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2.0 DESIGN BASES

The auxiliary feedwater (AFW) system provides fesdwater to the
once-through steam generators (OTSGCs) during normal plant
startup, cooldown, and hot standdy conditions. The AFW system is
not reqguired during normal plant power operation, but remains in
the standby mode. During emergency conditions, the AFw system is
also designed to Qutomatically supply feedwater to the OTSCs
allowing the removal of decay heat from the reactor coolan;
Systeam (RCS) through the secondary system to a point at which the
decay heat removal System can be placed in operation.

In general, the Arw systea consists of diverse feedvater
Supplies, two Arw Pumps, a double crossover dilchatqc piping
Srrangement, and level control logic. A simplified diagram of
the AFW system is Provided as Figure 2-1.

2.1 SAFETY DESIGN BASES

The following Arw System safety design bases vere determined to
be required to Weet regulatory criteria and to directly or
indirectly ensure the health and safety of the public.

S:3.3 Safety Design Basis One

The AFVW gystem prevides feedwater for the removal of reactor core
decay heat to preclude damage to the reactor core following a
loss of main feedwater, and to eénsure the reactor cocolant
temperature can be reduced to the point at which the decay heat
removal system may be placed in Operation.

2.1.2 Safety Design Basis Two

The Arv and Supporting systems ensure the required flow to the
Steam generators in the event of a single active failure.

£.1.3 Safety Design Basis Three

In the unlikely event that ths control room Bust be evacuated,
the AFW system is Operated from the auxiliary shutdown panel.

2.1.4 Safety De-xgg Bazis Four

The AFW system, including the twe fources of service water, is
designed to remain functional following the sefe shutdown
tarthquake.

S+3.8 Safety Design Basis Five

The AFW system igs designed with two independent tull-capccity
Systems, each with diverse motive and control Pover sources. On
Complete loss of ac Power (station blackout), the turbine«driven
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AFW pump is capable cf meeting the fesdwater requirements for a
minimum of 2 hours.

2.1.6 Safety Design Basis Six

The AFW system is designed to avoid the effects of hydraulic
instability (water hammer).

2.2 POWER GENERATION DESICGN BASES

2.2.1 Power Generation Design Basis One

The AFW system may be used to supply feedvater to the steanm
generators during startup, cooldown, and hot standby.

2.3 CODES AND STANDARDS

Codes and standards applicable to the Arw System are listed in
Table 2-1. The AFW System is designed and constructed in
accordance with Quality Group C requirements up to the
containment isolation valves, and with Quality Croup B
requirements within the containment.
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3.0 SYSTEM DESIGN AND OPERATION

3.1 AUXILIARY FEEDWATER SUPPLY PIPING AND SUCTION SOURCES

The auxiliary feeuwater (AFW) Pumps take suction from the sources
described in Subsections 3.1.1 and 3.1.2 below.

3.1.1 Nonsafety-Grade Sources

The normal water source of the AFW system is the non-Seismic
Category 1, 300,000~gallon condensate storage tank (CST). The
CST 1s sized to accommodate the plant at hot shutdown for
&pproximately 4 hours followed by a 6-hour cooldown to 280F.

Alternate wvater sources for the AFW system are the deaerator
Storage tanks and the condenser hotwell. Water from the
deaerator storage tanks is normally used during hot standby or
normal plant cooldown to minimite thermal shock to the
once-through steas generstors (OTSGs ), Water from the condenser
hotwell is considered to be a backup source to be used if water
from the deaerators and the CST 1s unavailable.

3.1.2 Safety-Crade Source

A Seismic Category 1 supply to the AFW pump suction 1is provided
by the vervice water System (S5WS) to supply feedwater in tihe
event that the CST or other sources of water are not available.

3.1.3 Suction Piping Configuration

The AFW suction Piping, as shown in Figure 3-1, is arranged to
enable the motor-driven AFrw pump to operate independently of the
turbine-driven AFwW pump. Normal alignment of the AFW suction is
from the non-Seismic Category I CST when the AFw system is in
standby. All suction valves feqiired for system initiation and
control are pover operated.

Suction can be aligned either to the deserators or the condenser
hotwell by opening or closing remote manual valves operated from
the main control room (MCR).

Each AFW pump train connects to the Sws through two motor-
Opsrated, automatically actuated butterfly valves in series.
Switchover of the AFW Pump suction to the SwS is accomplished
automatically using a two-out-of-four low pump suction pressure
logic concurrent with the presence of an AFW Actuation signal
(AFWAS ). Upon actuation of this swvitchover, the nonsafety
suction sources are isolated and the two butterfly valves to each
service water train are opened. To prevent Spurious opening of
the service wvater valves due to normal transients, the low
suction pressure must Persist for 4 seconds before the transfer
is initiated. The valves edmitting ser. ice water can also be
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opened from the control room or Auxiliary shutdown panel in
response to an alarm of low AFW Pump suction pressure.

3.2 AUXILIARY FEEDWATER PUMPS

There are two safety-grade AFW pumps, one motor-driven and one
turbine-driven, for each of the two units. Each pump is a
horizontal centrifugal unit rated at 885 gPa and 2,700 feet total
developed head. The discharge head is sufficient to establish
the necessary flowrate Against a steam generator pressure
Corresponding to the lowest pPressure setpoint of the main steam
safety valves. The flowrate of each AFW pump is equal to, or
greater than, the flowrate required to remove the decay heat
generated at 40 seconds into the transient. The 40-second time
was chosen to allow the AFW system to inject feedwvater and begin
increasing OTSG level to the 50X operating range level, required
for natural circulation, prior to Completing reactor coolent pump
cCoastdown.

The motor-driven Arw Pump associated with each unit is supplied
with power from the Class 1E ac power system. Following

including an allowance of 10 seconds for starting the emergency
diesel generators.

The turbine-driven AFW Pump associated with each unit provides
System redundancy of AFW supply and diversity of motive pumping
pover. Steam supply Piping to the turbine driver, as shown in
Figure 3-2, is taken from each of the main steam lines inside the
containment. A line from each steam generator, equipped with a
normally closed dc motor-operated isclation valve, supplies steanm
to a common header. This header leads to the turbine through the
containment isolation valve and throttls trip valve. The steas
lines are designed to prevant the accumulation of condensate in
the lines. The turbine driver can operate with steam inlet
Pressures ranging from 45 to 1,160 psig. Exhaust steas fivs the
turbine driver is vented to the atmosphere above the auxiliary
building roof.

Cocling for the turbine-driven Arw Pump bearings and the turbine
lubricating oil is provided by interncl recirculation of the
pPumped fluid through the Pump seal coolers and the turbine
Primary lube oil cooler. This System is designed to provide
sufficient cooling with Pumpage temperatures at or below 130F,
and satisfies cooling requirements when suction is taken from
either the CST or Svs. Though not intended for normal use, but
pProvided to allow further operating flexibility, a secondary
cooler using service water is used when suction is desired from
the deaerators. Valves and controls necessary for the functien
©f the turbine-driven Pump and its associated equipment are
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anergized by Class 1E dc power supplied as discussed in
Section 31.%.

Following initiation of an AFWAS, Ssteam is admitted to the
turbine-driven AFW pump. The feed-only-good generator (FOGG)
Signals are provided to the steam supply isolation valves of both
Steam generators, ensuring that only the good steam generator
Provides motive steam to the turbine driver by closure of thg
Steam isclation valves from the faulted steam generator. This
ensures a steam supply to the AFW pump turbine driver. The time
required to open the steaa supply isclation valve and bring the
turbine-driven pump to speerd is less than 40 seconds.

The AFW pumps are located in separate flood-protected rooms at
el 584'-0" of the auxiliary building. Each AFW pump room 1is
provided with an engineerad safety features (ESF) unit cooler to
control room temperature at a level consistent with environmental
requirements for proper operation of the AFW system components.
The ESF coolers begin operation in conjunction with the pump they
€ool, and stop when the corresponding pump stops and the room
temperature is reduced below the room thermostat control
setpoint. The fan of each unit cooler is powered from the same
train as the pump with which it is associated. when the pump
served by the unit cooler is off, the unit cooler fan is
controlled by the pump room thermostat.

3.3 AUXILIARY FEEDWATER DISCHARCE PIPING

The AFW pump discharge headers, as shown in Figure 3«3, are
pProvided with a double crossover Piping arrangement for system
redundancy. Each discharge header splits into two lines: one
line for the lead-level control valve of the associated steam
generator and another line for the Crossover redundant-level
ccatrol valve of the other steam generator. The level control
valve in the crossover Piping normally remains closed as long as
the lead valve is functioning Properly. 1If either the AFW pump
or the lead-level control valve of one train fails to supply the
Necessary feedwater to its associated steam generator, the AFW
pump of the other train would then supply feedwater via the
Crossover piping.

Parallel containment isolation valves are provided on the
discharge piping to each Steam generator. One of the parallel
valves is ac powered and the other is dc powered.

The AFW pump discharge headers are also provided with minimum
recirculation and test lines. The discharge flowpath is to the
condensate storage tank or the cooling pond, depending on the
suction source. When AFW suction is taken from the deaerators,
Rinimum pump recirculation flow is satisfied by recircul.tion to
the deaerator storage tanks through the auxiliary-to-main
feedvater system crogstie.
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3.4 OPERATING MODES

3.4.1 Plant Startup

During startup, the motor-driven AFwW pumps may be used to suppiy
feedvater from the deaerating storage tank to the steam
generators.

3.4.2 Normal Plant Operation

The AFW system is not activated during normal power generation.
The pumps are placed in the standby mode and arev iined up to take
suction from the CST if this becomes necessary.

3.4.3 Hot Standby

During hot standby, the AFW system may be used to provide water
to each steam generator to maintain the vater level. Auxiliary
feedwater pump suction may be taken from the deaerator storage
tanks, which maintain the tempera:ure at aporoximately 229F.
Feedwater flow would be pumped into the mai: feedwater nozzles of
the steam generator via the Auxiliary-to-main feedwater system
Crosstie.

J.4.4 Normal Plant Cooldown

During cooldown, the motor-driven AFW pump may be used to supply
water to the steam generators from the deaerator storage tanks,
CST, or the condenser hotwell. The deaerator storage tanks would

be the primary suurce of this water to minimize thermal shock to
the steam generators.

Steam generated during normal cooldown is bypassed to the main
condenser. The AFW Pu=mp may be used until the reactor coolant
(RC) temperature drops to Approximately 280F, at which point the
decay heat removal (DHR) Systam is activated.

After the DHR system is pPlaced in operation, the OTSGs are placed
in a wet layup condition by uming the AFW system. During wet

layup, all required AFwW Components will be manually controlled to
accomplish OTSG filling.

3.4.5 Shutdown After Bigh-tnergy Line Breaks

The events follovwing a postulated break in AFw Piping depend upon
the plant conditions at the time of break. The technical
specifications will not Permit using the turbine-driven AFW pump
during hot standby except in emergencies. In the avent of a
Postulated failure in the Piping associated with the electric-
driven pump, the break is isclated and the turbine-driven pump is
started. Because the turbine-generator is not paralleled to the
offsite grid during hot standby, availability of offsite pover 1is

i-4
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Assumed. This permits use of the main feedvater pumps in the
event that the turbine-driven AFW pump fails to start.

Emergency shutdown is not required following a failure outside
the containment in the AFW system during normal or hot standby
operatiosi.

3.4.6 tlcrgoncx Operation

The AFWAS automatically starts both AFW pumps in less than

40 seconds. These pumps continuously supply the required
feedwater to the steam generators until the flow is terminated by
CPerator adaministrative control.

Urder emergency conditions, heat is removed from the RC system
(RCS) by boiling the feedwvater in the steam generators and
venting the steam to the atmosphere through the power-operated
Atacspheric vent valves and/or the main stean safety valves. 1If
the main steam isclation valves are open, steam may be relievad
via the turbine bypass Systeam if a condenser is available, or
through the modulating atmospheric dump valves, if the condenser
i8 unavailable. Either method is capable of lowering the RCS
temperature to a point where the DHRS can be placed in operation.

3.5 AUXILIARY FEEDWATER ACTUATION
The safety-grade AFWAS automatically starts both the turbine-
driven and motor-driven AFW Pumps . AFWAS also automatically
POositions the AFW valves both to mitigate the consequences of a
loss of main feedwater or loss nf offsite power incident and to
pProvide feedwvater to allow Primiry heat removal through the steam
generators. The AFWAS will Automatically start the AFW pumps
under any of the following conditions:

4. Lowv pressure in either OTSG

b. Low level in either OTSG

Class 1E bus undervoltage

Loss of reactor coolant flow indicated by loss of power
to three out of four reactor coolant pumps

e. Loss of both main feedvater pumps

f. Emergency core cooling actuation signal (ECCAS)

In addition to auto-atib initiation, AFW equipment may be

manually actuated from the control room or from the auxiliary
shutdown panel.
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3.5.1 Bypasses

A bypass is previded to avoid actuation of both the AFWAS and the
Rain steam line isclation signal (MSLIS) systems by a low steam
generator pressure during normal startup and shutdown conditions.
Bypasses are also provided to avoid actuation of AFWAS either by
loss of the main feed pump trip signal or by loss of three out of
fo' - reactor coolant pumps during normal startup and shutdown.

3.5.2 Interlocks

The AFW gvstem is equipped with a FOGG control system which
Operates to terminate AFW flow to a faulted steam generator. The
FOGG system continuously monitors the differential pressure
bDetween the steam gererators. when & preselected differential
Pressure is sensed. FOGC automatically closes the following:

&. The AFW isolation and control valves supplying the lower
Pressure OTSGC

The steam valve supplying the turbine~driven AFW pump
from the lover pressure O0TSG

The continuous inte.rogation feature of this system permits
isola*ion any time during a secondary pressure transient and
allows the lower Pressure OTSC to be returned to service should
the pressure differential be reduced by corrective action, such
@8 main steam and feedvater line isolation.

The OTSCs are protected from overfilling by automatic closure of
both the AFW level control and isclation valves feeding the
affected OTSGC on high=high level.

3.6 POWER SUPPLY

3.6.1 Normal Operation

The AFW system power supplies are derived from Class 1E sources.
Each AFW train (A and B) is fed from entirely independent
Class 1E sources. These sources include:

a. AC components are fed frem trains A and B Class 1f ac
buses.

DC components are fed from trains A and B Class 1EF dec
buses.

DC buses are normally fed through rectifiers from their
respective ac buses.

Station batteries feed the dc buses whenever ac power is
unavailable.
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3.6.2 Train A

The train A AFw system consists ¢f the motor-driven AFW pusp and
its related components. Major components of the Ssystem receive
Class 1E pover supplies as follows:

A. Motor-driven AFW pump - ac power

b. Room cooler fans - ac power

Level control valves - ac power through inverters from
the dc bus

Parallel containment isolation valves - ac power to one
vValve, dc power to one valve

€. Other valves - ac power
3.6.3 Train B
The train B AFW System consists of the turbine~driven AFW pump
and its related Compcenents. Major Components of the systen
receive Class 1E power supplies as followvs:

a. Turbine-driven AFW pump controls - dc power

B. Room cooler fans - ac power

Turbine steam Supply isolation and control valves - dc
pPower /hydraulic

Level control valves - ac pover through inverters from
the dc bus

Parallel containment isolation valves - ac pover to one
valve, dc power to one valve

f. Other valves - ac pover

3.6.4 Loss of Offsite Power

Upon loss of offsite pover, all components in trains A and B
receive power from the trains A ar1 B emergency diesel
generators.

To provide further AFW Systea flexibility, the motor-driven AFW
' ) are capabie of being fed
generator by manually switching the
Pover supply breakers via mechanical interlocks.
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3.6.5 Station Blackout

Upon loss of all ac power (station blackout), the train B Arw
sSystem will operate using 125V dc Class 1lE battery-backed
Sources. In such an event, the batteries will supply dc powver to
the components listed above and will provide ac power, through
inverters, to the ac-powered AFW level control valves. System
alignment is such that other AC povered valves do not need to
operate following the blackout. The dc system has sufficient
Capability to supply the required power for AFW system operation
during station blackout for at least 2 hours.

3.7 INSTRUMENTATION AND CONTROLS

instrumentation for the control and monitoring of the AFW system
is located in the MCR. Instrumentation for AFW System operation
needed to achieve plant safe shutdown is also contained on the
auxiliary shutdown panel (ASP) and may be used in the event the
control room is evacuated. Manual control of any equipment at
the ASP overrides the automatic and manual contrec. capabilities
of that equipment in the MCR. This allows full control from the
ASP regardiess of the mode selected in the MCR. The manual

Status of the controls at the ASP is indicated by lights on the
MCR panel.

The following controls are provided both in the MCR and on the
ASP:

Motor-driven AFW pump (start/stop)
Turbine-driven AFW pump (start/stop)
AFW level control valve position

Service water supply isolation valve position
(open/close)

Essential power-operated valves in system (open/close)

AFW pump tu.bine Speed control valve position

4re provided in the MCR for the following:
Condensate storage tank Rinimum level
AFW pumps low suction pressure
Remote control being overridden by local control

Service wvater Supply isolstion valves and CST
recirculation block valves open simultaneously

AFVW low flow
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The following parameters are indicated both in the MCR and on the
ASP:

OTSC water level

OTSC pressure

AFW pumsp suction pressure

Motcr-driven AFW pump (running/stopped)
Turbine-driven AFW pump (running/stopped)
AFW pump discharge pressure

AFW flovrate to each OTSG

Turbine driver steam inlet pressure
Condensate storage tank level

Position indicators for:

1. All AFW power-operated isolation and control valves
(open/closed)

Service water supply and co.uensate storage supply
isolation valves (open/closed)

Turbine driver steam inlet isolation valves
(open/closed)

Essential manually Operated valves in the
recirculation line (open/closed)
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4.0 STEAM CENERATOR CONTROL/SYSTEM RESPONSE

4.1 STEAM GENERATOR LEVEL CONTROL
“+1.1 Purpose

Auxiliary feedwater (AFW' is initiated by the auxiliary feedwater
Actuation system (AFWAS). Initiation of AFW occurs under two
conditions: 1) loss of main feedwater and 2) loss of forced
circulation on the Primary systeam. The primary means of
detecting a loss of main feedvater is low vater level in either
Steam generator. This signal detects a loss of feedwater from
Any cause. In addition to low steam generator lcvclf a loss ~;
sain feedwater is also detected by a loss of both main feedwater
pumps, low pressure in either steas generator, or an emergency
core cooling -tuation signal (ECCAS). The low stean generator
Pressure and :iCCAS signals are used to isolate main feedwater
and, therefore, the signal is alsoc used as an anticipatory start
for the AFW. A loss of both main feed pumps' signal, though not
Class 1E, is also used as an wmticipatory start for the AFwW.
While these anticipatory start signals will not detect all loss
of feedwater events, they will provide an earlier initiation of
AFW for those events that are detected.

When forced circulation is lost in the primary system, auxiliary
feedwater is used to ocbtain natural circulation. The primary
Signal used to detect this condition is the loss of three out of
four reactor coolant Ssumps. In addition to this signal, a

Class 1E bus undervoltage signal is used to detect a loss of
offsite power. Either signal will initiate AFW.

Once the Acw system is iniciated, it is controlled to a level
that :s dependent on plant conditions. If more than one reactor
coolant pump is running, the AFW is controlled tc approximately a
2-foot level. 1If forced circulation is lost in the primary
System, the level is raised to approximately 20 feet to establish
& high thermal center for natural circulation. 1In the event of a
small break LOCA, the operator must take manual control of the
system and Laise the level to Spproximately 30 fset to establish
steam condensation natural Circulation.

Initiating full AFW flow and rapidly filling the system to

20 feet can result ‘1 a large cooldown of the primary systes.
This cooldown could cause a loss of indicated pressurizer level
and possible actuation of the ECCAS because of a low re 4
cooclant (RC) pressure. To minisize the potential for th +.apid
cooldown, a level rate control System has been implemented.

4-1
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The design objectives of this control system are to:
&. Minimize operator action needed to prevent:
1. Loss of indicated pressuri:zer level

2. Low pressure engineered safety features actuation
system (ESFAS) actuation

P. Allow a minimus of 10 minutes prior o requiring
operator action to prevent Joss o pressurizer level
indication

4.1.2 lngut£Outgut

The functional design for accomplishing these objectives is as
follows.

Following AFW actuation, contrel of steam generator level is
accomplished using AFW control ‘alves in each AFrw loop. Control
signals for each AFW level cuutrol valve are supplied by
redundant and independent Class 1£ level transmitters on the
4§sociated steam generators Figure 4-1 provides a simplified
diagram illustrating the initaillation of these transmitters.
Controllers for each valve are located in the main control room
(MCR) and on the auxiliary shutdown control panel (ASP). 1In
addition to automatic actuation by the AFWAS, manual control of
the AFW level control valves for startup, shutdown, or emergency
Operations can be initiated using these controllers.

Auxiliary feedvater level control signals are continuously being
generated by level controllers for the associated stean generator
but are blocked from reaching the associated normally closed
valve. Upon AFWAS &ctuation, the signal blocks are autcmatically
removed and AFW level control commences. Dua’ level setpoints
Are used for level contreol. A low-level setpoint is utilized
vhen more than one of the reactor coolant pumps (RCPs) is
operating (signifying forced circulation) and a high-level
setpoint is used when three out of four RCPs are tripped
(anticipating rnatural Circulation). The setpoint switchover is
achieved by a safety-grade auctioneering device which senses RCP
Status. In addition, when the plant changes from forced
Circulation to natural Circulation, the low-level setpoint is
ramped at a controlled rate to the high-level setpoint to
preclude ov- rcooling of the Primary loop. The function of the
Famp generator is put on hold vhen either of the control stations
is put in the manual mode. A reset pushbutton for each ramp
generator is provided in the MCR and on the ASP. Manual
activation of this pushbutton allows the level setpoint to drop
to 2 feet, at which point the ramp function is restarted

automaticaliy. A simplified diagram of the level control scheme
is provided in Figure 4-2.
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The AFW level control! valve control systems are redundant. These
systems include redundart Clase )E level transmitters on the
Steam generator and redundant Class 1E level controllers on the
ma:n and auxiliary shutdown contrecl panels. Power for the AFW
level control systes and contrel valve is from the Class 1E

120 V ac preferred power powver supplies (battery-backed).

In the event of level transmitter failure, the AFW control valves
may be manually controlled by placing the controller to the Arw
control] valve in manual. In this mode, Lhe level setpoint can be
manually changed for manual level control.

The transfer to manual control from the ACP overrides automatic
control capabilities and removes manual operation from the
control room. This allows full control from the ASP regardless
5f the mode selected in the control room. Manual status of the
ASP controller is displayed by an indicating light on the control
Tocm panel. This indicating light is used to bring attention to
An abnormal condition affecting the associated controls.

The following conditions are used as bases for level control
System design.

4. Maintenance of safe shutdown capability using the
auxiliary feedwater System is required.

b. Steam generator level is required to be monitored to
Provide AFw gystem control.

€. Steam generator level, isolation and control valve
pPositions, AFW pump operation, and AFw flow are the

. minimum indications nNecessary to adequately monitcr AFW
operation.

d. The normal operating wizier level for the st~am
generators is 2 feet during forced circulation and
20 fee: during natural circulation.

€. The asaximum and minimum design water levels for the

steam generators are approximately 36.5 feet and 1 foot
above the bottom tubesheet, respectively.

f. Auxiliary feedwater ACtuation signal response time (not
including sensors or ACtuated devices) is less than
500 milliseconds. Subsequent to establishing AFW flow,
the level in the steam generators can be allowed to vary
somewhat during safe shutdown; therefore, response time
for AFW level control is not critical for performance.
Auxiliary feedwater operation is initiated by the AFWAS
vhen steam generator level reaches 1 foot. Auxiliary
feedwater level controllers are preset to automatically

B3
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control steam generator level at 20 feet during natural
circulation and at 2 feet during forced circulation.

9- Applicable design bases are also given in Section 2.0.

4.1.3 System lcsggnsc

The high AFW injectio= point provides sufficient heat transfer
high in the steam generator to establish natural circulation.
Because of this high injection point, a rapid filling of the
Steam generator is not required. A conceptual study of lcvol. '
rate control was performed prior to the development of a specific
hardvare design. This cenceptual study confirmed that the level
rate control concept is viable and established a proli-inary AFw
fill rate. This level rate limit was established by examining
both high and low decay heat cases.

When the initial decay heat level is low and all RCPs are off
(i.e., no pump heat is available) almost Any rate of once-through
Stean generator (OTSG) level increase, however small, will result
in cooling of the RCS. At the same time, other factors dictate
the need for higher fill rates. First, if one fill rate limit is
to be used for all initial conditions, then it must provide
adequate coolan: at high decay heat levels. Second, the tinme
required to reach the high-level setpoin” must be the minimun
Practical to ensure adequate natural circulation flow is
established. And finally, the rate limit chosen sust be of E

large enough Ragnitude tc allow smooth control by the electronic
circuitry.

Two bounding conditions were chosen 48 the criteria for rate
selection: 1) the rate must be high encvugh to previde adequate
ceoeling with 100% decay heat, and 2) the rate must be low enocugh
to provide a minimum of 10 minutes for operator action with 15%

decay heat. A level rate limit of 4 inches pPer minute satisfied
these conditiors.

Figures 4-3 through 4-5 depict the results of the 15, 40, and
100X power cases USing a 4-inch-per-minute level rate. Auriliary
feedwater flowrate to each stean gensrator was varied from about
180 gpm to about 200 gpm tc achieve the level rate of 4 inches
Per minute for the various decay heat levels.

The 15X case resulted in the most rapid cooldown, with
Pressurizer level going off-scale at about 890 seconds

(14.8 minutes) into the transient. At that time, OTSC levels
were about 4 inches on the startup range; thus, Operator action

would be required before 14.8 minutes to maintain indicated
Pressurizer level.

The 40X case does not show pressurizer 1. .vel going off-scale, but
extrapolation of the rate of pressurizer level decrease with the

4-4
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rate of OTSG level increase indicates operator action would be
required before approxisately 21 minutes into the transient.

The 100X case :hows a very gradual RCS cooldown and thus, a very
gradual loss in irdicated Pressurizer level. This case is not
expected to result in the need for operator action; i.e., the
240-inch level setpoint would be reached before indicated
Pressurizer level is lost.

Figure 4-6 provides a graphic representation of time available
for operator action varsus initial decay heat level using a
4-inch-per-minute fill rate. This graph shows that a minimum of
10 minutes will be available for all initial conditions and, for
initial decay heat levels 290%, no operator action is reguired.

Thus, a fill rate on the order of 4 inches per minute satisfies
both criteria of Providing at least 10 sinutes for operator
action to preclude loss of indicated pressurizer level ano
providing adequate cooling for maximum decay heat levels.

4.2 FEED-ONLY-GOC) GENERATOR INTERLOCK

4.2.1 Purpose

The AFW system is equipped with a feed-only-good generator (FOGG)
interlock which Operates to terminate AFW flow to a faulted steanm
generator. Following a steam line or feedwater line break, the
heat removal from the Primary systes must be controlled to avoid
excessive overcooling resulting in a possible return to power.
Continued feeding of AFW to a depressurized steam gencrator
Creates the potential for this overcooling. 1In addition, if the
break is inside the reactecr building, centinued feeding of the
faulted stear generator can result in excessive mass and energy
release to the reactor building. The FOGG System is intended to
detect the steam generator wvith the break and to isolate AFW to
that steam generator for those breaks where prompt automa.ic
aAction is required. A second consideration in the FOGG design is
to ensure that continued heat removal is always available through
at least one steam generator. As a result, the FOGG system can
isolate AFW to either Steam generator A or B, but cannot isolate
feedvater to both gtean generators.

The method for detecting the steca generator with the break is to
Rmeasure the pressure differance between the two steam generators.
When the pressure difference exceeds a setpoint, AFVW is
terminsted to the low-pressure steanm generator. 1If this pressure
difference is the result of a break in the system, then the lowe
pPressure steam generator will continue to depressurize as the
remaining inventory in the steam generator is lost through the
break. If the pressure difference was caused by some unexpected
System perturbation or if the break is isolated, the steanm
generator would repressurize. Wwhen this happens, the pressure

4-5




“ _ a
. i® -

Midland Plant Units 1 and 2
Auxiliary Feedwater System
Design Review Presentation

differential between the two steam generators would be reduced
below the setpoint. The FOGC System would then reestablish AFW
flow to both steas generatoers.

4.2.2 Iggut(Outgut

The FOGC system continuously monitors the differential pressure
between the steam generators. When a predetermined differential
Pressure is sensed, FOGC automatically closes the AFW igolation
ana control valves supplying the lower pressure OTSGC and the
Steam supply valve from the lower pressure OTSG to the steam
turbine-driven AFW pump. The FOGC logic is developed as part of
the plant ESFAS. The continuous interrogation feature of this
System peruwits isolation any time during a secondary pressure
transient and allowvs the lower pressure OTSC to be returned to
service should the pressure differential be reduced by corrective
action (i.e., main steam and feedvater line isolation). in
addition, manual actuation/block of FOGC is provided for.tho
Operator to feed the good generator during a tube break in the
Other steam generator. A simplified diagram of the FOGG systema
i8 provided in Figure 4-7.

Redundant actuation and controls are provided throughout the
AFWAS on a one-to-one basis with mechanical equipment trains to

énsure the required flow to both steam generators in the event of
4 single failure.

4.2.3 System Response

A typical system response to a steam line break is shown in
Figure 4-8. This case is a 2.0 square foot steam line break
which has been determined to be the wOorst case overcooling
transient. For th:s Case, both steam generators rapidly
depressurize and are isolated by a low RC System pressure ECCAS
signal which results in closure of the main steam and main
feedvater isolation valves. The FOGC system will also isolate
AFW to the affected steas generator. As can be seen from the
plots, the steanm generator with the break will continue to
depressurize while the depressurization on the other steam
generator is stopped. The Pressure in the unaffected steam
generator is then controlled by the temperature in the primary
System. That is, the steam generator will repressurize to the
saturation pressure corresponding to the temperature in the
Primary system. 1If this case were calculated further out in
time, decay heat would gradually heat up the Primary system and
the steam generators would then repressurize to the atmospheric
dump valve or safety valve setpoint.
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4.3 STEAM CENERATOR OVERFILL PROTECTION
4.3.1 Purpose

Overfilling of a steam generator that causes liquid carry-over
into the steam lines has several potentially serious
consequences. Potential consequernces include: 1) steam-wvater
hammer can impose excessive thrust loads on valves, piping, and
Supports, and 2) twvo-phase flow to the turbine-driven AFW pump
can damage the controls or turbine preventing its operation. Ffor
these reasons, an AFW overfill protection system has been
implemented to Automatically terminate AFW flow when an overfill
condition is imminent. This overfill protection system uses a
high-high level signal in the steam generators to teminate
feedwater and allows a return to normal AFW level control when
the level falls belowv a predetermined setpoint.

4.3.2 Input/Qutput

Steam generator high-high level signals are developed (... _ie
wide-range steam generator level transmitters. These are the
Same transmitters that are used for the AFW level ceontrol system.
Interlocks are provided to demand closure of level control and
isolation valves to pProhibit AFW flow to a steam generator if the
level has reached the high~high level setpoint. A demand closure
Signal to the valve will remain active until the steam generator
level drops to 10% of the transmitter span below the high-high
level setpoint. As the demand closure signal is re. 'ved, the
normal AFW control system will regain control of the AFW system,

4.1.3 System Response

An auxiliary feedwater overfill transient occurs msuch slower than
& main feedwater overfill transient because of the lover flow
capability of the AFw System. As a result, specific simulations
of an AFW overfill event have not been performed.
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5.0 AFW SYSTEM RELIABILITY

The Midland Plant Auxiliary Feedwater System Reliability Analysis
Synopsis, prepared by Pickard, Lowe, and Garrick, Inc., is
provided in Appendix A.
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6.0 DESICGN EVALUATION TIONS

This section provides the auxiliary feedvatar (A'V) system safety
evaluation and compliance with the Standard Review Plan 10.4.9
Acceptance Criteria (including genaoral design Criteria/regulatory
Quides/Dranch technical positions) and other Isgulatory guidance.
(Refer to PFigure 6-1.) Wharever "position® or "guideline"
Statsments appear in the following section, the words have been
Paraphrased from the referenced regulatory docusent for the
purpose of brevity. Midland-specific terminology has replaced
generic designations where appropriate.

6.1 SAFETY EVALUATION

The following safety evaluations correspond to the similarly
nuabered safety design bDases as given in Section 2.1.

$.3.1 Safety !!a;ung;og One

The AFW system, in conjunction with the condensate storage tank
(CST) [or the service water systems (SwWS) if the CST is
unavailable). provides a means of pumping sufficient feedwvater to
Prevent damage to the reactor following & loss-of-main feedvater
incident. The AFW system can also cool the Yeactor coolant
system (RCS) at a saxizum rate of 100F per hour (via the turbine
Dypass system) if the main condenser and circulating vater
systems are available.

During normal cooldown with the condenser available, the motor-
driven pusp reduces the feactor coolant tamperature directly to
280F, at which point the decay heat removal systeam is initiated.
During an abnormal cooldown, i.@., a loss of offsite ac power,
unavailability of the main condenser, or loss of the motor-driven
AFW pump, the turbine-driven AFw Pusp is capable of reducing the
tamperature of secondary systes once-through steam generator
(OTSG) to approximataly 310F. However, under these conditions.
the decay heat removal Systam is capable of being initiated at
325F, instead of the normal 280F, to further cool down the RCS.

Pump capacities are discussed in Section 3.2. The capacity of
the AFW pump equals the flow at 105F which, when injected in the
steanm generator, will offset by evaporation the decay heat
released following a reactor trip from full pover (as determined
by using the method prescribed in Branch Technical

Position APCSB-9.2 for Calculating decay heat generation). The
puzp discharge head sufficiently establishes the necessary
flowrate against a2 steam Jenerator pressure corresponding to the
lowest pressure setpoint of the main steam safety valves. The
minimum condensate storage tank volume adequately accommodates
the plant at hot standby for approximately 4 hours followed by a
6~hour cooldown to 280F.




Hidland Plant Units 1 and 2
Auxiliary Feedvater Systea
Design Review Presentation

6.1.2 Safety ﬂgucqog Two

The AFW systam provides a redundant and diverse mseans of
supplying feedwatsr to the steam generators for cooling the RCS
under emergency conditions. Either pump has the capability of
supplying 100X of the feedvater requirements for safe cocldown of
the RCS. Complete physical and electrical separation is
Baintained tiroughout the pump controls, control signals,
electrical pover supplies, and instrumentation for each AFV pump.
The AFV system can perform its safety-related function assuaing
Any single active component failure coincident with loss of
offsite power.

6.1.3 Safety Evaluation Three

Instrusentation and controls are provided that enable operation
of the pumps at the auxiliary shutdown panel (ASP) in the event
of control room evacuation. Instruments provided at the ASP are
described in Section 3.7.

6.1.4 Safety Evaluation Four

The AFV system is designed to meet Seismic Category I
reguirements.

The AFVW pumps take emergency suction from two sources. The
normal source is the non-Seismic Category ! CST. 1If the CST is
unavailable due to a tornado or seismic event, the operator is
notified by low-pressure alarms on the pump suction, and an
Automatic svitchover to the Seismic Category 1 tornado-protected
SWS occurs. One service water train supplies each AFV pump.
Upoa initiation of service vater, the affected AFW train is
Automa.ically isolated by power-ocperated valver from the
non-Seisaic Category ! piping leading to the CST, condenser
hotwell, and deaerator storage tank. Check valves are also
provided to prevent backflov to the CST, condenser hotwell, and
deserators. Each SWS train is isolated from the other so that
failure of one does not affect the other.

6.1.5 gggggz gggsunggog :;v,

Divermity is provided in the type and number of pumpse, sources of
watar supply, pover supplies, and Arrangement of piping and pump
and valve controls, so that any single failure will not negate
the AFV systea's ability to perform its safety function. The
motor~driven pump and associated equipment are povered by

Class 1E ac power supplies. The turbine~driven pump receives
Steam from e.lher or both mein steam lines before they leave the
containment. Valves and controls necessary for the function of
the turbine-driven pump and its associated equipment are
energized by Class 1E dc pover supplies.
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Assuming a tesporary loss of all offsite, normal onsite, and
SRergency onsite ac power (station blackout), the AFV system 1i»s
designed to perfora its safety function for at least 2 hours.

The stesam turbine-driven AFW pump provides the required feedvater
to both steam generators during station blackout.

¢.1.6 Safety Evaluation Six

The AFV systeam incorporates the following design features to
Rinimize the effects of hydraulic Ainstability (vater hammer):

4. AFV piping rises vertically to the OTSG AFW nozzle to
Prevent drainage of the lines into the OTSGCs.

AFW lines have check valves to prevent back drainage of
the lines.

Lov-tamperature AFV is fed directly at the upper section
of the OTSCe into the tube bundle. independent of the
main feedvater nozzles, #0 that the in)ected vater is
heated to within a fev degrees of ~aturation prior to
pooling above the lower tubesheet.

6.2 CENERAL DESIGN CRITERIA

The AV systea conforms to the general design criteria (GDC)
provided in 10 CFR 50, Appendix A, a= 4i3Sussed Ddelow

.2.1 GDC 2, Design Bases for Protection Against Natural
thenomena

Cuideline: Structures, Sfystems, and components important to
safety shall be designed to withstand the effects of natural
phenomena such as sarthquakes, tornmados, hurricanes. floods,

tsunami, and seiches wvithout loss of Capability to perform their
safety functions.

Design: Structures, Systams, and components required for Afw
system performance are designed to meet Seismic Category 1
requireseants and to withstand the effects of other credible
natural phenomena such as tornados and floods. The natural
phenocmena and their Bagnitudes are selectad in accordance with
their probability of occurrence at the Midland site.

6.2.2 vire n se

Cuidsline: Structures, fystams, and components important vo
safety shall be designed for the environsental conditions
tesociated vith normal operation. saintenance testing, anad
posiulated accidents, including loss-of-coolant accidents. They
shall be appropriately protected Againat dynamic effects,
including the effects of missiles, Pipe vhipping. and discharging
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fluids, that mey result from equipment failures and fros events
and conditions outside the nuclear power unit.

Deaign: The AMV systam design includes two redundant,
independent, safety-grade AFVW trains that ensure the systes
function will not be compromised Dy pustulated environmental
conditions and dynasic effects. Purther details, including
environmental qualification, are provided in FSAR Chapter J.0.

¢2.3 @x 3, Shariog of Structures Systess, and Components

Guideline: Structures, systems, and cosponents important to
safety sball not be shared among nuclear power units unless it
Can de shown that this sharing will not significantly impair
Wesir abilivy to perforw safety functions, including, in the
evant of an accident in one unit, an orderly shutdown and
cooldown of the resaining units.

Design The only shared system/component in the AFW systam is
the Dackup safety-grade Sw§ T™he SWS, vhile shared between
UNLits, coucains two redundant independent trains Each §YS train
A8 Capabie of simultaneously supplying the emargency feedvater
feguiremants of both units.

2.4 JX 19, Control Room

Guideline A control room shall be provided from which atiuns
can be taken o operate the nuclear pover unit safely under
normal conditions and to saintain it in & safe condition un. r
accident cond_tions. EQuipment shall also be provided at
Appropriace iocations outside the control room With & capability
for promp* hot standby, maintaining & safe condition during hot

standdy, «nd with a potential capability for subseguent cold
shutdown .

Design: Instrusentation and controls required for operating and
BONitoring the AFVW system are provided in the sain control room
and on tha As» Further detail is provided in Secticn 3.7

6.2.% X &4, Cooling Water

Guideline A system shall be provided to transfer the combined
heat [2ad frowm structures, Systams. and components important to
safety to an ultimate heat sink under normal operasting and
accident conditions

Suitable redundancy in components and features. and Suitable
intercornsections, leak detection. and i1solation capabilition
shall be provided to ensure thet [or onsite electric power system
Operation (sssusing offeite pove. 4s not available) and for
ofimite wiectric puver wystem operation (ABBUBINg onsite pover i»
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NOt available) the system safety function can be accomplished,
assuning a single failure.

Design: The AFV systesm provides sufficient feedwater to the
OTSCe to transfer the RCS decay heat loads to the sain condenser
or, Af the condenser is unavailable, to the atmosphere through
the atmcspheric dump valves, power-operated atmospheric vent
valves, and/or the main steam safety valves. The AFW systam is
designed with redundant isolatable trains that ensure its safety
function will not be compromised, assuming any single active
failure concurrent with a loss of offsite pover.

¢.2.4 @0C 43, Inspection of Cooling Water Systes

Cuideline: The cooling vater systam shall be designed to pemit
Appropriate periodic inspection of important components, such as
bBeat exchangers and piping, to assure the Aintegrity and
“apability of the systes.

Design: The AFV system design #llowe inspection of components
essential to the systam's safety function in accordance with the
ASME Boiler and Pressure Vessel Code, Section XI.

6.2.7 L Qiing W m

Guideline: The cooling vater System shall be designed to pemit
APPropriate periodic pressure and functional testing to assure
i) the structural and leaktight integrity of its components,

1) the operability and the performance of the Active components
Of the systam, and J) the Ope ability of the system as a vhole
and, under conditions as close to design as practical, the
performance of the full operational seaquence that brings the
Systam into operation for reactor shutdown and for loss~of-
coolant accidents, including operation of applicable portions of
the protection systes and the tranafer between normal and
SRAIgency power sources

Dasign: The AFVW systes denign allows testing of the Asmz
Components in accordance with ASME Code Section X1. The AFV
System instrusentation design allows testing in accordance with
Section 4.10 of IEER Standard 279-1971.

§.3 REGULATORY GUIDES

The AIVW systes conforas to the applicable regulatory guides as
discussed belov.

$.3.}) L ‘ ] . -

PFosition: Portions of the Arv system extending from and
including the secondary side of stean generators up to and

L LS )
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iscluding the cutermost containment isolation valves and
connected piping up to and including the first valve (including a
sofety or relief valve) that is either normally closed or capable
of automatic closure during all mcdes of normal reactor operation
thall meet the requirements of ASME Code Section I11, Class 2.

Design: The AFW syszem piping and valves that are part of the
containment pressure boundary meet the resguirements of ASME Code
Section 1I1t, Class 2.

Position: Particns of the AFW systes important to safety, but
Dot included in the guideline above, shall meet the reqQuirements
0f ASME Code Section III, Class 3.

Design: Arv gystem components important to safety meet ._he
TeqQuirenents of ASME Code Section III, Class 3.

6.3.2 Regulato Cuide 1.29, Seismic Desi Classification
(8/73)

Position: The AFW system shall bDe desigrated as Seir.:.c
Category I, designed to withstand the effects of the safe
shutdown earthquake and to remain functional, and peet the
T ality assurance requirements of 10 CFR SO, Appendix B.

Cesign: The portions of the AFW svsten required for its safecsy
function are designed o0 meet Seismic Category I requirements
and are housed in Seisnmic Category I structures.

6.3.3 Regulatory Cuide 1.52, Manual Initiation of Protective
/731\

Actions (10,

Position: The AFW system shall De capable of manual init:ation
4t the system level, from the control rocm, and perform all
actions performed by automatic initiation.

Design: [Each train of the AFW actuation signal can be manually
initiated from the control room and results in the same system
fesponse as automatic inatiation.

Position: EqQuipment common to both manual and sutomatic
initiation shall be minimized.

Design: The nuaber of AFW components common to both manual and
automatic i{nitiation hes been minimized to the extent
practicable. No single failure in either the manual or automatic
controls will preclude operation of the AFW system.
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Position: Equipment reqQuired to manually initiate protectivs
actions shall be minimized.

Design: A single pushbutton on the main cocntrol boards is
Capabls of ipitiating each AFV train (two trains per unit).

6.3.4 Requlatory Cuide 1.102, Flood Protection for Nuclear
Power Plants (9/78)

Fosition: The AFW systea should ba designed to withstand the
NOSt severe flood conditions postulated to occur due to severe
hydrometsorological conditions, seisaic activity, or both.

Design: The safaty-related structures housing the AFW system are
Capable of protecting the systam from the effects of the probadble
Saxiaum flood, including maximum water level concurrent with wvind
vave activity.

6.3.% lngglato;z Cuide 1.117, Tornadoe Design Classification
(8/78)

Position: The AFW systes should be designed to withstand the
effects of the design basis tornado (DBT).

Design: The AFW system can withstand the DBT including tormado-
Jenerated missiles, and maintain its safety function.

6.4 BRANCH TECHNICAL POSITIONS

6.4.1 BTP APCSS 3.1, Protection Against Postulated Pipin
Failures in rtuxa Systeas Cutside Contaxnmcntg

BTF MEB 3-1, Postulated Break and Leakage Locations
In Fluid System !12103 Qutside Containment
AFW systam compliance with the applicadble portions of
BTP APCSB 3-1 and BTP MEB 3-1 is described in Section 3.4.5. A

detailed discussion of high- and moderate-energy pipe failure
protection ise provided in FSAR Sectior 3.6.

6.4.2 BT? ASH 10« evisicn 1 Desi Cuidelines for Auxilia

Feedvater Systeam Pump Or’ve and Power Supply Diversity for
PWRs

Guideline: The AFW systes should consist of At least two

full-capacity. independent systems that include diverse power
sources.

Design: The Midland dasign contains two fulle-capacity,
independent AFV trains, each capable of supplying the feedwater
requirements for a safe cooldown of the RCS. One train centains
& motor-driven pump, the other a turbine-driven pump. Redundant
and diverse Class 1L power sources supply the pumps and valves.
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Redundant Class 1E power scurces are provided for the controls
and instrusentation required to operate and monitor the AFY
sSystea. Refer to Sections 3.0 and 4.0 for further detail.

Guideline: Other powered compcnents of tha AFW systea should
also uss the concept of separate and multiple sources of motive
snergy.

Design: Refer to the previous design response paragraph.

Cuideline: The AFW intake and discharge piping arrangement for
each train should permit the pumps to supply feedwater to any
combination of steam generators.

The Midland AFW system piping arrangement is capable of supplying
fesdwater to any steam generator considering any single active
component, power supply, or control systeam feilure. The suction
Piping arrangement e¢nadles independent operation of each Arw
Pump. The discharge piping arrangement includes a crossover
design allowing eech puzp to feed either stean generator. Each
train is fed by independent, diverse pover sources and is capable
of remote marual/automatic control. Refer to Section 3.0 for
further detail.

Guideline: The AFW system should be designed to offset a single
AcCtive component failure.

Design: The AW systes 1s designed to withstand any single
&ctive failure coincident with a loss of offsite power.

Cuideline: Wwhen considesing a high-energy line brsak, the system
should be so arranged to assure the capability to supply
NeCessAry emergency feedwater to the steanm generators, despite
the postulated rupture of ary high-energy section of the system,
Assuaing a concurrent single active failure.

Design: Normal operation of the electric-driven AFW pump occurs
during periods when the turbine~-generator is not para.leled to
the cffsite grid. Operation of the turbine-driven AFW pump for
Any normal operation is precluded by USAR Technical
Specification 16.3/4.7.1.2. Under any potential operating
condition for which a high-esergy line rupture msust be
postulated, availability of offsite POVSIr 18 assumed. Therefore,
in the event of a high-energy line rupture at the discharge of
one pump (worst case) and a single active failure of the other

Puap, the main feed puaps are available as & Jater-injection
source.
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6.5 OTHER REGULATORY GUIDANCE

The following section discusses the conformance of the AFW systam
to applicable regulatory guidance not covered in Sections 6.2
through 6.4.

6.5.1 KERC 10 C¥R 50.54(f) Regquest, BiW System Sensitivity

Formal responses to the BéW systes sensitivity concerns wers
provided by Consusers Power Company in letters to the WRC from
§.H. Howell to H.R. Dunton, dated Movember 30 and

December 4, 1979, and April 1, 1989. The follovwing items are
applicable to the AFW system. The responses to these itams is as
referenced below.

Itam 5, Pully Safety Grade AFW Systas - Refer to Sections 3.0,
4.0, and ¢.5.4.1

Item 6, FOCC System - Refer to Sections 4.2 and 6.5.4.3
Item 9a, Reliability Analysis - Refer to Section 5.0

[tem $b, Flow Indication Upgrade - Refer to Section 6.5.5.2
Item 9¢c, Piping Modifications -« Refer to Section 3.0

Item 10, Isproved AFW Flow Control - Refer to Sections 1.0, &.0,
and 6.5.6

6.5.2 Arv stem Flow Re

Responses to the requests for information regarding the basis for
AFW system flow requirements, transmitted in Enclosure 2 of
D.7. Ross, Jr.'s lettsr to $.H. Howell of April 24, 1900, 18

provided in Section 10A.4 of Appendix B.
Transients and
d_Operacing Plants

A comparison of the Midland ArFv systes design with the
Facommendations of NUREG-0611, Appendix III, ie provided in
Section 10A.3 of Appendiz 3. The preliminary Midland Technical

Specification 16.3/4.7.1.2, AFW System, is provided as Appendix C
for information.

6.5.4 67, Transient Response

The following recommendations correspond numerically to the
recommendations contained in Section 2.2 of NUREGC-0667.
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$.5.4.1 Recommendation 1, AFv Systes Upgrade
Position: The AFW systyw should meet safety-grade requirements.

Design: All essential portions of the AFw system are safety-
grade and designed to me:t Seisamic Catagory I requirements.

$.5.4.2 Recommendation 2, AFV System Initiation and Control

Position: The AFV system should be automatically initiated and
control.ed by safety-grade systems independent of the integrated
control system (ICS), nonnuclear instrumentation (NNI), and other
nonsafety systeams.

Design: The AFW system is automatically initiated by the safety-
grade AFW actuation signal (AFWAS). Automatic alignment and/or
modulaticn of Arvw-related valves is accomplished with safety-
grade contrcls. Both the aucomatic initiation and control
functions are independant of the ICS, NNI, and other nonsafety
systess.

6.5.4.3 Recommendation 4, Steazm Line Break Detection and
Mitigation

Position: The steam line break detection and mitigation system
should eliminate adverse interactions between it and the AFW
system. It should be capable of differentiating between an
actual steas line break and undercooling or overcocling svents
Caused by feudwater transients.

Design: The feed-only-good generator (FoGC) control system
ocperates to terminate AFW flow to the lowver pressure OTSC when
the differential pressure between the two steam generators
exceeds a predetarmined value. This system sllows the higher
pressure OTSC to remain in service at all times for decay heat
remcoval duty. Therefore, positive differentiation between steam
or feed ater line breaks and feedvatsr transients is not
required.

6.5.4.4 Recommendation 9, Post-Trip Pressure and Level Response

Position: Following a reactor trip., pressurizer level should
resain on scale, and svstea pressure should remain above the
high-pressure injection actuation setpoint. The system response
(e.9., secondery pressure) should be modified to meet thes~ two
objectives. Meeting these objectives should be independent of
all manual operator actions.

Design: A response to this position is provided in Appendix D.

6-10
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6.5.4.5 Recommendation 10, Sensitivity Studies to Reduce OTSG
Response

Position: B4W licensees should perform sensitivity studies of
possidle modifications which would reduce the response of the
OTSG to secondary coolant flow perturbations. Beth passive and
ACtive measures should be investigated to mitigate cvercooling
and undercooling events.

Design: A response to this position is provided in Appendix D.

6.5.4.6 Recommendation 21, Reevaluation of AFW System Injection
Point

Position: The need to introduce AFW through the top spray
sparger during anticipated transients shall be evaluated. The
reduced depressurization response if AFW could be introduced
through the main feedwater nozzle and could enter the tube region
from the bottom of the unit shall be considered.

Design: A response to this position is provided in Apperdix D.

6.5.5 NUREG-0737, Clarification of TMI Action Plan Reguiremants

The following i:ems correspend with the Afwe-related 1tems
provided in NUREG-07137.

6.5.5.1 Item II.E.1.1, AFW System Initiation

Position: An AFW systenm reliability aralysis shall e provided
to determine the potential for AW system fajilure.

Design: The Midland Plant Auxiliary Feedvater Reliability
Analysis, performed by Pickard, lowe, and Garrick, Irc., has been
forwarded to the NRC by letter from J.W. Cook to H.R. Denton,
Serial 11223, dated February 23, 193l. A synopsis of the
analysis is presented in Section 5.0.

Position: An evaliation of the AFw systenm using the acceptance
criteria of SRP 10.4.9 shall be provided.

Cesign: An evaluation is provided above in Secticn 6.0, alorg
with design details provided in Sections 1.0 and 4.0.

Pos.tion: The AFW system flowrate desiyn bases and criteria
shall be reevaluated.

Design: Refer to Section 10r.4 of Append:ix B.
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6.5.5.2 Item II.E.1.2, AFW System Autcmatic Initiation and Flow
Indication

Position: Safety-grade automatic initiation of the AFW system
and safety-grade flow indication to ecach steam generator shall be
provided.

Design: The AFW system design incorporates safety-grade
automatic system initiation and flow indication as described in
Sections 3.0 and 4.0. As a result of clarifications to the
requirements associated with this item, the Midland design will
De revised to incorporate two safety-grade flowrate indicators in
the main control room for each steam genarator.

6.5.5.3 Item II.X.2.2, Initiation and Control of AFW Independent
of the Integrated Control System

Position: Procedures and training to initiate and control the
AFW syntem independent of the integrated control system (ICS)
shall vs provided.

Design: The AFW system is independent of the ICS. Procedures
and training asscciated with AFW initiation and control are beina
developed to comply with the above guidelines.

6.5.6 Cpen Items Associated with Staff Peview of ¥1dland Plants
(NRC Letter, 3/30 79; Meetings of J10-11/"5 and

4/19-30,73

6.5.6.1 RSB-4

Cuideline: This open item expresses concern About primary systew
ove..o0ling when using AFW to control OTSG level during loss-of-
offsite-power events.

The Midland design incorporates a level rate limiting circuit in
the contro. logic of the AFW flow control valves. This feazure
minimizes «Fw-induced overcooling of the RCS and permitsg the
Pressurizer level to remain (n the indiceting range following
reactor trips. Analyses of plant performance during such events
are provided in the response to FSAR Question 211.134

(Appendix E). Section 4.l provides furtner detail.

6.9.6.2 1ICsB-11

Guideline: This open item requests further information or tre
instrumentation and controls for sutoratic switchover of the AFw
pPump suction from the nonsafety condersace 8torage tank %o the
safety-grade SWS,

6-12
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Design: Appropriate portions of FSAR Chapter 7 have been revised
to address this concern. Refer to Appendix F.
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LIST OF ABBREVIATIONS

Auxiliary feedwate:

Auxiliary feedwater actuation signal
Auxiliary shutdown panel

Condensate storage tank

Decay heat remuval

Emergency core cooling actuation system
Cmergency safety features actuation system
Feed-only-good generator

Hain control room

Once-through steam generator

Reactor cooclant

Reacter coolant pumps

Reactor coolant system

Service water system
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Midland Plant Units 1 and 2
Auxiliary Peedwater System
Design Reviev Presentation
TABLE 2-1
AUXILIARY FEEDWATER SYSTEM
CODES AND STANDARDS

Quality Code/ Seismic
Component Location Group!’ sStandard'? Catego el

Turdbine-driven Aux c I11-3 I
AFVW pump

Motor-driven Aux Cc 111-3 I
AFW pump

APV pump turbine Aux NA NA 1
AFVW pump motor Aux NA IEZE 323/344 1
Piping and valves Aux Cc 111-3 I

to penetration

Piping and valves Cont B I11-2 I

to 0OTSC

me.s: Quality group classification a8 defined in
Regulatory Guide 1.26

@ 1112, 1113: ASME Boiler and Pressure Vessel Code,
Section II1, Class a: 3

@ 1: Construction in accordance with seismic requirements
of Regulatory 1.29 and Appendix A to 10 CFR 100
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AUXILIARY FEEDWATER
SUCTION CONFIGURATION

IAFWASA

! 2/4
R R

l

me J

) <P
SERVICE I‘_ ‘

WATER A
AC MOTOR-DRIVEN
P AFW PUMP
CONDENSATE % AC
- STORAGE
0 TANK AC
CONDENSER
HOTWELL "
AND —— AFWAS B
DEAERATOR § £
STORAGE TANKS r---——-—_- 2. 16 e _..'.@
ooy AC ! TURBINE-DRIVEN
Q;l) @ | AFW PUMP
SERVICE : 1
WATER a“‘ « B ?
DC

FIiInea 4



AUXILIARY FEEDWATER
PUMP TURBINE DRIVER

AFWAS A
FOGG A

AFWAS A/B

AFW
DC DC/ PUMP

TURBINE
HYDRAULIC DRIVER

L
=

FIGURE 3-2




AUXILIARY FEEDWATER

DIS "HARGE CONTIQGURATION

i~ {FOGG AA)
|

-_‘fl_;a“:

——
()
“OVOR-DRIVEN

AFW PUMP
AC

NOTE: AC* SIGNIFIES A
BATTERY-BACKED
POWER SUPPLY

C-I11

TURBINE-DRIVE
AF'N PUMP

DC

- {FoGa AB)

’E’/.’i-}"“““”“”

Ay sl L 4 Si-mm
@ DC |

v
—%’W—D\j “"‘1“41 b :'I‘:*: =
|—LF:Q@] ' P

FIGURE 3-3
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AUXILIARY FEEDWATER
INITIATION

¢ LOSS OF MAIN FEEDWATER
* Low OTSG Lavel

* Loss of MFW Pumps

e Low OTSG Prescure
e ECCAS

e LOSS OF FORCED RC SYSTEM CIRCULATION
e Loss of 3-out-of-4 RC Pumps

« Class 1E Bus Undervoltage

M ANl TS Y AN Y
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AUXILIARY FEEDWATER
CONTROL

e LEVEL CONTROL
* 2 Feet - RC Pumps Running
- e 20 Feet - Natural Circulation

* 30 Feet - Small LOCA (operator action
required to raise level to 30 toe,,

® RATE OF FiLL CONTROL

* Level Raised at Approximately 4 Inches per
Minute to Prevent Overcooling

MIDLAND TS 1 AN 2 G 1547 08
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AUXILIARY FEEDWATER
TYPICAL STEAM GENERATOR

~649"" TOP GF UPPER TUBESHEET
-~ ma 620" LEVEL TAPS®

AFW INLET” 607" AFW INLET NOZZLE
NozzLE
smranae ||| mansaon e, seon
TRANSMITTER \r) vaivas)
I'| [-246" NORMAL LEVEL (ramped) if
RCPs OFF

NARAOW-RANGE A
LEVEL

TRANSMITTER |

*NOTE: Four narrow rangs
and four wide-range
transmitters per
OTSG. Transmitters

= m = 1-102" LEVEL TAPS®

-30"" NORMAL LEVEL IF RCPs ON

-6"" LEVEL TAPS*

"0" TOP OF LOWER TUBESHEET
' AT EL eos'.7.'

share bottom taps. Q1847 08
ey FIGURE 4-1




. AUXILIARY FEEDWATER NARAOW RANGE
g LEVEL CONTROL LOGIC
(Simplified) R
;:"’ Lan FIGURE &2

SETPONTY




AUXILIARY FEEDWATER

CONTROL SYSTEM DESIGN
OBJECTIVES

e MINIMIZE OPERATOR ACTION NEEDED TO
PREVENT

e Loss of Indicated Pressurizer Level

e Low-Pressure ECCAS Actuation

e ALLOW MINIMUM OF 10 MIMUTES PRIOR TO
REQUIRING OPERATOR ACTICN TO PREVENT
LOSS OF PRESSURIZER LEVEL INDICATION

SSOLAND TS ' AN 7 GiSer 07




AUXILIARY FEEDWATER
CONCEPTUAL DESIGN STUDY
RESULTS

e CONTROL OF AFW ADDITION IS NOT
REQUIRED WHEN FILLING TO 2-FOOT

SETPOINT

~Al

e CONTROL CF AFW ADDITION AT RATE OF
3 TO 4 iINCHES PER MINUTE IS SUFFICIENT TO
PRCVIDE ADEQUATE HEAT REMOVAL FOR
NATURAL CIRCULATION FOR MAXIMUM DECAY
HEAT AND WILL MINIMIZE OVERCOOLING FOR
MINIMUM DECAY HEAT

DL AND LTS ' 20 2 G 1547 0
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AUXILIARY FEEDWATER

H 570 it Pl o { o ¢
L1 S . - an
B Ie 2
! -b"‘l s 5 e 1= ‘
| T e e em e e es—.— - 1™
s it : i
'\ e
. 'M 4w
: s =
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._E - \\1. -.-”',’ 3 !
S —— - il s
- =
2 :
§ I ne ol L TE T 1=
L R e S N) |  LOSS OF OFFSITE
5 ! - \.\'j"‘" " 1|  POWER EFFECTS
3 a {. ¥ FROM 100% POWER
2 i A FILL RATE AT
; L e S S ~ 4 INCHES/MINUTE
e FIGURE 4-5
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AUXILIARY FEEDWATER

TIME TO REACH ZERO [NOTE AFW FLOWRATE 1S | TIME TO Fi.L
INDICATED PRESSURIZER LIMITED TO LEVEL OTSG TO
LEVEL (minutes) ,- RATE OF INCREASE 20 FT-MINUTES

OF 4 INCHES/MINUTE
’T \"'w-n.-.‘.m

80
50 50
&
TIME TO FULL so/ ':
401 TIME YO REACH [ JMO
\ ,
30 30
20 20
10

ZERO INDICATEN ’
PRESSURIZER > ‘
LEVEL o’
&
&
- P & #

10
NO OPERATOR
ACTION ASSUMED
e w—

) 20 40 60 80 100

W s FIGURE 4-8 S
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AUXILIARY FEEDWATER
FEED-ONLY-GOGD GENERATOR
LOGIC

PURPOSE

* Isolate AFW to Faulted OTSG Following
Steam Line Break or Feedwater Line Break

e Limit Reactor Coolant System Overcooling

e Limit Mass and Enargy Releases to Reactor
Building

* Ensure Heat Removal Is Always Available
Through Minimum of One OTSG



AUXILIARY FEEDWATER
FOGG LOGIC

FEED
BOTH
OTSGs




+' UXILIARY FEEDWATER

rP MAIN STEAM PRESSURE ?

: DFFERENTIAL .AHIIIIA! -

-+ TRANSMITTER o

A — OV "

o - \
OT80 A PRESSUAE | 8P/ é!&moommz,
OTSG 8§ PRESSURE OTS$G A PRESSURE

MANUAL BLOCK g : @—— MANUAL BLOCK
MANUAL ACTUATION - MANUAL ACTUATION
“OR’* GATES
- - TO VALVE LOGIC TO VALVE LOGIC “ v 0

FEED-ONLY-GOOD GENERATOR LOGIC

CHANNEL A

(typical for Channels B, C, end L)
FIGURE &-7
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AUXILIARY FEEDWATER
OTSG OVERFILL PROTECTION

e DETECTION
e High OTSG Level

»i

e ACTION
e isolate AFW to Full OTSG

» Allow AFW System to Regain Control When
OTSG Level Has Dropped Below Setpoint
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APPENDIX A

XIDLAND PLAXT
AUXILIARY FEEZDWATEIR SYSTEM
RELIADILITY ANALYSIS

SYNOPSIS




MIDLAND PLANT
AUXILIARY FEEDWATER SYSTEY
RELIABILITY ANALYSIS
SYNOPSIS

by
Dennis C. Bley
Carroll L. Cate
Daniel W, Stillwell
B. John Qarrick

Prepared flor
CONSUMERS PCWER COMPANY
Jackson . Michigan
March, 198)

PICKARD. LOWE AND GARRICK. INC
CONSULTANTS - NUCLEAA POWER
WIVING. CALITORMA WACHINGTON. O ¢
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SYSTEN AMALYSIS
4.1 Bystea Models
1.1 Slaplified Systes Piping Diagrams
¢.1.1 Punctional Block Diagrame
4.1.)  System Pault Tree
$.1.4 Computer Prograns
4.1.9% Data
4.3 Random Pailuces
4.3 Test nd Maintenance
$.3.1 Testing
4.3.2 Maintenance
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Ao _STATRINEWT OF PURIOST

A study wae made of the reliability of the Widland suxiliacy
feedvwater systes for Consumets Powar Company (CCo) of Jackson,
Nichigan. The purpose of the study was to:

N Provide a thorough and comprebendible sssessment of the overall
reliability of e system.

- Identify iapoctant contzibutors to unteliabilicy.
B Compece three altarnative pump conf igeration designa.

A principal alm of the study was to use the most applicable data in the
analysis with due regatd for the true tange of ancercainty in this
information. Is addition, to meke comparisons with WAC analyses sore

dicectly visible, calculations using the standard NRC dats Dase ha e deen
inc luded,




2. _3OWARY

™he emecgency functic. of the suxi:lary feedwater system (AJWS) is
€0 provide beat removal for the Prisa. system when the main feedvatar
dystem is not avallable. Weter ia Suppllied from the condensate storage
Cank (CIT) or secvice weter Systes through tvo pumps to each of two Stean
fensrstors. The AIWS sust provide this function during emall loss of
coolast accidents (LOCA) as well 48 following transients that lead to &
1088 of main feedwate:r. T™he AMS provides lnitial cooling to prevent
Overpiessurzation of the Primary system and has sufficient preferred
,water supply tcoumum hot standby conditions for 4 hours followed by &
Cooldown to J20°F. The Systes is also ueed luring normai plant
Startup, shutdown, and hot Standdy conditions. Requirements for succecs
under emergency conditione are that flow from a lesst one pump e
delivered to at lesst one Steam generato: Lmmediately following initial
demend .

T™he system nalysis determines the Systes hardware minimal ¢ t sets,
1.0., the amallest ffoups of combined component failure Bodes thet lesd
tO systes failure. It further Catalogs the causes for specific cceponent
failure modes and evaluates their lirelihood of occcurtence. The causes
congidered (nclude:

@ Random independent failures
- Test and saintenance

B Humen erroc

E Common cavse failures.

Tvo sets of data are used in s Fate quantifications. The maC
point estisate date from WUMEG-041) (4] g4 identifiod hece as NAC Dats.
Cacte moat applicanle Lo the Nidlend AFWS the: includes uncettainty has
Daen {dentified as Plant-3pecific Dats. ™e three specific casen
described in MURRC~0611 ace analyied:

Lo W% - transient Initiated by Intecruption of the sain feedwater
System (reertor trip ‘ocure) and offaite AC power reme ing
available.

1, LW /L00P - transiont initiated by loes of offsite AC power and
f8ector trip occure imain feedvater systen 19 interrupted by the
1ose of offeite powet). Oneite Sarqency AC power scuices are
tisated Prodebilistically.

). ¥ only OC power 4vailetle ~ tranatent | initiated 4o In
Ite® o above, Dut onsite RN igency AL power sowrces are
una 'allatle.

Mote that these crees leed 0 conditions] whaveiiability calculations
BAt 4re Covplod wirn pecific staten of elsctrie POwe .

Linsasivaar




Three alternative pusp configucation designs are analysed. Their
block diagrams are shown in Piguce 1

Ja. Double Crosscower (DCO) - ome 1008 motor~driven pusp and one 1004
turbine~driven pusp. This cption bas csen selected by CPCo for
installation at Midland. It Permits each pump to supply either
Ot Doth steam generators. Rach crossover path is coetrolled dy
the same electricsl Supply a8 the asscciated pusp.

. Bese Case - one 1008 wtor~driven pump and one 1008 turbine~
driven pump. This option was the original Widland design. It
POrRIts sach pump to supply either or both stess genecators.

Je. Thee Pump - two 308 sotor~diiven pusps and one 1008 turbine-
driven pusp. This design 1s siailar to that used st some other
(88) plants and is included for comparisce purposes oaly.

Results for the OCO desivm are displayed in Table 1 for esech of the
theeo transient cases and each data set. The results using the NRC Data
for each of the theee cases are piotted In Pigure 2 along with similar
rosuits!3] for other Badcocs and Wi lcos (B4¥) plants. Midland appeats
to De one of the Dettar pecforning Ben suxiliary feedwater systes.

Tables I and ) present the fesults vaing plant-specific Cata for
COmparisons of the dase case and the three pump designe sgainst the DOD.
The Bace Case ond the DCD have nearly identical teliability ressits. The
OC0 18 clearly Detter vhan the ™ieee Pump design analysed. These
resuits, including the effects of uncectainty, are Placed .+ Detter
Petspective by e cusves of Piguee 3.
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1. __METIO00LOCY

T™he approach taken in this stady is to separste the relladility
prodles into two logically distinct sodules = determination of sinimel
cutaets of P and detarnination of cause sets, l.e.,
S8USES that can bDiing about falluwres of the equipment cutsets.

T™he ficet step 19 to develop & detaliled fault tree of the systes.
That tree (s developed down to the lewsl of basic component failure
modes, such as “valve MOV J870A falls w0 opes.” Thus when the sinisel
.Cutsets of this faslt tree are determined, they crepresent groups of
equipsent functional failure modes thet must occur together If the systes
fc to fall. Thoes cutsets are charactacistic of the systes hacdwace
alone.

A sisplified fault tree for the Midland APNS s abown in Pigure 4.
The TOP event, "Moo Or Insufficient Plow (MOI?) To Both Steasm Genecators,®
Can only oovur Af there is NOIF from the mOtor pump section AND from the
turbine pump section. NCIF from & pusp section can only occur or NCIP
from all water soutces oc fallures within the pusp sections. The
detalled fault trees ace shown in the Aain Report /48] for ehe base
Case, double crossover, and three pusp designs tespectively,

The second step 18 to tabulate the posaidle causes for each failuce
sode. A single equipment functional failure mode My be caused by random
independent faults, test and saintenance, common oOr independent numan
interactions, common environmentsl conditions such as high temperatuce or
flooding, #9ing. etc. Eatite cutsets sy fail due to any single cause ot
coincident comdinations of Causes.

The cause tree for the Midland APWS, Piguce 3, lays out the overall
solution spproach of this report. WNOIF to both Steam generatocs can only
occur If one or more failuce mode cutsets are failed. Such faitlures sust
be caused by:

Random [ndependent Tailures
on

Independent Numan Brrocs
L#] |
Test and Maintenance in Contenction With Othet Caunes
Ch
Common Cause Pallures
on
Other Pailute Causes.

12




— .

If time is svailable to recover from eystws fallure, thes tecovecable
tandom failures only lead to system failuce when combined with buman
inaction =~ human falluce to recove:. Buch cases were sot conaidersd in
this analysis becasse, dased on available information, system success
ioquictes Lamediate operazion.
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4. SYSTEN AMALTSIS

1 prsTEn moKis
1.1 Sismlified Svetem 212> Diencams

Piping disqrame for wach of the three proposed designe are presented
Bt a8 Base Case, Pigure 6, Double Crossover, Plgure 7, and T™ree Puap,
Flgure 8. Theee Sleplifisd PuIDe are graphical models of the important
flowpaths and crmponents (s the AFNS. Theee disqrases. al with otder
JPRttinent desir  “formation discussed In the Main Report (18], serve
68 the basis fo. il further sodeling and anslys.s.

¢-1.3 Pupctional Bloce Disecees

T™he bloch disgrame shewn sarlier ae Figure 1 provide simgple
undecatanding of the functiomal Connection among B4 jo! Systes component
Fioups. The owverall tellamility logic beccess clear as well.

¢-1.3 Systes Pagls Tree

™e fault tree models the failures that must occur to prevent
Successlful systes operation. e TOP event ie delined as "No O
Insufficient Plow To Both Stees Cenerators.® BSuccess (o defined ae the
flow trom at lesst ome PNER Croin delivered to at least one stees
Fmerator. The slaplifiod fault tree of Pigqure 4 showed that for the
SYsten to fall we sust fall o deliver Svificient flow to DOth steem
Senerators. In sach case wia foguires that there (s no or insulficient
flow thiowgh the stees Fonerator Ialet velve section or that there le ~a
OF inautficlent flow delivered to thet section. Secondly, we must have
RO or inesullicient flow frem e motor driven pump (aither suat fall ia
the three pusp slternativel and no or insufliciont flow from the terbine
dciven pusyp. Pinally, there 1o no water from any of the potentis! water
souices. The complete fauit tiee ®Odels ace presented In Appendices A,
B, and C of e main Report for the Dase cose, Souble crossover, and
theoe pump slternatives fompectiveily, where the aystes (o sodeled to the
level of major components. [nciuded are the Peps, valwes, electrical
SUPPly, motor operators, asd terbine and control mechanioss. Mot ulelod
Sce deain Lines, drain valwe, piping, and connected Linas which are
Saall In slae, (.9, SYSten components whose fallure (Aten are vory luw
Conpared to the anes Included |a the model. T™e A3 flowpath s sodeled
From the water sources 1o the 010an gonerators. Rlectrically, the tystes
I8 sodeled from the bee to 1he Fysten. (Mote that for the cane "N
Offeite Power Aveilatie,” ihe Gi000] generators are treated
Prodabilistically.)

Variations on the sdin e le vere sede depending upon the inttial
conditions of the scenacio. These vaclations vere Sade a4t the basie
ovent level and conalated of CEhnges o the fallure Provadility for the
Basie event. As enamples, tonaider the folloming: 1o tun the sodel for
the cone "Loss of Offaite Mwer.’ the Fallues provasilitiens tor the AC

s
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Busee were (acressed to the value of the probadility of fellete of o
dioeel gemerator to start; to simulate the condition of salstenance on o
PRp tzain, the pump failece Probability was changed to one (which
indicates » falled Composent) which tesulted In & new listisg of sinisus
Cutaets for system falluce. In this Rannet, the basic tree developed for
& pacticular wysten desige can corcectly evaluate system fallure fos
varying iaitlal conditions.

¢:1.4 Compyter Proscems

T™he computer programs that we.o used to process information in
LYt rellability analyees 4ie in the public domalin and are avelladle
LArouwgh the Asgonne Code Center. The codes are the moet Current versions
of computer pachages that Nawe been (n uae for meny years. Mos: of the
COMuLEr Prograns wvere uaed in Support of the Mector Bafety Study,
WRER-1400, ond have Deen mdified as devolapuents are sede o reduc e
Computer coat of Laprowe curc presentat l.T The computer rqu-.
ueed om this project are Ma i), comcanti-alil), oug mocang (il

1.9 peta

T™e compiete deta beses used in the atudy ace given In the Main
Report,

MR Data.  The data wavd for the POIAL sstimate quantification e
fOquesiod by the NRC, 10 taaen from Appendis 111 of WNSS-04lL. T™he
SOUICe for that dats was primecily WASE-1400104), 10 come cases tuch
FONOriC dats sisceprosents quipmont actually (netalled in & Weeilic
Plant. Caing point Rtineten aesas the Plast=to=plant vaciability ae the
Primety souice of RGertalaty In the deta 80 weed In WARN- 1 400,

- « A plent-eapenilic dats Dose for
Ridiand vear prepaced. The et availanle deta to descride he wmpecitice
SRUipRInt In plate st Nidland (o Ingluded. It (g bosed e generic dats
that includes ¢ vide uRCerainty band to ectount for Plant-to~plant
veciabiiity and whote sulfficiont Ridland-apeuific data 10 availstle thoee
V0501 ie Aot idutiong Geve Seen Whated Lo sccount for the wpeeilic
v ipment and practices In Place at Nidiand.

.3 pasoon raiLoney

Randonm system falleren fteflowt the syaten Salfunct jong that oceur T
& 1o0uit of rendon cusponent foiluren. T™e colncident follure of sech
CURPENent (n an AFWE gutsot (oanite In & tonden system failure. T™is
Sltuation doee not (ac]udy sad hould be Gifferentiated from test and
ReiAtenance, commor causs, and Independent Naman 211008, T™he foction on
Pelan (rterection elbncrtes on the subieot of recovery of the systes by
IOP8.1 o operator sction,



4.3 THET M0 A eTEmaNC
¢.3.1 Zastine

S The NS nd it WPPerting syetane are tested Peciodically te
satialy plant techalcal apecificatioa tepuicements. This weeting ansures
Llat these systens vwill be erenle whea required by various plank
sonditions. The plaat tecinloal wpecificecions alse lismit the time taat
SYStemi. o portions of systame, Wy 5% wt of service and ldentify
Pecial testing requicements RRCessary ™ easure plant selety waile these
ut-of-service systems o¢ CERPONeRLE At el repaired.

Plant provedures Sancerniaf this tecanical apecification testing
Vaie not yet avalladle for waie Saalyaier therefoce, siignt diffeconces
Between (he actual test wetsods aad Lhe tenersl setiods discuased ia tals
SCtion may esist.

APY Paea. ™o sumiliacy fesdwator pange are tested Soathly oa »
tag9ered basis. Tais test FOquices that the APV pusy successluily pans
1008 of the roquired flow CArOwah the pump test Dypase line st the
fequired puap discharge doad. To Savelop whe requicred Pressvre, the
PRPE ware Momed W Do (selated feom the APNS 4t e level control
valves during taie full flow Ceating. Owiing the test, 12 the Afws .,
(equired 2 operate. the OPerator at the tast bYPeass valve mwet glose
LALa vaive 0 allow APV flow to fovd wre Ky,

Every 1) senths, we Susiliacy tosdwatar pumps are eheched Lo snsure
Lhat ey stact wpon receipt of an sl liary lesdwater sCtuation signal.

MY Valras ALl mesval. Pover-operated. or sutometic velves that
818 Aot loched, seeled. or etharvise *ecured (s poaition ace worified in
the cotrect position Saathly. This teet 1s sseumed 1o be & visual checn
tather than & malve eycling theen.

Bvery 1) sonths sech Sviomaticelly operated valve I8 cheched o
SARUCe the wive oycles 1o tae COrrect position uwpon teeeipt of an
furiliary feedwater actustion SiAnals the suaiiiary leodwator atesn
fererator Llevel sontiol velwes 810 chechod 1O snaure LAY S irtain stoen
1onerator water lovel: and the Containment 1eo0iation and the leve)
GoAtrol valver are ohected e RUEe Whey fYCie ehut wpon reeeipe of »
RGN lewel 1a the sasoriated Stoam generatae.

- The ausiliary teedwater
Mluation aysten (Aiead) (g fanctionally coecned wnathly. Channel crecas
A0 pacformed at leset Svery (1 mouin, and tihe INGtrumentation ohannels
A0 Calinrated ot Jeent every L8 montne.



« Lavel in the condensate Storage tank {a
verified at lesst vary 11 hours. With one of the two condensate storage
tands inopecadle, an Suxiliary feoeduuter Pump supply flowpath fa
demonstrated to de opecable at least daily.

; Sarvice water vilves (manual, sutcmatic, or

POvat-operated) which servive safety-related oquipment are verified to be
ia the correct poeition montily if the valves are not locked, sealed, ot

Otharvise secured ia position,

Every 18 sonthe sech Sutomatic valve (s verified to actuate to its
«COrrect position upon feceipt of an esssential safequards features
SCTuation signal (RSTAS) and sech SSEVICH water pusp (s verified to start
On an EIFAS test signal.

4.3.2 maintengncy

ALl system components weie reviewed for puseibdle contribution 20
e intenance unavelladility. Generic data was faviewed in conjunction
With Ml component teview to identify peevalont failure modes and the
elfect of the sssociated Mintenance on systes operation., The following
I8 & Brief discuseion of the TOBuite of this review,

Natdwage "atluges “ani 20t8). Paching replacement and
Mdluntment I8 the dominant Cause of meintenance on valves. In msost
Ca8en. A8 maintenance can be Pecforsed with the valve in the correct
position for system operation (Eully open o¢ fully closed). valve
fepaies roquiring dissssemtdly of the velve, although net froquenc)y
GECwIring, ey haw Rejor Lepact on systes avallability due to systen
isolation coquiresents Recessary o safely pertorn this saintenance.
T™hoee valves which rruire full A onytdown in order for repair also
foquice & plant shutdows (por techaice! pecifications) nd, thetefore,
S0 not contiidute to the e intenance mavailenility of the Arws. T™ose
YOLves requiring saintenance which only need » ingle APW pusp train to
5% Shut down do contridute te S intenance Wavailability of the APws.
Valves whleh are Periodically eycled, which have o throttling action, o¢
which are In # Nigh IRy Syetem 4w the Sominent contributors to this
navelisdility. These valves e Iineivded in the PUBp train maintenance
wnavellssiliny,

Pump saintensnce consiets of & ramqge of Mctions from metor
dissssemiy 1o PORiIng sdiustment. Por the APW PUBDe, mO8t Maintenence
Peclformod roquites Isoistion of the g from the systen end, thetelore,
CONLIIbutas to the saintenance waveileniliny of the = BITILY

T™e seintonsnce on lacge motoce fange liom (repection and cloaning
16 Major disesssmnly, ™e Prevaiont fatluee mode 10 bearing fallure
which romires partial disassemtly of the otor. All saintenance of *re
APV pusg wmotor SOt ibutes 1o mintengncy whavaliedility end (s included
IN'he pwmp train maintenance whAavaliadiliey,

"
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Turbine maintenance con range Jrom simpie adjvatmests to aajor
$isscsmmtly. A teview o Licenses Lvent Reperta from Janvary 1971 co
April 1970 reveslnd GR.y one reported falluce of & turbine in oo Avs
Tale fatlere was dee o o Cating vtead loat discovered Nring startup
aftar routine maintenanse had Been perfocmnd. Tarbine fallure is
{ncluded (n the seintenence antribution to wnavailadility of the turdine
dciven pucp train,

L+ Moter-operated velve (MOV,
V) control eireuit failures ooeur witn sodecats frequency. Mepairs
Yenecally consint of troudleshooting and defective Component replacemert
«OF tepair. In some cases, the Ossociated valve sy de placed 1n the
desiced position Pliof to commencing repalcrs on the eontrol clrouit., T™he
level contiol valves (twe) for “ach pump trein, asd the 90 APW (solation
valves (two per 5) were Considered for theic meistenance contribution to
Systen unaveliledility; nowever, their individual contribetion to
Raintenance “AAYALLABALIEY 18 less then 1V of the contridution of the
individual pusp traine to R intenance uwnave ' labilicy,

T™he AIY pusmp ootor hieaser and control eirevit requires periodic
Maintenance and repair. Sacavse the 4,180V Bisakers are Intecchargeadie
Between 4,100V cubicles, and spare Drosters ace available, malor Dreaner
Fepals Lo not In~luded In the Sairtenance unavallasility of the
Botordriven pusp traim. ALl other Control and hrester maintenance (s
includad .n the AavaLiMilicy of the sotor-deiven AN pump train,

£858. Plant historical records for Reintenance actions wers
availabie for this Malysing however, Becavee the plant 1s not ret
GPerating, this dets vas not wed In Getaruining the S intenance
wnavaliedility of the diffecont PRy traine, Inetesd fenaric salves from
WASN- 1400, the Resctor Selaty Study, ware uaed.

From WAge-1400, the trpectied [requency of PSP saintenance (s one
SET avery 4.5 aonthe. This Baintenance (o sssumed 1o inclvde the pusp,
the driver (tuteine or WOr) , end associgted control clem.avv, The
Reintenance duration ranged from & Fow ninuteos o seavera. days. The
plant technical specilications limit this maintenance ducation to
71 bours. ™e iogroraal meen maintensnce st Suration 1e 1P hours.

Based wpon the Preceding discusnion, Table 4 presents the
Mintenance naveliability contribut tons for AMW pusp traine,

.4 MMM LeTysacTion
GO0 Rumen Invecsction/Secoversnle Poilures

Por the purposes of s Malysie, due to the 1hart Period of tine
betwaen fallure of e AP to start o loas of the 148 dwe o dryout,
RO OPerator setion 1o recever the NWE van conaidered, THie conservation
Could oo olinirated (f ®0re felinitive caleulotions for vinimg of Arws
SLATting are nade.

0
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There ace some system failuces from which the operator could

fecover. The msoet aignit

icant of these 18 & turdine=~driven suxiliary

fosduator pump trip. The dominant comtridutor to tuebine~driven

tuxi!lary feedwater pumpe
turbine controls, primert
Startup. The operetor me
control of the turbine-dr
MOC opecate.

fallare to start on desand is & fallure of the
1y e to turbine Lrip on overspeed Curing
Y Sanually reset the overspeed teip, or taae
Aven APV pusp (f, ducing & demand, this pusp 414

¢4 mumen Brooc/Testing

During the sonthly ¢
I8 stationed at the full
Started, this operator th

Wil flow testing of the APW PuUSps, an operator
flow test Dypass valve. After the punp i»
fOtties open the full flow test valwe to achiove

fated pump flow and discharge Nead. Should .he APWS be actiated by &

PLlant transient, wis .

fator sust close the full flow test Yaive to

uxuuumnun«u‘m. ™e full flow teet (s sssumed to

Laat 13 minwtes por ot
to

A

.
sontch 0 miny

The operator error, falll
alter the oneet of an ont
WAavailability of & pusyp
).l m 10",

. sy Whavallability duwe to this test is wqual

- 1] - -4,
tes " 730 nOVER | 39 = 10

M o sct correctly 4 ing the firet § minutes
fomaly high strees situation is 0.9, The
Lrain on demand 0ue o this falluee 1»

4.3 Mumen Kicor o Common Cause

A common cauee haman
Srror can covur alfter e
SACh NP teet, the aunil

SEIOr haw Deen Ldentified for the WS, T
Py sonchly flew "eRting.  Resentially, after
lary plant operater suet close the full flow

Leet wilve. T™he ppe thenaeives are controlled from he main centrel

board, and Poaition indic
AL the main control boerd
ORe Dmp 1s tented and 4t
terted) common husan orre

ALion 1e avallenle for the full flow test valve
o If the pumpe are tosted sequentially (1.9,
the completion of this teat the other pump |
f Or combinetions of errors (o PoSaible. These

SEIors conalat of i the Suniliory plant operator failing to close the

full flow teet valve for

for the full flow teet s

the Tiree pusyp and failing w0 close the second
™ (close coupling 10 fohumed) ) and the main
Ling e notice the vaive Position Indication
Lvee on the sain fontrol board (also ¢loee

Conpled LT e firnt valve Position Indication (s sissed) . ™e cocovery

time for thie ®alluee 1
Preition being discovered

baned Lpon ‘he Srobability of the inproper valve
furing anity thamge vhan the oncom ing and

offgoim ope, stors “weln Sown® the main contrel boards from wmc-04]1,

Toble 11142, the poine vy

lve sntimate for thie potential husen srror |

Lo 10™ with on setinated error fouter of 10,

1Isaaneni n



Based upon discussions with the Pisat operatocs. the following
FeCoOvery Bistogram was comstructed.

»[0.78

s

:

k2

.

] 0.20

g 0.8

- s |
e 2 7 30

Cays

™e mean velue fiom tis Ristogras for Fecovery s 2.9) days and the
variante is 13.7 daye.

T™he prodadiiity Tor failuce on demand for this ~cemon Cause husen
SLror is then (1f one ssaumes that the ercor has cccurred)

-t —sngh
Sonth =l Pif) = 2.352 days » 30 days

Or = 8.4 = 10"% wieh & vactence of 6.7 x 10710,

‘3 cOwoR cavsy amapyyls

T™he sethed used to pocforn the common cause fallure analysis 13 based
On the gystes logic model. Gualitative faitluce Characteristics are
identified for eech basic event. A seaich is then perforned to identity
those combinstions of basic VANts that result (n system fallure and
Shate qualitative failure Charecteristics. Barriers between cosponents,
Both physical end sdministretive, ace tonaidered (n the analysis. The
tesuits of the common Chuse search ace groups of Cuténte identified by
~oamon failuze charactezistics and abeence of derriers.

G

There Lo an extreaely large accay of failuce causes that et be
considersd in & crepremensive Common couse failure snalysie. Tese
failure causes have Been qrouwped (nto two Saior categocries and these two
Categories have deen fucrther bdivided, Por esch subdivision g qeneric
Cauae of fallure Mo deen idontifind. T™he flcet Aivision {s nade on the
Basis of deriiers the: can Be arected to the cause of fallure 1n order to
Ptevent it from failing the eatire SY8L9. The Darriers that oxise are
of either procedural or Physical. e failure Causer; aleo called
qualitative failure characteristie of the basic esvene g¢
“eusceptibilities® ace Categorised vy criterion bases on barciers to the
fallure cause.



T™he susceptidility codes for the causes of failure comsidered in
this analysis are given in Table 5. Due to the limits of the avalladle
information, AssuRptions were made concerning mintenance actiors, test
Procedures, and menufactuters. T™hese 1inks are sssumed to be different
foc diffecont generic cCompon mts.

¢:5.1 e Pises Criterion

A gealicative failure characteristic, or o susceptibility, (s o
Common lina when Physical barciers cannot be erected to prevant the
Propegation of the failuces, and pProcedurcl barciers must then be
Jtectad. Typical common links used (n & common cause analysis age:

Ranufacturer
Test/Maintenance
Opecator

Notive Power
Instrusent Power
Installation
Calibration
Similar Parts

The common links of Moufacturer end similar Parts vere used in thiyg
analysia.

4.3.3 he Second Criterion

The coding of failure sensitivity to causes of failuce ace given foe
*ech generic component tyPe in Table 6. The finel informatiom that
Needs to 39 coded for the APMS common cause analysis is the physical
locacion of the besic Svents. Tabdle 7 (s the teference used (n location
delinition, The exRIbIC (dentifies he equipment locations used (n the

study. BRech foult tree Basic event was Sssigned o 1ty appropriate
location.

¢33 Results of Common Couse Analveis

All cutscts vith common Susceptidilities were found to be in the
Sale location, CLLV, the Sres of the auxiliary Bullding outside the APw
Pusp tooms. Moleture, orit, and i(mpect were found (n this locetion. The
humber and order (sumber of basic events in the cutset) for each of these
Causes of fatlure ere given in Tadle 0. Moieture was found to de o
COmROn suscoptidility for the four level control velves and for four
twomevent cutsets in the Pump suction lines (Conalsting of the pumrp
saction MOV and various Combinations of the Secvice vater Supply MmOV,
T™he destign of these valved protects the motor Operators from high
humidity and other siner sources of water. Plooding or Pipe rupture
Could, however, prevent thess valves from Operating when demanded. The
levei control selves are the moet susceptidle to s cause decause they
Sust move from their horsally closed position ¢ cmit AP flow to the
Steam generators. The Suction valves are only v ited to operate (a4 the
tvent of low pressuce at the PUSP suction and & coincident APWAS signal.



From wiGK-1400, the prodability of & pipe ruptuce 18 1 x 10°¢ per

FRactir year of operation. Sowever, tiis Fystem 18 called upon to
Operate (and therefors pressvrised) 16 times por year (six sctuations and
ten stirtup/ shutdowns). The IVerste run tise 1e about two houra. The
Fesuliing prodadility of feiluce is 4 x 1077 waich s significantly

less than the common cause Beman error identified in Bection 4.4 but vas
found to be & comeon Suacept bility for the same cutsets as moicture.
Motor operated velve Sesion protects the motor operators from the norms)
Sources of alrtoire giit or dust during plaat operation. Ducing
Saintecance pericds, the plant general saintenance procedures limit the
Sources G grit se o gencial bouseteeping practice. T™ia pPractice in
Joonjunction with the safaty systes testing taat occcurs prior to plant
Operation resulte ia a Llarge reduction in the probability of failure due
to grit because of malntanance. In sdiition, Decause failure due o 9eit
is not an instantanecus fallure, but (ather & slow degrodation in
Gpecration, sy commn 22 :se failures vill soet 1itely be detected and
Cocrected a8 & result of nocrmal testing end preventive maintenance.

Because of the above feascns, the probadbility of systes failure due
to the common cavse NACepLidility =~ grit = jg very such less than the
Common ceuse human erroc identified earlier in Section 4.4,

Izpact is identified as & common Cause Susceptibility for
51 three-event cutsets in the pus) suction P:Ping, 1€ three-event cutsets
in the pusp discharge piping, and 451 four-eveat cutsets in the purp
discharye piping. Thers is NG high energy piping in the immediate
vicinity of the PUBD suct on piping, thus elininacing pipe whip as an
ispact source. The onLy other possidble sources of impect in this ares
4ce due to extirnal Caudes such as explosion. Plant procedures lisit the
&mount and [ocation of explosive Rateriales (acetelyne, otc.) and thareby
torm an administcative bacrier to explosion as & cause 2 impace.

The puap discharyge Piping 15 & high MeLTY system when the AFW
System (s in cpecration and s the only high "Mergy system in the
vicinity. 1If one assumes that pipe cupture .eeds dicectly to pipe whip
(& conaervative Assusption considering Piping suppore Sesign), impact as
& source of common cause failure Can Be no moce severe than ®olstuce an a
Source which has Deen discussed ove. Therefore, the probability of
fatluce due to impect (e less than ¢ x 1077, which ie signiticantly
less than the common cause human ercor identified in Section 4.4,

Common Linke wete found in 178 cutsets, idantifying those cutsets ta
Common cause cendidates. Since these coaginents are tested tecularly
during surveillance tests and norsel opecrations, and are maintained
reqularly, they should heve shaken out most Sanvfacturer-related
Problema. Pucrthermore, the components ace lecated In diffecent aress of
the plant end are therefore subjected to different environsenty,




¢ EVENT ING ANALTIIS

Tise sequential bekavior, Loy systes dependencies, and reduced
System performence states can be Sofeled uaing event tree methods. The
event tree of Piguee # leys out such » mods) for the Midland Plant
&xiliacy feedwater eystes. Bere, the (nitiating ovent ie an suxiliary
foodwater sctuation Signal. Mest, the question of "900d® and *bed* stean
PeRerators is sddreased. we have defised o ded stean feneiatar to de ome
with & stoad Brear that has nOt Been 1solated. MASN=-1400 given the
failuce rate a8 ) x 1074 Por year for pipes. Purther containment and
Staas gencratos snalyses could load o0 & revised delfinition,

Bext 1s the tree come the questions concerning the availsbility of
Slactric power. Withoue OC power, the entire FYStem must fail, Wwithout
AC power, the tardine~dr iven PSS trels say st opsrate.

The sext tiree events Sefine succesaful start of the ARNE. %Neving
trein starts, tusbine featarta after turdine trip, end motor tretns
STarts. Prededilicies of succesaful starting will be derived from
decompositions of the System fault tree. Without Succese in et lesst one
SEAITt path, the systos faile on demend. Wher. some elcctrie power Ls
Available we must now sei if the POLC systen Opsrates. For cases wity
Single Dad stean feneretor, POCS syuat "eep surxillary feodwater isclated
from that steam fonerator and must Porsit flow to & good stese
fencrator, Leching @ final rocg Syetem design, we have dsigned o
Fessonable umaveilabtility of 10~4 Pet dosand per train bSased o nigh
Suality sctustion FYSEtems in WASE-1400, Given *hat the syetes has
Started, we next aga if the failece In tha lowel contcol sysien leads to
Owercooling In sither stees Senerator. Agein lace ing campliete lewl
control system inforsetion, we heve G0siqned Prodedility of failure of
10°% per desand. Finally, given & succosatyl Start, we aat if tne
Fystes continees to rum Successfully tor § howrs.

Sevan final SYSTe8 states have Deen fdentified on the tree. States
ftands for crmplete Suceess. The systes Sterts svocenefully, does ot
avercool, and continues to ftun foc 8 “ours, State~rl is (nmediete
fallure) the SYsten oee not start on domand. State-P3 ;1 Initiail

Overtooling. Btate-r) ia Overcooling in ane stees FeNeIetor) the systee
SEArte and comtinwes to run succeesfully Dut leve) control sallanction
lesds o Overcon.ling L(n one stees fonerator. State-rd 4o sarly
Overcocling (n one stesa Jerator) the system terte Succesefully dut
falles to run for 8 Moure and level sortrol Mifunction leads to
overcooling (n one stess §enerator. feate-rY g over-coolirg 1n boxh
Stesd qenerators; the System stacts Seccesstully and continges @ run for
¥ hours dut Overcools beth sress tenecatore, and Stare-ry ls oOweiconling
in Both atesn fonerators and failure te tun for § hours; the fystem
succesafully starts byt faile 2o ren for @ Muie and level cont ol

M ifunctions lesd to Overcooling In bOth stess fonerators,
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TAMLE 7. PEYSICAL BARRIZA IRFORATION

Squipsent Locetions Csed in the Nidland AW System Aralysis

Ri3A

R3S « lseide resctor building.
R40C

PI80 - sumilacy Sullding pipe chase.

susilary milding outaide AP PuRP rocRs .

1

* suailary building motor driven Ppusyp roes.
TMAA - susilary ilding tusdine driven Py room.
* amtarior of dulldinge.

* GLEIVAL awitermear rooe A,

* SKVAL wwitc™gesr room 4.

" ABOVAL eviterges: room 8.

= 1JIwe Battery room A, Panel 311
129w Sattery 1oam 8, Pesrel 1031,

* MeTviCE wetler pusy roce A,
" BOIVICEe weter pump (oom B,

-~ 5P setvation - ANYAS cranng, A,
- B3F swcruation - AFWAS crarneg) §.
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3. _Esuirs

The results presented in this section show that in the mergency
sode the Midland Plast AFWS ig very relisdle. Redondancy, separation,
and avaliability duzing testing are Hplied in combinations that mede the
SYStes quite sound. The results Presented here follow from the detailed
fault trees, the dats, and the analyais descrided ia Section 4. They ace
based on failure of the suxiliary feeduater system %o del{ver sufficient
flow jwmedistely upoe demand to ot least e 5G; therefore, human
iatecvention to recover from Some system fallutes is mot considered. 1If

. further asalyses of the B3i¥ noclear plant demonatrate that a tisme vindow
exists during which sctuation of the suxiliary feedwater system can
Provide asdequate core cooling, then the affacts of operator latervention
tO restore system function should {mprove the systea celiadility. Bech
considecations will require tevieving emecgIncy proceduces to deternine
the likelibood of successful operator sctiom.

5.1 FESULTS oF svsvew amaLvsis

The tesults for all three initiating event cases froe NURC-061] are
9iven in Tadles 1, 2, and ) shown earlier. In Table 1, the peint values
based on NUREG-0611 daca ace tabulated along with seans and variances
based on plant-specific data for the double Crossover design. In
Tadble 2, means and variances based on plant-specific data ace provided
for the doudble Crossover and the base case designs. In Table ), Beans
and variances based oo Plant-specific data are Provided for the doubdle
Crossover and the three pump designs,

Test and saintenance in combination with tandom systes failures ace
the dominant contributers to unavailabilicy, They are followed by random
failuces alone, human error, and common humen ¢rror in isportasce. Por
the three pump design and in all cases gives 2 loss of all AC power,
random {ndependent failuces ace the dominant contributors. T™he dominsnt

either the pusps themselves, their Prise mowers -~ moturs or turdines,
and the power SUpPly to the motor-drivee Puspe. Dominant humae errocs
8re associated with faflure of the cperator to close the full flow
tecirculation tes: valve either during a test when the system (s demanded
to functicn, or following a test in which the valve is lef: in the vrong
position. Tables 9 through 20 describe the dominant contributions to

conditional unavallability for esch of the four situations described in
m‘“ 10 zo ‘M ’t

The dominant contributors ivc the double Crossover design systes
Wing NRC data are 9iven in Tables 9, 10, and Ll for the three cages of
WUREC-0611. 1In esch Case, maintenance on the turbine~dt iven eusiliary
feedvater PuSp combined with random fatllures in the moto: PuRp train (s
the dominant contributor. Por the loss of 8ain feedvater case,
Saintenance on the sotor-driven tuxiliary feedwater Pump combined with
random failures in the turdine train rams second. In the other twn

13900230811 »



Cases, this failure mode ia not as lmportant because of the teduced
aveiladbility of AC electrical pover. Dext in all cases is4 tardine or
turdine contzol failure coupled with failure of the Sotor~deiven pusp
Sotor. Using plant-specific data foc the double crossover wyetem,
Tables 12, 13, and 14 show the same dominant contributors appeer with
Some changes in ordecing.

Dominant contributors for the L3¢ Case design using plant-specific
data ace presented in Tables 15, 16, and 17. These cesults are very
Sisiler to the doudle crossover Case waing plant-specific data both in
the rank order of the individual contributors and in the quamtification.

.Tables 18, 19, and 20 present the dominant contributors for the three
Pump desige vaing plant-specific data. The overall results of this
design ace not as 900d 48 for the doudble crossover or base case designs.
Although there are theee PUSpS. succtess requires either the turdine pump
Operating or bot2 30V motor PEps cperating. The leeding comtribdutor for
the cases vhen AC power Bay be availadle ts maintenance of the
turbinedriven Suxiliary feedwater pusp comdised with condom ‘ailaces In
the motor-driven pump traine. Nowever, the large sumder of faicly J
isportant contridutoss &ue to random failures throughout the systes leads
to the overall effect that Combined random failures provide the dominrant
Contribution to system unavailanility. Such randae failures include
failuce of tre turdine or turdbine controls combined with sinmgle motor
PuUSp train level control valve talling, failure of the turdine=drciven
Pusp combined with failuce of Power to either electrically driven pump,
turdine or turbine control fatlure and a Single pressure control velve in
& motordriven pump train failing, and tallure of the turbine~driven pusp
Combined with failute of o Sotor-operated valve in oither BOROe~dr (ven
Puap train. This design suffers from the fact that Succens, Jiven 3
falluce in a turbine PUSD train, requites that two Complete trains of
SOtor-driven puspe Cpercate.

The selected design, the dousle Crossover system, has very low
unavailability. Bevertheless, it is instructive 2o 1ige posaible system
sodifications that have potential o fucther o ice that unaweilsbiliey,
To isprove wnavalladility, the modifications sust sttach dominant
contridbutors of Tadbles ¢ through 14. Por exsmple, consider the following
domingnt contributors end the Possidble modifications that might address
thes.

Kl Maintenance of the turbine=dr (ven Suxiliary feed pump and
System failure on demand vithout this Pump -= reduce the
frequency of PUSP maintenance by Cerefully elisinating any
Ronessential aaintenance, consolidating Saintenance, etc., and
reduce the duration of PUSP maintenance outages through
additional Preplanning, training, etc.

= Raintenance of the 80t0r~dr i ven Guxiliary feedwater pump and
tandom fallures (n the turbine-driven pusp train — seme as foe
turbine maintenance.

le
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@ Trdise oc turdine controls fail combined with random falluces
in the motor-drives PR trais ~ modificscions to isprove
teliadbility of turdine controls, perbaps provisions for
Prebesting vontrol fluid end Positive ldentification that the
turbine trip 1s ceset.

. Bumar orrore aseccisted with the full recirculation flow vaive
Nring and following pump test - carefully written test
POCeduren to eseure the velves are reclosed, staggered testing
o avoid sequential Bighly cowpled Mumen fuilures, sutomatic
closing of these test valves whes 4n APWAS (s Dresent.

These contridutors sce responsible for appronimately 808 of the
total unavalladility of the Saxiliary feedwater systes. Thue,
isprovesents couid have o Substantial effect on the overall
Unavalladility. Bowever, o word of wacrning la appropriate. It g
POsaible that some of these Changes could create more prodlems than they
solve. Por example, o tedesigned tusbise comtrol system Bight not
Perfors Detter than the ome already installed. Also, for any of these
ptions aimed st the single cause of failurce, sccomplishment of sny one
ormously decresses the velue of those ramaining, Pinally, the systes
I8 already very reliadle and "G serious deficiencies bave Deen
identif1ed, Any changes considecred hould only be uade after a carefyl
evaluation of all coets and benefity including the chance that a change
ided st lapioving reliadility could actually degrede 1it.

$.2 RESULTS OF rawr mrr ANALYSIS

The event tree enslysin deecrided ia Section ¢ has deen petformed
for the dowdle Crossover systes (see Pigure 9. & decomposition of tre
double crossover SYSte® svent tree and time dependent relisbility
Calculations have deen sged to quantify the system event tiee.
Piodabilities Bave Deen calculsted for sach sequence In Tigqure 9. we
Rave summarised tioge calculations (n the following drief tadle.

Relative
7 equency
System Sctane Pollowing
Demanyg
L. Immediate failure ¢ x 10"
¢. Initial cooling, long-tecs 110
failure
3. Succesalyl operacion but 2x 104
Overcooling in at iesst
one G
4. Inttial overcooling and 2x 10°?

long-ters failure

?
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State 3, owsccoolisg, My DOt be & sericus comtridutor to peblic rien,
Recent calculations show that Retucal circulation coolisg can be
effective even with two Phase conditicns in the Peimary as long as the
Core remaine covered. Overcooling canmot abrink the ptimary camlant
SacUgh to uncover the core. States 2 and 4 ~ (aitial cooling but
long-term fallure — are much less serious than State | ~ immed{ate
failure. They have removed initial decay heat, permitied some ool down ,
and have allowed power to decay. Mech more time s aveilable for
fecovery.

T™e event tree developed in this Study can provide & besis for
JI0vined analyses (a the fature. As more detalls on POGC and the leve!
control systes becoss aveiladle. they can be easily incloded. Also,

additional thinking on good and dad 3Gs can be incorporated.

1vas100 /1 1



TABLE 9. oOmImANT CONTRIBUTCAS O CONDITIONAL CRAVAILALLLITY
LOSS OF MAIN FEZDWATZR

Double Crossower (MRC Data)

. Rana Event Descripeiom Unavailadility

1 Maintenance of urdbine=driven APW® an systes 3.5 » 109
failure on demand without this pump.

2 Raintensace of motor—drives AP and systes 3.4 x 1078
falluce on demend without this pump,

] Tusdine or turdine comtrols fail and POSA 1.6 x 10°%
Botor fails to stare.

B Common cause—humen ercor——full flow test 8.4 3 106
valves open after test.

< Turbine or tusbine controls fail and POSA .0 u 106
fatle to delivar sufficient water.

. POSE fails to deliver sufficiest water and 4.0 x 1076
POIA sotor fails to Stace,

’ POI3 test vaive (s open and POSA motor fails 3.0 » 10~¢
Lo stase,

' Tucbine oc turbine comtrols fail and Pota 3.0 x 10°¢
test valve is open.

% POSE in teet (operator ecror) end systea 1.9 = 1076
fallure on demand without this PuRp .

10 POSA in test (operator erroe) and system 1.9 x 10°¢

failuce on demand vithout this Panp .

)2
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TARLE 10. DOMISANT CONTRINUTORS YO CONDITIONAL UMAVAILABILITY
LOSS OF m:n mmmnwwmml

Doubls Crossover (MnC Data)

Rank Event Descrijtion Onavailability
1 Raintenance of turbine-driven APWP and systes 3.5 3 104
fallure on Gemand without this pusp.
2 Tuzbine or turbine controls fail and 4,160V 1.5 2 10°¢
Sus LAOS fails to sepply power.
3 POSE fails to deliver sufficient water and 3.7 3 103
4,160V bus LADS falls to supply power.
‘. Raintenance of motor-driven AIWP and systea 3.4 3 10"8
failure on demand vithout this pump.
5 POSB test valve open and 4,160V bus 1A0S 1.0 3 1078
fails to S.pply power.
6 Turdine or turbine controls fall and POSA 1.6 z 10°%
m0tce fails to stace.
? POSB {n test (operator error) and system 1.3 » 10°8
failure on demand vithout this pusp.
€ Common cause—numen error~—=full flow test 6.4 5206
valves open after test,
’ TicSine or turdine controls fall and POSA 4.0 3 )0°8
fails to deliver sutficient water.
19 PO3 fails to supply sufficient vater and 4.0 x 1076
POiA motor fails to stare,
1 POSA in test (operator error) and systes 1.0 2 106

falluce on desand without thig Pusp.

40
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TASLE 11. ODOMINANT CONTRIBUTORS 70 CONDITIONAL ONAVAILASILITY
LOSS OF ALL AC

Double Crossover (NRC Data)

Rans Eveat Description Onaveilability
1 Reintencace of tutbise=dciven APWY. $.9 x 1073
2 Turd/~e or turbine controls fail. 4.9 x 107
3 POSE fails to deliver sufficient water. 1.0 » 1073
5 POSA (o tesc (Operator error). 3.1 = 10°¢
s POSE test walve open. 1.0 x 104
. PO3SS suctiom valwe transfers closed. 1.0 x 10°¢
? Valve MO312¢ transfers closed. 1.0 » 12°¢
[} Suction hesber cross-connect valve MOS68D 1.0 » 104

transfers closed.

9 Valve MCI8%¢ transfers closed. 1.0 x 104
10 CST isclation valve 0)7 tranafers cic Jad, 1.0 x 10°¢
11 CST outlet chect valve 024 fails clonad. 1.0 x 10"
12 Common cause--humen ecroc~1full flow test 8.4 x 1076

valves open after test.

I
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TARLE 12. DORINANTY CONTRINOTORS TO COMDITIONAL UNAVAILABILITY
LOSS OF WALS PEZDMATZR
Dowdle Crossower (Plant-Specific Data)

Rana Event Desc:ipeion Unaveilodilicy
1 Maintensnce of sotor=driven AFYP and systes $.) x 10"
failure on demend vithout this pump.
] Turbine oc turbine controls fail and POSA 3.3 x 18°9
fails to deliver sufficient water.
) Raintenance of turbine=driven APWP and systes 2.4 x 10°9
fatlure on demend without this pusp.
‘. POSS fails to deliver sufficient water P 1.9 x 10°%
failes w0 deliver sufficient water.
s Common cavse—tuman o¢ror-~fu]] flow test 0.4 x 1078
valves open after test.
- Tursine or turdine controls fail end POSA $.0 x 10°6
®otor falle to stare.
1 POSA Lo test (operator error) and system .9 x 1076
failure on demend without this Pump .
“ Turdine or turdine controls fail and POt 3.9 n 10"¢
SOtor bresker does not close.
’ POSB fails to deliver sutficien. vater and .6 » 1074
POSA motor fails Lo stare
10 POSE fails to deliver sufficient water and N Tl
POSA motor Steater does not close.
11 Turbine or turdine controle fai} and ASWP 1.9 2 12%¢
celay K111 (vow) fails open.
12 POSS in test (opecator erroc) and system .o n 154

fallure on demend without this punp

Q
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TAMLE 1), DOMINAST CONTRISCTONS T CIDITIONAL DMAVAILASILITY
wneruummuwmamum

Bouble Crossower (Plant-8peciiic Cata)

Rana Bvent Description Onaveiladility

1 Turbine ar turbine comtrols fail and 4,160V 3.9 x 10°¢
bus 1A0S fails to Wupply power.

2 Maintenance of turdine-diiven AMND snd systee 2.4 g Jo~4
falluce on demend vithout this pusyp.

3 P38 falle to deliver sufficient weter and 1.0 2 104
€.160V bus LAOY falls to Supply power.

‘ Meintenance of SOtor-driven AP and systes 9.3 n 10°8
failuce on deaend vithout this paag.

s Tuebine or turtine cortrole fail and POSA 3. & 10°%
foils to deliver sefficient wate:,

‘ PC3B In test (operetor error) and systes 1.3 = 10°9
failure on demend without this pump.

? Conmon couss--buman orroc~—fyull flow test 0.4 x J0¢
Yeives open after tese.

' PCIA In test (coecator eetor) and systom €9 2 20

failute on demand without this pump.

160780)3001/1 "



TAMLE 14, DOMImANT CONTRISUTORS 1O COMDITIONAL CWAVA ILABILITY
LO8s COF ALl &C
Boudle Crossover (Plast-Specific Dats)

lane Event Dewcriptios Onavailadility
1 Turdine or tucdine controls fail. 1.1 2 192
] Raintenance of turbine~driven APWY. 5.9 5 1073
3 POSS fails o deliver sufficient water. .73 10°)
‘. POIS In test (operator seror). 3.1 2104
s Common cause—human ocror==full flow teet 8.4 3108

Teives open ifter test.

44
140780130011



TAMLE 18, [Le BE TV 3 CONTRINUTORS O CONDITIONAL OMAVAILADILITY
O3S OF maln PERDMA TR R
Base Cime (Plant-Specific Deta)

Rana Eveat Deecription Onavetlediliey
i Raintensnce of metordsiven AN and systen 9.4 2 1079
fellece on demand withowt this pmp.
2 POMA fails to deliver sufficient werer e 3.3 = 1079
tar*ine or turbine eontrels fail.
) Reistensace of tasdine=—d:iven AP and systee 2.4 » 0°9
failure on demand vithout thie pump.
‘ POSA fails to deliver sufficiont water snd 1.9 u10°8
7033 tails to deliver sulficiont water.
] Common cavie~~humen otroe—=ty]] tlow test 0.4 x 10-¢
valves opes after test,
$ PO motor fails to stert ond teibine or 5.0 5 j0-¢
furbine comtiole feil.
? POSA 1n teet (operetor error) sed systea 5.0 » Jo~¢
failure on demsnd Vithowt ihis pamp.
. PO%A motor brester does Mot ¢!oee ond turbine 3.3 4 1o
OF twibine controls a1,
’ POSA motor fails e stare ond Pess tails o 1.6 u 1o~¢
Seliver sufficiont water.,
10 PO3A motor Bresrer dows mot olcee ad POYS 1.6 u 136
foile to doliver miliciont water,
i AFWS reley R1101 (P08 faila open and 1.9 n 1e~¢
turbine or turnine contzols fall.
12 PS8 in test (opacator errer) and oystia 1.4 g 178

failare on demend without this pump.

o
1497683300,



TARLE 16. DOWImANT CONTRIUTORS O CONDITIONAL GRAVAILABILITY
mummmmmmummm
Mse Case (Plant-8pecific Data)

Rara Bveat Description Onavelilanility

1 Turbise or tardine controls fall end 4,180V 3.9 & Jot
e LMS faile to spply pewec.

2 Mistenence of tarbine~d:iven AMD cnd oystes 2.4 x 194
fatlure on demond vithout this pump.

) POSS fails te deliver sufficient water and 1.7 » Jo~¢
4,160V due LMY faile to supply power.

i Raintesance of motor~deiven APWP ond system .4 2 109
fatlure on demand wir® it thils Py .

H TNIdime or turbine ontrols fall and P00 3.) = 10~
faile 10 Seliver & ftictent water.

f POS8 faile to Sell et eufliciemt vater and 1.4 w 109
POSA faile te delt of sulticiuny water,

' POSE (s teet (operitor ecror) end tysten 1.3 » 199
falivic on demand ‘Ithout thig P

(] Common ceuse—nuaon desor==fyll Ctiow test .4 x J0-¢
Yalves open after tas:

’ FOSA is teet ioperate wrier, oo tysten 8.9 2 1078

falluee om Semend vithw - Ppum,

ieMmanenn



TAALR 17, DOmImAmY CONTRISUTONS TO COMDITIONAL CRAVAILABILITY
O8s oF ALL
Bese Case (Plant-Spweific Data)

s Svwee Dvucription Unsveilanilicy
1 Teibine or turdine cestrels fail. 1.1 =103
] Ralstensace of turbise=dsiven AN, 5.9 g 10°)
3 POSE falls to deliver sufficient vater. 7 510}
5 P38 (a teet (operator ercoe). 3.1 a lo~¢
H Commme cosse—tumme ecror—rfall flow test 8.4 52078

valves wpen after toet.

b ]
140702 308.1 .



LOCS OF mAIN PRZDMAYER

™eee Puay (Plaat-Specific Dats:

TARLE 15. OOMINANT CONTRIBOTOR: T COMDITIONAL CRAVRILASILITY

R re Bveat Doacription Omavailanilicy

1 Raistesance of tarbine=driven 20WP and ayscos 2.9 x 10-¢
fallose on demund without thie pusp .

2 Tuibine o¢ tu:bine controls fall and LVISTSSL 1.9 = 1o~
Cimmalors closed (cvatiols).

3 Relatonence on sotoc~dsiven VP (POSA) sad 9.0 x 2078
syetom fallare o vamend vithout this pusp .

. Ralstomence om mte:driven AP (20SC) ond N T
Syetem falilue on denand without tals pump.

s POSS faile to dalivor sufficiont water and 0“9 x 139
LVIT3A) tramafeen closed {comntrole) ,

t Turdine or webine cuntrole foil and LVISTAL 8.5 s 19
trnalors closed (contzols).

? Turdine o taekine comtrols fail and pressure $.0 n 139
Contrcl vales 0190 faills closed.

B TeIDine o tarbine Cantrol feil end prorssuce 5.0 2 1Y
Soetrs’ valw ¢l10k fatle closad,

- Tuehine or taring comteoln fail and WO)E'0S 3.7 u 13°Y
Sotes aperates faila.

10 Teding o tervioe controla fail and N020%%a 3.7 & 10°Y
otor opecater lails,

i3 Trdine o¢ terdine controls fail end posc 3.3 » 107"
fa1ls o delires sefficiont water.

12 Tursine or tarbine controle fail and Po%a IB IR &
falle to del ver svlfiotlont waror.

13 FO3B falis te deliver sutficient weter and .6 2 107
LVIOTSAL trasefecs closed (comtiela).

14 PO38 falls te Seliver sufficiont weter and 1.6 0 107!
Pisstuie cortrol walve 0208 foile cloeed.

13 POSS falis te deliver sufficiont wates and 1.6 & 1079
Peossuse control velwe 0204 foils Closed,

) PSS faila to deliver sufficiont water and 1.7 ¢ 10"
MOJETO8 mtor operates fails.

1 POSE falls to daliver suflictent water snd 1.7 ¢ 30
ROJET0A motor opereatar faille,

i POI3 I teat (operatoc erene) and syetes 1.6 o 1078
fallere on demand vithewt this Py

i PSS fails to doliver wificlont vate:r aned 1.9 » 30"

PO falle to deliver salliciont worer.

taa%assans »




TARLE 18. DOMINANT CCW"RIpUTORS 10 CORDITIONAL UNAVAILASILITY
(continued)
LOSS OF MAIN FERXDWATEZ
T™hree Pusp (Plant-8 ecific Dats)

Rans EBvest Description Onavailadilicy

20 POSB fails to deliver sufficient weter and 1.9 2 10°%
PISA falls to deilver suff cient water,

£ Common cause—humen efroc==full flow test 0.4 x 107
valves oper after teet.

b} Turdine or turdine controls fail and level 6.1 = 10°¢
Sontrol valve LVIITSAL fails closed.

2 Turdine or turdine controls fail and POSC 5.0 x 10~¢
motor fatle to stace.

T Turdine or turbine controls fall aad POSA 5.8 x 10°¢
motor fails to etart.

a3 POSA In test (operator erroc) and system $.) x 10°¢
fallure on demend without thig Py .

24 POSC in test (operator erroc) asd svetem $.3 x 10”4

fallure on desand without tais Pusp .

14070130811 ”



TAALE 19. DORIRANT CONTRINCTORS TO CONDITICHAL UMAVAILABILITY

mcrnxnmnamwmovanx‘im

™ree Puup Plant-Specific Data)

Zank Bvent Description Onavailadbilicy
i Raivtenance of curdine—driven APWP and systema 7.2 x 10~
fallerw cn demend oithout this pusp.
3 Turdise ot tusdine contrels fail and 4,160V 3.9 x 10
bus LACY fails to ®pply power,
3 Turbine or turbine contrels fail and 4,160V 3.9 x 10
bus LAO6 fails to wyply powar,
4 POSS Iails to deliver sufficient water and 1.7 = 1074
€, 1647 Dus LADY fails to supply povar.,
S FOSE “ails to deliver sufficient water and 1.7 = 10.,
4,163V bus LAOE fails to supply power,
¢ Turbise or turbine controls fail and LVIS7S8A 1.9 = 10°¢
transfers closed.
? Raintenanc: on motcc~driven APWP (POSA) and 9.8 x 107°
Sfystes {ailare on demgnd vithout thie pusp.
[} Reintenance on motor-deiven APWP (PCSC' and 9.0 x 10~%
fystes failire on denand vithout this pump.
B PO3A falle to deliwer sufficient vater and 6.9 x 0%
LVIST8! cianafers closed.
10 Turdine or turbine controls fail and LVIEISAL 5.9 x 2078
transiere closed.
11 Turbise or turtine soncrols fail and pressure 3.8 x 10~5
control valw 0208 falls closed
12 Turbise or tucdine controls fail and pressure 5.8 x 1079
osnirel valwe 0204 {ails closed.
1) POSB is test ‘opecator ercor) and systes 3.0 2 1979
fallure on demand vithout this puap.
4 Turbise or turdine controls fail ané MOJE708 1.% = 1073
Sotor operator falls (and eonieais),
18 Turblse or turbine conttols fuil end MO8 .7 v 10~%
Wtor cperator fails (and controls; .,
16 Turbice of turdine comtrols fail and ) * .1 x 108
fails w0 deliver sufficiert water,
17 TNEbine or turbine controls €uil end POSA 3.9 x 1073
fails to deliver sufficient water.
10 POSE Zolls to doliver sufticie~t vater and 2.6 1 108
LVIBTSAL trasefers clovad.
19 POSR f2tle to deliver suflicient vater and 3.6 x 1079

Presssie control valw 0208 faile closed.

14R90A 001 A A



TARLE 19. DOMINANT CONTRINUTOR: TO CONDITIONAL UNAVAILABILITY
(coatinued)

Theee Pusp (Plant-Specific Data)

mwmlmmummwmxnmn

Event Description

Onavailability

a2
2]
a4
as

246

POSB fails to deliwer sufficient water and
Pressuce control vaive 0204 fails closed.
P58 falle to delive: sufficient water and
ROJ8708 operator fails (and controls).
P53 fails to deliver safficient water
MO3IS7CA operator fails (and eontrols).
PSS f2:13 tc deliver safficient water and
POSC falls to delver sufficient water.
Common cause——buman erroc==fgll flow test
valves open after test.

PCSA in test (cperator etrog)
fatlure on demand withoyt
PSSC in test (operator err
failure on demend withoyt

and systes

this pusp.
or; and svates

this pumsp.

2.6 z 1078
1.7 = 10°%
1.7 = 16"3
1.5 = 1078
8.4 x 1076
5.2 x 10~¢

5.2 x 10=¢




TARLE 29. DOMINANT CONTRISUTORS TO CONDITIONAL CNAVAILABILITY
LOSS OF ALL AC
™ree Pump (Plant-Specific Deta)

Rank Bvent Description Unavedlabilicy
&

1 Turdine or turdine controls fail. 1.1 x 102
2 Meintenance of turbine-driven AFNSP. 5.8 x 103
3 POSE fails to deliver sufficient weter. 4.7 x 10°)
3 POSE in test (operator error). 2.1 x 1074
s POSS discharge valve transfers closed. 2.9 = 10~
B LVINT582 transfers closed (controls) and 2.2 x 10%¢

LVINTSA2 trenefers closed (contzols).
? LVIST3AS transfers closed (contcols) and 2.1 » 1074

NO3A708 fails closed.
’ LV137582 tranafers closed (controls) and 2.1 x 104

MOIS70A falls closed.
% Common cause—-buaan error=—full flow test 8.4 x 106 g

valves open after test.

t

1407A0330017
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Petd el TR Tty o en sow Systow flow treia that Mas
e r et o service e v fosm pecrodic testing o«
Ssintenamm e 22 TCilows:
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FoiwEs ars puiswily aligned ot 8 secont
freretar o Jwlepestertly verifly that thne
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1043 Compas | som ﬁ nf_mw AUXILIARY FEEDWATER SYSTEM DESIC

x [T[ {continued)

_Recommendat ion

N_WITH THE RECOMMENDAT | ON

—Response

{2) The licensee shouid propose Technical
Specifications to assure that, prior to plant
Startup following an extended cold shutdown, &
flow test would be performed to verify the
noimal flow path fium the ps imary AFW systiem
waler souice Lo the steam generstors. The flow
test should be conducted with Arw system
valves in their nosrmal alignment.

mu:l:::u&ﬁd =~ The licenses should verify thet See Lhe response Lo Recommendation GL-l.

rf AFW system sicnals and associated
Circuilry are safety-qiade. If this cannok be verified,
the arw .rt.. Sulumatic Inltiation aystes shuuld be
sodified in the shostl-term to seetl the functional
fequi ements listed below. For the longer-term, the
Suios:tic initiation signales and circuits should be
upsraied to meet uutyTo‘o reguiremants. as
indiceted in Recomsendation GL-5.

(i) The design should provide for the automsaetic
initiation of the AFw system flow.

(2) 7TIne automatic initiation signale and circuits
should be designed so that & single failure
will not gesult in the loss of AFW systea
function.

(1) Testability of the initiat:on signals and
Clirwita shall be o foature of the design.

{4) The initistion signale and circuits should be
powered from the emergency buses.

(%7 Manual capsdility to initiate the AFw systam
from the control room should be retained and
should be implemented so that » single failure
in the manual circuits will not result in the
loes of system function.

(8) The & motor-diiven pumps and valves in the

AFW system should be included 1n the automatic
actustion (smisultaneous and, or seguential) of

10A-8

See Subsection 16.3/4.7.1.2.

Revision
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AUNILIARY FEEOMATER _SYSTER DESIGN wiTH THE BECOMMENCATION

10A.)
SN B L D

S —— Re bamendat ion

the loeads to the SRcigency buses.

(7) The automatic ifitiation signals and circuits

Shall be designed so that thess fortluie wil)
net resuit in the lues of sanual ceapability to
ifnitiate the AFVW system from the control soom.

gg_o-_-_.‘_.g_oa_m;o -~ The licenses should instell
Sysies to autusalically initiete APw aystes flow. This
System need not be safety-gieade. however. in Lhe
Sort-term. it should seet the Criteria liste! Delow,
YRACh are similer to Ites 2.1.7.a of WUREGC-0%78

For the longer-term. the Automatic initiation signals
and ciscuitls should De uwpgreded Lo meet safety-grade
Ffequiresents. as indicated in Recommendation CL-1.

(1) The design should provide for the autometic
Initiation i the APV systes flow.

(2} The sutomatic initistiocs signales and clircuits

should be designed so that single feilure
will not resvitl in the loes of Afw sysiem

function.

(3) Testability of the initisting signals ang
Clicuits should be a festure of the design.

(4) The initiating signale snd circuits should be
Ppowered fTrom the emergeancy buses.

(5) Menual cepability to initiete the AFw systes
from the control room should be fetaiwed and
shouid 1mplemented so that a single failure in
the msanuel circuits will not result in the
loss of systes fuwtion

(&) The oc sotor-driven pumps and valves in the
APV systes should be included 1n the autometic

actuation (sisultaneous and /or seguential) of
the lvads 10 the emergency buses

(7) The automatic initiatieon signals and circuite

See the tespunse to Recommendat ion GL~-1 .

10a-3%
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10A. ) ?MISG OF THE mI1DLAND AUXILIARY mm._sgsm,u:s]ra VITH THE RECTEDEENDAT | O

OF WUREC-08TT, APPOMGIS 111 [ cort Lncg)

—— -

Recommendation

should be designed so that their feilure will
ROt reswit in the loss of manuasl Capability to
iNitiate the AFw Systes from the contiol fooe

104 3 2 Additional Short-Terw Reccamendst ione .

Becommendat ion 81 - The licensee should provide
redundant imT Adication and low level slarms in the

fontrol soom f(or the APW System prisary water supply.
to sllow the operetor to anticipate the need to sake up
water or transfer to an Alternate water supply and
Prevent & low pusp suction Pisasure condition fiom
OCCuiring. The low level alars setpoint should allow at
iesst 20 sinutes for OPeIAtor action. sssusing that the

largest capacity APV punp 1s opeiating

Secommendation 82 - The licenses should perfore o

T hour enduience test on oi) Arw sysisms pumpe. if such
& test or continuous period of Cperation has not been
accomglished to date Following the 72 heus Prsmg  §wn,
-nmomnaumtmmculummmu
fen’arted and run for one hour Test acceptance
Criteria showld include demonstrating that the oAy »
fFmaIn withanm deeign lisits with respeact to

bearing. bearing o1l teoperatuies and vibretion and that
Pump room ambient conditions (Ltamperature, bhusidity) do
ol esceed envisonmental gualificetion limits for

safety-reiated SQuipment in the room

Rec tion 83 - The licensee should iaplesent the
folio-u.' fequirements as apecified by Ites 2.1 7.0 on
Peage A-32 of BUREC-0%78

(1) Safety-grede indication of AFv flow to each
Stlean gene 2t01 should be provided in the
control room

{2) The AFW flow i1natrusent channels shoul!d be
poweied from the SRS igency Duses consistant
wilh setanfying the emergency power duiversaty
fequiremernts (or the AFW system set fosrth in
Avsiliary Systems Brench Technical Position

ioA-30

A Gesciiption of the condensate Storege tank, its
Opeiation. and the instrusentation Piovided for it cen
be found in subsection 9.2.6 2

A 72 hour endurence test of the AFw Ppunps will be
conducted during the initial testing progras.

Safety grade flow indicetion of the APV (low to sach
O -through steam generstor (OTIG) sa provided at
Ridland 1n accordance with WUREC-0578, Recommendation
2 1 7 b Nedundancy ie ‘con“ through safety giade
level indicetion of eech OTsG

Revision )0
lo/00
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11 (continued)

Recommendation i

i x Ty mILIARY PECUNATER SYSTER LESICH WiTW TWE SECCRMEMDATIOW

. Besponse

10-1 of the Stondard Review Plan.
Section 10 4. 9.

l-g%!n_gt 96 84 - Licensees with plents which reguire
Tocal sanual tealigment of vaives to conduct petiodic
teals on one AFW system train and which heve oniy oo
FORAIRIng AFW trein eveilabie Tor operetion shoule
Propose Technical Specifications to prov.de thet
dedicated individual who i1s N Communication with the

I8A 3.3 Long-Ters Recommendat ions

Be o O on sl - For plants with & manvel starting
AN systen. icenses should install & sysiens to
Sutomaticelly mitiate the AFW System flow. This system
and sssocieted sutomet:c imitiation Signais showuld be
Sesigwd and inetalled te seet salety-giade
foguiremants Ranvel AV system stert ond comtrol
Capgability shouid be retained with Sanval start serving

48 Daclup to sutometic APV systias initistion

!.S.—ﬁ'fg" tion CL-2 - Licensees with p.ant designe ix
which Piimary and siternete) woetear supplies to the
AFW systame pass thucugh valves 13 & single [low path
should 1nstall redundant parasliel flow paths (piping
and valveas)

[ $23 ’ T4 on Q-Atlo“lmm-nmmm
ilas assoc it Ow path and cssential instrumentet ion
should sutamatically initiate AFY syston flow and be

capabie of being cperated independent ly of any ac powey
Source for et lesat two howis Coavers.on eof & por e

Lo &< power 18 ecceptad'e

Secommendation - Ci-4 - Licensses Naving plants with
;d.ﬁ{loc!c‘,:ocurm sSystem water swplies shouid

evalvate the design of the 1 Arw systess 1O deteimine
if autamatic protection of the Py e i necessary

The Witlend procedures for periodic surveillance
testing of AFW will include provisions for operator
frasmunication with the cant el §1o0am any Lime an AFw
ttein 18 removed from eervice for testing.

Automstic safety qrade initiation of AFW is provided st
Ridland. A detailed dascription of the APN/S and
listing of the initiating Signals con be found in
bubesection 7.3 .3.2. 6.

Peteliel piping 10 provided in the Midland APY systems
for the primery end SeCondary waler sources (see
Figures 10 4-10 Sheet 2 and 10.4-1) Sheet 2»

The steas turbine driven AFy PUmp 18 capable of
Supplying feedwater 1o the stean generators for et
least 7 nouse following & loss of all ec Powe: as
discussed i1n Subsection 10 . ¢.9.)

Trotection of the Midlesna AFw Puaps againat & loes of
the piimary water source (condensatle slorege tank) i
Provided by on autometic switchover to the ssfetly grede
BRIVICY walar aystea. Sew Subseclion 10.4.9.3.

Revision YO
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TLAND AURILIARY FLIIwATER SYSTEN LESICE wiTh THE SECORMEDATION

RIS . Sesponse

Secommendst ion

following & seiseic FVENT OF & teInede The time
avaiiablie betore pumg Gamage. the slarms and
indications eveilebie to the rontril soom cperetor. end

S lion ahould be considered in dutermining vhethes
GPTrator ac1ion Coan De 1elied on te prevent pump
dasege Consideration showld be givea to Providing puay
Protection By ssens swch se Svwiomatic switchover of Lhe
PeSp Swct.ons to the siternete Salfety-grade souice of
watler. aviometic pungp t5ipe on low swuctlions Pivasvre,
Of weisding the norsel soutce of water Lo seel seismic
Catagory | and ternsdo Protection soguirements

loo—_gg‘gl!_-g_gg;‘s -~ The licenses shculd wpgrede the
AN syetens sutomelic imitiet:on Signais and citcuils to
Beetl safety-grade soguitements

See the response to Recosmendat fon “L~).

10A-12
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iDL 182-7T3a2

AriTEms Flom pagsimemuwt, TRANCHITYLD Iw g s 4
T B33 'a aTTER ™ 3 w ALl AFRIL s jvec

ioa .

ISentsfy the piant Sransiont and eccident
Cenditivas coneidvied o estad ! ishaing Arws
flow teguitemente . inclwding the folluwwing
®sonts

L ) Loss of Main Feed (LWWV)

" Y s lone of olftest a. e L

) LNFrY w/lose of onasite snd effaste &
o~

L 2] Flant ceoldown

- Tartine trsp with aad withowt Bypace
. Rain s'ean iscletion velve closure
" Bein feed Line bress

- Bein atess Line Breen

- Smell bress LOCA

I9) Owher tremsient or sccident comnditione
et listad adcws

—feeties 000020 =

IMFOARATION BICARD 1. T BASIS 1R AW

2

The sinisus suniliary f(oedwater System (AFws ) flowrate
was sl Ly functional reguitements. Thet flowrate was
then verified to be accqaptable uaing the transient
Which wouid requite the grestest Arws flow. The
fiamisnta considered were snsliysed ond are ioentified
in Tabie 1GA-) The events listed i1a Lhis guestion
whIch are oul ine luded 18 Tebie JI0A-] wil' slso te
addieaned

The functional requirensnts for Lhe AFWS flowrete are
{o rTemove Lhe decey hest generated after & rescter
Shutdown and 1o provide & smcolh resctor covlont flow
fransition frum fotced circulation teo Retural
Citculiation shewld o loes of offeite Ppowar (LOOP) occwr
Simvitarecusly with Lhe need for APW. T™he functionel
fejuirements resulted in an APWS flowrate of 850 apm

1e e delivered 1o the stean Senersator within

40 secords of I1he nitistion Signal The timwe of

40 sevonds wes chosen to sllow the APVWE Lo imject
fesdwate: ana begin IRCI®ssing stean geneistor level to
the 0% opeiating reange level. fequired for matural
Citcuistion. prior teo completion of the reector coolant pumg
Coastdown AL that Lime. Lhe Gesign flowrete wae
Sviecied to be sgual Lo of grester than the dvcay haat
GeReration rate Because decay heat rate changes with
time. other values thans 0 seconds and 8% gew cowid
have Boen wased and been sccaplable .

These patametiers wore Lthes weed in transient and
Sccident evaivetions The loss of feedwetes (Lorw)
Lreansient 19 the msost liniting for APWS flow. The
Anialysins sssumptions for this event sse eddsessed 1n
Lhe response 10 Question 10A ¢ 2. Al other trensients
which @ither 1eguite of assune Lhe availabilaty of arw
in the saletly analysieo wae the 3esign veluss Serived
from the fuwticnel teguirements

Tha svents listed in Enclosure 2 of the D.r. Noss. Jr

L18a-4>» Bevision V)
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BYSTERS Fiow M, uisismests TRAN m: I e iosune 7 of
EF_®o8s A" evres 1o 4 W --:Zr&r‘!u!h_u.@.

IS4 ¢ mssrwags o THE SEpAsTS roe IRPUSRAT IO 20 CARD | NG THE BASIS Fom Arw

— et 0n . e e mm— T

Iettor 1o 5 ¥ mowell. dated April 28, 1980, which are
Bl AfCicded in Table 10A-1. ase discussed below:

fons of main Feaduster Mith Loss of Onsilte and
Lifaite AC Fower - This event Te not o u.ll-_‘ooI-’ot
Ne pTeal and Counsequentiy is aut Incleded in Chapter
1% Wowever., followine @ temgorsry loese of all ac
POwer. the strae tutbine deiven APW Pusp coan be use 1o
Supply sufficieont feedweter to both steem qenerstoss

as discusesd in Bubsect lon 10.0.9.).

Filent (ooidown - Plant coeldown with AV i10 &
cortrolied event with decay hest leveils *gual to or
lower than in the EReigency condition identified &8 the
GrEign Lanis event The desi1gn Dasie sveat bounds thas

Potential Arw overcouling te Piovided by the APY level
contiol system desciibod in Subsection 10.4.9.

Yethine Teap with ana ithout Sypass - This event
Aws mnt affect . he unlesa Wiw faiie. in which
Cane the ILM'w syvent reviousiy addressed would

Bemind the Arw, design.

Rain Steam jsciatjon ¥ - - in, this event
duss not directiy afwwnl:’: WY is loet as
di0cCussed aduve

et l-Bress lo---_ol-goola-t_hgcmﬂgt._l_bg_a_l -

The AFw criteria ascumed Toi this evert are

desceibet ar Yopical Report BAN-100%2 updsted by
letior vepore, J.m. Taylor (8aw) o 8., Varge

INNC), 771078, ond the fecentily subaitted Buw

Fejodr entitien Evaluetion of Transient Bedovior

ARt Sasll Beectnr (gulest Systes Bresks in the

177 FA Flant, S/0Y 09, These Aocuments Aiscuse

the AFws tlcwrate snd show thet 1t will mnot lesd

% the vioclatson of the SCceplance critecias.

® Deacrine the plant Protection s cepltence The plant protection ACceptance criterie lor eech
Critersa ana CRitespoid.ng techr ical banes S ident aie linted in Yeble I0A-) slong with the
waed (0f oo initiat ing svenst saeatified technicel Lesin for esch SCcoplance criterion. The
ove The ecceplar.e critesrse should sddiess tisnsient svents i1dentified in Question | which ste not

iSa-iae Revision )
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184 & Baspomg TO Twe ocg-csn~g'._uwu~ung MECARD IMC TvE BASIS R Arw I..
gutgn_rg_a-_uhona-n;_Mmangx_;»_u £ Lo3iet 7 oy
Er sogs JR__baTTER T !,J_.%MQIL!L_!W in
e
S — LT - = e e Basponse
Plaat lis.ts swch oo incluwded in Telle 10A-1 are not bounding events. have
fet Bren ansijaed. and a8 swch S0 not have accep!ance
- Resimua BCS precscrs POV o cafeory “ritesia The sccepltance critesis for & amall Pivax
valve sctustion) LA are 1ncluded 10 the gocuments idantsfred Iin
fraspon « 1o Queastion l».
- Feal tempecature or Sanave limite The rrect v conlant systes (BS) conling rete is
(LS. FCT. masiemm fuel cemtial SOV 8 Limit rrlative 10 BcCident acceplance criterie.
tespereture) IThe satery Limit for 811 trensients which wse ASw
for ®itiaetion as that the rovce femsin cocled with
- BCS covling rete limst e aveis witisaster acorptance criteria Being those addresse !
Slcessive conlant shsinbege 18 Tabile 10A-1. For teensients which sesvit im
draining the pressuriser ov for which natural
- N a s m— .::. 'r::"' IMI.::. ClEculatinm 1s slowed or Interruptod, restoresion
Sssure sellficion o4 genoe OF pErasuriser level and subcooling is accomplisl od
Sest Lremsier swilece Lo remcve Ly swelling due to core heat input end inventory
Gocay :’:‘ :‘:’“ cocidowan Lae Frrtoration by RIGh-Fressur® inmject fon. %
P imar re
Stean grrerator level is met based en decay hest

temovel rete or cooldows Capabiiity. Staes eenetestor
level s variable depending <~ the Plant condilion. The
level 1o norselly low whea femoving decey heat with
forced primery circulation. The level 1o merwaliy high
when 1enuving decey Reetl with Ratursl ciscwiation. It
I8 alse srt Righ for emall LOCA se Srecribed in Tapicel
Sepert BAw-100%). end i1n the Baw feport. Evaleestion of
Tisnsi10nt Pehavier and Smell Basctor Coolant System

Biesns
i%a 0 2
Besciibe Lhe analyses and Sstvaplions and cot responding A Fincunacd (a the fesponse to Question la above, the
technical justificotion weed with pleat condition ATRIAN Bavis rvent which verifies the AFWS desiqn
Consideced in | & sbowe inclinding . fEmirenents 1s 1oss of ein feedustor. The analys.s
Si%wmpt srns fOr tAIS evint ore listed below (Reyed to

the Jetters af the nuestion). Corresponding tec nical
st itscotion, where not oprcificaliy Llisted bDelow,

I8 Taned on licensing FOQuir™aent s and piwdent *ng s neer -
1% 1elgernt ot the tine of the enslysis. The iInfor-
Betim 48 ot guavader for the Other Sventa i1%ntifieas
I8 Demation 18 end Tavle 10A-1 Lecause the iocss-of -
freduator svent 18 the soet limiting.

104~ Revision 3)
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APPENDIX C

TECANICAL SPECIFICATION 16.3/¢.7.1.2
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LASITING CONDITION POM OPEAMTION

T —

3.7.1.2 1tvo independent steas enerntor auxdliary feedwater
Pampe and sssociated flowpathe shall be OFEmASLE W

8. One auxiliary feedwater Pusp capatle of being
powered froe an OPERARLE fsaryeacy bus.

B.  One suxiliary feedwater Puap capable of deing
powered from an CPIMELE stean Supply esystes.

. Cperastion of the sceam driven Suxiliary feedveter
PWRp for MCDES 1, 2, 3, and o, sxcept for
surveillance and testing nqw resents and when
actuated Dy station tmerqency conditions. is
pronilited anless the eleciric driven feadvater
Pump is inoperable.

ARRLICABILITY: MOCES 1, 2, and ).
ASIEN:

.. With one suxiliary feedwater Systam inoperak'e,
FOStore the inoperable systes to OPERAILE status
witaia 72 bours ar be in “OT BMUTOCMN within the
next 12 houss,

ARYRILANCE RRQUIADIENTS .

0.7.%.7 s Suxiliary feedwarer fystar shall be demcnstrated
CroaARLL:;

.. At least once per N ‘days on a ETAGGIRED TRST IAS1s
Ey:

T« Varifying that the stesa turbine driven pusgp
déveloge o discharge prvssure of 2 1,180 paig
Above suction presesure st a flow of 2 % Ipe
when the secondary steas *upply pressure e
Jreater than 089 paig when ulurn ioquired
by Specification 8.0.94,

Raviasion §
19,370,794 i/



Vurifying that the motor driven pap davelops
& discharge presaure of ! (LATER) peig at &
flow of ° (LATER) gpe when tested as required
by Specification 4.0.9%.

Verifying that each valve (manual, power
operatad, or automatic) in the {lowpath that
is rot locked, sealed or othervise secured in
position, is in i1ts correct poaition.

Entry iate Mode ) 1s allowed o7 the purpose
of performing surveillance testing 20
Regquiremas 4.7.1.2.8.1.

B. At loast once per 10 seeths, @uring shutdown, by:

1.

Verifying that each sutomatic valve ia the
flowpath actusteas to its correct position on
AN auailiary feedvater asctuation tast signal

Verifying that each pump starta Sutomatically
UPOn receipt of an suniliary feedvatar
SCtuation test signal.

Verifying that the Suxiliary feedvatar staam
feneratar level control valves saiotain &
Stean generatar level of (LATER).

Verifying that the Suxiliary feedvater pusp
Stope and the evniliary feedvatar crosstie
valve closes mutomatically upon & high level
In the sssocistad loop steas generator of
(LATER) (et concurrent vith an Auxiliary
feedvatar wctuation test signal.

Varilying that the Suniliary feedvater pusp
JAEtarts vhan the sssocisted stean 9 efator
sevel falle Dalov (LATER) feet from the high
leval in [tem 4 above, concurrant with an
Suniliary feedvatar sctuation test signal.

Revision 10
18.3/4 . 74% o



APPENDIX D

WOREG-0667 RESPONSLES,
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RESPONSES TO POST-TMI-2 ISSUES AMD EVENTS

PART 111
NUREC~0667 RESPONSES

Recommendation 9 « Post-ITip Pressure an? Level Response

Response

1be fcllovine performance criteria for acceptable normal
post-trip plant response havs besn developed:

4. Reactor coolant systam (RCS) pressure resains above the
setpoint for automatic high-pressure injection (HPI)
actuaticp.

B. RCS pressure remains below the sethoint for RCS code
safety valve actuation.

€.  RCS tamperature decrease does not exceed techrnical
specification limits ( l00F decreass in 1 hour).

d Reactor coolart is contained vithiz the primary RCS and
Quench tank

.. Indicated pressurizer level remains on scale.
L. Indicated staam generator leve) remains on scale.

These criteria are based on Beasured plant variables and reflect
the expected Midland response for NOrma' reactor trips. A reviev
of re.ctor trip data identified several Jsetances vhers
perforrance criteria were not Bt. The causis of these abnormal
fesponses and the Midland design features erpected to prevent
these occurrences are addrussed bDelow:

Q. Excessive Main Fesduster

Improper control of main feedvater after a reactor trip
can lead to varcooling of the primary system with a
potential for loss of pressurizer lev=' indication and
challeange to the RPI Systam. Evenuually, contrel
problems could lead to cnce-through steam enerator
(OTSG) overfill. The Midiand design has been revieved
vith respect to thygs concern. A lailure sodvs and
effects analyvis (FMEA) wvas conducted on the integraced
control system (ICS) and is being completed or the main
fewdvater system. It ig anticipated that these ttudies
vill verify the Capability to futomatically control the
PoSt-trip main feedvater flow t. ensure ecceptable plant
fesponse. A Teview of the main feedvater overfill
concern has led to a recommended design msodifization

111-13 Revigion 30
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PART 111
WUREC-0647 RESPONSLS

vhich will be implesentsd to snsure Zeadvater is
terainated besore the OTSC is filled.

Excessive Auxiliary Feedwater

In the event of a resctor trip coincident with loss of
Bain feedvater, suxiliary Jeedvater :AFYW) provides the
source of cooling vater used to remsove decay heat,

Under these circumstances, improper control of AFV say
lead to overcooling or overfill prodlmy sisilar to
those of main fesdvater as discusied above. Dus to the
importance of proper A7V ceatrol, several design
features exist or will be sucorporatad dy asundment
vithin the Midlend design. First., the AFW level control
fystam is being modified to provida for the addition of
AFW at a prograsmed rats. This rates will be sufficient
to ensure establishmsent and maintenance of natural
circulation while liniting the extent to which the RCS
is cocled. The result will de & smoothe: and

POSt-trip response. Secondly, OTSG overfill due to
improper AFV centrol is precluded by existing plant
features vhic! terminate AFv injection bufore the steam
fenerator is rilled. Azalysis of the plant performance
during such events is provided in the Response to MRC
Question 211.184. A description of the AFW level
control system is provided in Subsections 1.).4.9,
7.3.3.2.6, and 7.4.1.1.1. Finally, the acceptability of
the entire AFV system, including its contrsl sycteme, is
being evaluated through the preparstica of an extensive
AFW reliability snalyeis. Although not anticipated, any
. Gesign deficiencies identified by this study will be
satisfactorily remedied.

OTSC Underfeeding Due to Loss of Rain Feedvetar and
Delayed Auxiliary Feedvater

The potential for this concern is affected by the
reliability of both the main and suxiliary feedvater
systems. [Evalustion of these reliabilities, and
improvements wvhere Nacessary, are being addressed
through FPMEA and reliability analyses and design changes
discussed in [tems @ and b above. In adaition to these
studies and improvements, additional wod.fications are
being made to the AFV Systes vhich are expected to
improve its reliability. Specifically, changes are
being made to tiw AFW suction Piping to remove systes
interconnections and thersfore unitize the Systems<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>