FSAR Figure 9.3-2 (Sheet 3)
FSAR Figure 9.3-5 (Sheels 1,3,88)

RC BLEED, BORON RECOVERY, AND CEEMICAL ADBITION

Tmmediate Effeocls

interface
Involved

Vithin Subsystem

At Subsystes
Interfsoe

Remedial Action
Within Subsystes

6.

6§.0.102

6.0.13

Manual Isolation
Valves (CT-22,
cr-23)

RC Bleed
Evaporstor Feed
Pump (WD-PAG)

Pressure
Transeitter Falle

Manua! Tsolation
Valve (CY-20)

Control Velve
(c1-2%)

1.

2.

Yalves fall closed

Electrio power
supply fells

Pump falls

Eleotric power
supply falls

Connection leak
Transmitter falls

Yalve falls closed

Control signal

falls to open/
valve clone

Ientrumentl alr
supply falls

Elecirio Power

Flectric Power

Process Signal

Control Stgnal
From
Fvaporator
level

Inatrument Rr

Mo fiow Lo evaporator feed
pump. HRoacirewlistion Mlow
path can be establ iohed
through evaporator but
boron recaovery stops

Pump stopi; no flow to
evaporstor. Reclrouiation
flow paih can be
establ ished through
evaporator but boron
recovery stops

Mo flow to evaporator.
Recirculation flow path
can be establ’shed through
evaporator bui boron
recovery stops

No loocal pressure indication

Incorrect signal to
transmitter
No looal pressure indication

Fo flow to evaporator,
Reciroulation flow path
can be established through
evaporator but boron
recovery stops

Loss of flow contrel to
evaporator., Could flood
evaporator or allow
dryout. Recirculation
flow paths to ieed tank
or eviporaler can be
established, Roren
vecovery stops

Los. of flow control to
evaporstor. Could flood
evaporator or allow
dryout. Reclroulation
flow paths to feed tank
or wvaporalor can be
entablished, Boiron
recovery stops

None unleas concentrated
borte acid storage tsaks
are eapty

None unlesms concenlrated
borie scid storage tanks
are emply

None unless oconcentrated
borle acid storage tanks
are emply

None
None
None

Nore uniess concentrated
boric acld storage tanks
are empty

None unless concentrated
boric acld storsge Lanks
are emply

kone unless concentrated
borie acid storage tanks
are emply

Establ tsh
recireulation
flow from
evaporator

Establish
recirculation
flow from
evaporator

Establish
rocirculation
flow from
evaporostor

None
None
None

Establish
recirculation
flow from
evaporator

Establish
recirculation
flow to feed
tank or
evaporator

Establish
reciroulation
flow to feed
tank or
evaporstor



6.0 SUBSYSTEM: @C BLERD, BOROR RECOVERY, AND CHEMICAL ADDITION

Component

Fotential Fatlure Mode

Mode

Interfann
invoived

6.0.08

6.0.15

6.0.16

.07

Control Valve
(cr-2%)
{cont'd)

Cheok Valve
(cT1-29)

Waste, Dratn,
Sample Lines

RC Bleed
Evaporator
(WD-EVY)

3.

LB

,.

1.
2.

3.

5.

Spurious signal
to open/valve
olose

Interonl vealve
fatlure

Falls to prevent
backflow

Lines faill open

N, blanket sysiem
falls
Steam supply fatlls

Blocked tubes

Tube rupturc

Loar of heat transfer

capab’ifty

Electric power
nupply falls

Control Signal
From
Evaporator
Level

N, Blanket

Steam

Electric Power

Reference Drawings:

Tmnedlate Effects

¥ithin Subaystes

Lons of flow control te
evaporstor. Could flood
evaporator or allow
dryout. Reclreulation
flow paths to feed tank
or avaporator can be
established. Boron
recovery stops

Losa of flow vontrel to
evaporator. Could flood
evaporstor or allow
dryout, Recirculation
flow paths to feed tank
or evaporator can be
satablizhed, Poron
recovery stops

Possible backflow 1f puemp
is nol running

Peoreased flow to
evaposator,
flow path can be
establ {shed through
evaporator but boron
recovery stops

Poasible explonive mixture
formn

tvaporator flooda, No
bornn recovery

Decreased heal trannfer;
decroase in boron
recovery

Steam released to
evaporastor vapor apace;
decrease in boron
recovery

Evaporator floods, No
boron recovery

Concenirate heater /~ils;
potential plugging on '
lono of flow

Recirculation

At Subosystes
Interface

FSAR Figure 9.3-1 (Sheet 1)
FSAR Flgure 9.3
FSAR Filgure 9.3~

2 (Sheet 3)
S (Sheets 1,3 .40}

Remadial Aotion
Within Subsystem

None unleas concentrated
borio sola storage tanks
are emply

None unleas concenirated
borie acid storsge tanks
are empty

None unless concentreted
boriec acid storage tanks
are emply

None unless concentration
borie aoid storage tanks
ars emply

None

None unless concentrated
boric acld storage tanks
are empty

None unless concentrasted
boric acld storsge tanks
are zmpty

None unlens concentrated
borfe aclid storage tanks
are empty

None unless concentrated
boric acid storage tanks
are emply

None unless concenlrated
boric scid storage tanks
are emply

Establ {ash
recirculation
flow to feed
tank or
evaporator

Establinh
reciroviation
flow to feed
tank or
evaporstor

Cluse control
velve CT-28

Establish
recircul ation
fow to
evaporator 1
required

None

Esiablioh
recirculation
path to feed
Lank

Establish
reciroulsition
path to (i ed
tank

Establish
reciroulation
vath to feod
tank

Eatsblish
recirou. ation
path to feed
tank

Restore heater;
unplug lines
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6.0 SURSTIYEM: RC BLEED, BORON RECOVERY, ND CHENICAL ADDITION

Polential Fatlure Mode

T ——

Reference Drawings: F3AR Figure §.3-1 (Sheet 1)
FSAR Flgure 9.3-2 (Sheet 3)
FSAR Flgure %.3-5 (Sheets 1,3.80)

Ismediate Effects

Interface At Subsvstom Remedial Aotion
Component MHode Javoived Within Subaystiem Interfasce Within Subaystes
6.0.20 Distillete Cooier 3. Yube ‘uptwre - Cooling water released to None Eatablish recir-
(¥p-C9) distillate; diluten foed aulation path
(econt*d) tank concentration to feed tank
N, Loas of heat transfer - Deoreased heat transfer; None Esteblish recir-
cspabil ity high tesjeraiure culation path
distiliste returned to Lo feed Lank
foed tank
5. Cooler leaks -- Decreased ifistillate fiow Deoreased distilliate Estebitoh recir-
avatlsble to conden- suletion path
sate test tanks to feed tank
(dem' noral ized walor)
6. Inlet flow fails Evaporator No distillate flow NG disciilate asailable Rone
Pistillate to condensate Lest tanks
(demineral lzed water)
£.8.21 Concentrate 1. Electric power Elictric Power Pump stops; no concen.rate None unless concenirated None
(Reciro.) Pump supply falls fMow boric acid storage tanks
are emply
(wp-py) 2. Pump falls - No concentrate flow Kone unless concentraled None
borfe acid storage tanks
are eapty
6.84.22 Check Valve 1. Falle to prevent -~ Posaible baokflow If pucp None unless concentrated Close LT-38,
(cT-35) backf low is not rumning borie acid storage tanks cT-%
are emply
6.8.23 Preasure 1. Eleotric power Electric Power No local pressure Indicstion None None
Transmitier supply falls
2. Coomection leaks Process Signal Incorrect stignal to None None
transmitter
3. Transmitter fails - No Jocal prossure indieation None None
6.4.20 Manual Isolstion 1. Valve fails open -— Concentrate flow None unless concentrated Open CT-80 to
Yalve (CT-38) recirculated to borie scld storsge tanks divert flow
evaporator. Mo boronm are empty Lhr ough
recovery; possible concentrate
evaporator flooding cooler
2. Valve falls closed -— Possible flooding of None Flow can be
’ oconcentrate cooler; locos diverted
of Lemperature control in through CT-36
evaporstor back to
feed tank
6.0.25 Concentrate Looler 1. Cooling water supply Cooling Water High temperature borte acld  None Close comtrol
(wp-17) falls . returned Lo concentrated valve CT-80
boric acld storage tanks
2. Blooked tube - Decreased heat tran fer; None Close contrel

high temporature boric
scid returned to concen-
trated bortic acid storage
tanks

valve CT-W0



6.0 SURSYSTEM: NC BLEED, BORON RECOVERY, -mmnﬂ

Refcence Drawings:

Polential Fallure Mode

FSAR Figure 9.3-1 (Sheet 1)

FSAR Figure 9.3-2 (Sheet 3)

Immediate Effeots

FSAR Figure 9.3-5 (Sheets 1,3,80)

Interface Al Subsystem Remedial Action
Component Hode Invol ved Within Subsystem Interface Within Subsystem
6.0.25 Concentrate Cooler 3. Tubs ruplure - Cooling water ralessed to None Concentration oan
(¥p-17) concentrate; dilutes e
(cont'd) borie acld concentration from berie acid
wix tenk
A, Loss of heat transfer - High temperature buric actd  None Llose control
capability returned to concentrated valve CT-%0
borfe scid storage tanks
5. Cooler leaks - Peoreased concenirate [low None unless conocentrated None
borie meid storage tenks
are emply
6. Inlet flow falls Evayurator Mo concentrate flow None unless corcenlrated Close control
Concentrate borie actd storage tanks valve CT-%0
are eapty
7. Cooling water control Control Signal No concentrate flow None unless concentraled Close control
valve falls fFrom Conoen- borie acld storsge tanks valve CT-W0
trate Cooler are smply
Uircharge
Temporature
6.0.26 Teapirature 1. Eleotric power Electric Power Mo signal to cool ing water Mo signal to cooling See 6020
Transmitter supply falls o “trol valve water control valve;
see 6,020
2. Connection leaks Process Signal Mo signal to transeitter No signal to cooling See 6,020
water control valve;
see 6,020
3. Transmitler falls - No signal to cooling water No signal to cooling See 6.0.2%
control wvalve water control valve;
see §.0.2%
6.8.27 Control Valve 1. Instrusent sir Instrument Alr  Loss of concentrate flow Nome unless concentraled Close cooling
(cT-%0) wupply fatls control borio acid storage tanks water control
are emply ~alve; divert
concentrate
flow back to
evaporstor
through CT-38
or to feed Lank
through CT-36
2. Control sigeal fatls Control Signal Loss of concentrate flow None unless corcenirated Close cooling
to open/cl ose From control borie acld storage tanks water coatrol
valve Evaporator are emply valve; divert
Temporatur«e concentrate
Transeitter fMow back to
evaporator
through CT-38

or to feed tank
through CT-36



Reference Drovings: FSAR Figure §.3-1 (Sheet 1)
FSAR Figure 9.3-2 (Sheet 3)
FSAR Flgure 9.3-5 (Sheeta 1,3,84)
6.0 SUBSTSTEM: RC BLEED, BORON RECOVERY, AND CHEMICAL ADDITION

Potential Fatlure Mode

Immediate Effects

Comporent

Interface
Invel ved

Within Subsystes

AL Subsystem
Interface

Reoedial botion
Within Subsvstem

6.8.27 Contrci Valve 3. Spurious signal te Control Signal Loss of concentrate flow None unless concentrated Close ocool ing
(cr-so) open/close valve From vontrol boric acid storage Lenks water control
(nont'd) Evapor ator are empty seiva; divert

Temperature conrentrate
Transmitter flow back Lo
evaporator
through CT-38
or te feed tank
through CT- 3%
N Internal wvalve - Loss of concentrate flow None unless borie acid Close cooling

fatlure control storage tanks are esply waler control
valve; divert
concantrate
flow beck to
evaporator
through CT-38
or to feed tank
through CT-36
6.5 Deborat:. g Demineralizer:
6.5.1 Manual Costrol 1. KC Bleed flow falls RC Bleed Flow No flow to deborating Mo Flow to makeup filters None
Valve desmineralfzer
2. Valve falls closed - No flow to deborating None I altlernate flow Alternate flow
deminoral fzer path avallable path avallable
6.5.2 Manual Isclation 1. Valve falls closed - No flow to deborating None If alternate flow Alternate flow
Yalve demineralizer path avallable path avallable
6.5.3 Deborating 1. Tank leaks - Decreased bleed low None If alternate flow Alternate flow
Deminaralizer path avallable path available
2. Tunk emptien - Mo bleed flow None If alternste flow Alternate flow
path avatlable path avallablas
3. Tank vent, relief -- Deoreased bleed (low None IF slternate (low Alternate flow
valves fall open path avaliable path avallable
N, Rezin satwales - Mo boron removal from None If alternate flow Alternate Mlow
bleed flow path available path avallable
5. Caustic flow falls Cauntic No demineralizer Hone If altermate flow Atermate flow
regenerat fon path available path avallable
6.5.%  Miscellaneous Y. Electric power Elecirie Power Borie acid smay crystallize; Bone I alternste flow flestore trace
Plping supply to trace omall potential for poth avallnable beating; wnplug
healing falls plugging and loss of flow 1ines
2. Trace healing falla - Poric scid may crystallize; Nome If alternate flow Restore trece
small potential for path avallable healing; unplug
plugging and loss of flew 1ines
6.5.5 Waste, Drain, 1. Lines fall open - Pecreaned vleed flow Wone If sltermate flow Al ternate flow
Sample Lines path avallable path avallablo
6.5.6 Manusl Isolation 1. Vsives fall closed -- W0 bleed flow Nome If slternate flow Alternate flow

Valves

path svalliable

path svallable



Reforence Drawings: FSAR Figure 9.3-1 (Sheet 1)
FSAR Figure 9.3-2 (Sheet 3)

FSAR Figure §.3-5 (Sheets 1,),88)
6.0 SURSTSTEM: GC BLARD, BOROR RECOVERY, AND CHRMICAL ADDITION

Potential Fallure Mode lemedinte Effects

Interface At Subeysien Remedial dotion
Component Hode Involved Within Subsystew Interface Within Subsystes

6.5.7 Chack Valve 1. ¥Fsils to prevent - Possible backflow to
fOutiet) beok()ow

None 1f alternate flow
deborating deminerslizer

Close manual
peth avallable

isolation valve
6.5.8  Cheok Valve 1. Falls to prevent - Fossibie backflow to
(€3-123) backlow

Mo flow to makeup Filters Close APV
deborating demineral izer




