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1. STATEMENT OF PURPOSE

A study was made of the reliability of the Midland Auxiliary Feed-~
water System for Consumers Power Company (CPCo) of Jackson, Michigan.
The purpose of the study was to

. Provide a thorough and comprehendible assessment of the overall
reliability of the system.

- ldentify important contributors to unreliability.

B Compare three alternative pump configuration designs.

A principal aim of the study was to use the most applicable data in the

analysis with due regard for the true range of uncertainty in this infor~-
mation. In addition, to make comparisons with NRC analyses more directly
visible, calculations using the standard NRC data base have been included.



2. SUMMARY

The emergency function of the Auxiliary Feedwater System (AFWS) is to
provide heat removal for the primary system when the main feedwater sys-
tem is not available. A conceptual block diagram of the AFWS is shown in
Figure 1. Water is supplied through two pumps to each of two steam gen-
erators. The AFWS must provide this function ducsing small Loss of Coo-
lant Accidents (LOCA) as well as following transients that lead to a loss
of main feedwater. The AFWS provicns initial cooling to prevent over~-
pressurization of the primary system and has sufficient preferr=d water
supply to maintain hot standby conditions for 4 hours followed by a cool~-
down to 320°P. The system is also used during normal plant startup,
shutdown, and hot standby conditions. Requirements for success under
emergency conditions are that flow from a least one pump be delivered to
at least one steam generator immediately following initial demand.

The fault tree analysis determ. es the system hardware minimal cut-
sets, i.e., the smallest groups of combined component failure modes that
lead to system failure. 1t further catalogs the causes for specific com-
ponent failure modes and evaluates their likelihood of occurrence. The
causes considered include:

- Random independent failures

. Test and main*enance
L3 Human error
. Common cause failui>s

Two sets of data are used in separate quantifications. The NRC point
estimate data from NUREG-0611[1) is identified here as NRC Data. Data
most applicable to the Midland AFWS that includes uncertainty has been
identified as Plant-Specific Data. The three specific cases described in
NUREG-0611 are analyzed:

1. LMFW - transient initiated by interruption of the main feedwater
system (.=actor trip occurs) and offsite AC power remains avail-
able.

2. LMFW/LOOP - transient initiated by loss of offsite AC power and
reactor trip occurs (main feedwater system is interrupted by the
less of offsite power). Onsite emergency AC power sources are
treated probabilistically.

3. LMFW/only DC power available - transient is initiated as in
item 2 above, but onsite erergency AC power sources are unavail-
able.

Note that these cases lead to conditional unavailability calculations
that are coupled with specific states of electric power. Results are
displayed in Table 1 for each of the three cases and each data set.
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TABLE 1. SUMMARY OF RESULTS
CONDITIONAL* UNAVAILABILITIES** OF THE MIDLAND AFWS

loss of Main Loss of Main Loss of Main Feedwater
Feedwater Feedwater Due to Loss and Loss of AlL AC Power
it Offsite Power
-ontributors to

Unavailability

Double Double Double Double Double Doublie
“rossover Crossover Srossover ‘tossover ‘rossover ‘rossover
(Plant (Plant Plant
Specific NRC Data) Specific (NRC Data) Specific {(NRC Data)
C.ita) Data) Data)
Random failuces 7.0 E~S5* 1.5 B-S 6.6 E~4 2.5 BE~4 1.7 B=2 6.4 E~3
(1.1 E~8) (8.4 E~6) (5.3 E~4)
Tast and maintenance and 1.2 E~4 6.9 E-S 3.4 E~4 2.8 E~4 5.9 E~3} $.9 E-3
random system failures (3.9 E-8) (6.5 E~7) (1.9 E~4)
Human error (test--faillure to 6.3 E~6 3.7 E~6 1.8 E~S 1.5 E-5 -4 J.1 E~4
close full flow test valve) (1.1 E~10) (2.0 E~9) (5.3 E-7)
‘ommon cause (full flow 8.4 E~6 8.4 E~6 8.4 E~§ 8.4 E-6 8.4 BE~% o.4 E-6
test valve open after test) (5.9 E~10) (5.9 E~10) (5.9 E~10)
Other P 3 ¢ € € £

System Total

Mean 2.0 BE~4 1.0 E~3 2.1 BE-2
Var Lance 4.7 B-8 6.0 E~6 6.7 E~4
S5th 3.4 B-5 é.1 E-5 3.5 B=)
I5th 5.8 BE~4 3.8 B-] 6.8 E~2
Median 1.4 E~4 1.2 E-4 4.0 E~4 5.5 E~4 1.6 E~2 1.3 BE=2

*The total unavailabilities as well as the individual contributions given in this table are not actual System
snavailabilities but are system characteristics conditional on specific states of electric power as follows:
MFW: Offsite AC power is continuously available.
LMFW/LOOP : JEfsite AC power is unavailable--diesel generators may or may not accept load.
IMPW/Loss of ALL AC: AlL AC power is unavailable; DC power is available,

**Unavaiiability is the fraction of times the system will not perform its function when required.
*7.0 -5 read 7.0 x 10-5,

{ ) Variance - describes the spread of the results about the mean.
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Results using the NRC Data for each of the three cases are plotted in
Figure 2 along with similar results!?] for other Babcock and Wilcox
(B&W) plants. Midland appears to be one of the better performing (BaW)
auxiliary feedwater systems.

Three alternative pump configuration designs are analyzed. Their
block diagrams are shown in Figure 3:

3a. Double Crossover (DCO) - one 1008 motor-driven pump and one 100%
turbine-driven pump. This option has been selected by CPCo for
installation at Midland. It permits each pump to supply either
or both steam generators. Each crossover path is controlled by
the same electrical supply as the associated pump.

3b. Base Case - one 100% motor-~driven pump and one 100% turbine-
driven pump. This option was the original Midland design. 1t
permits each pump to supply either or both gteam generators.

3c. Three Pump - two 50% motor-driven pumps and one 100% turbine=-
driven pump. This design is similar to that used at some other
(B&W) plants and is included for comparison purposes only.

NRC data was used only in the DCO analysis (Table 1). Tables 2 and 3
present the results using plant-specific data for comparisons of the Base
Case and the Three Pump designs against the DCO. The Base Case and the
DCO have nearly identical reliability results. The DCO is clearly better
than the Three Pump design analyzed.

It is possible to imagine modifications in hardware and procedures
that have potential to reduce the impact of the dominant contributors.
Some examples are given in Chapter 6. However, the system is already
very reliable, i.e., no serious deficiencies have been identified. No
changes shouid be made without a careful evaluation of all costs and ben-
efits including the chance that a change aimed at improving reliability
could actually degrade it.
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TABLE 2. SUMMARY OF RESULTS

CONDITIONAL* UNAVAILABILITIES** OF THE MIDLAN® AFWS

(Plant Specific Data)

Loss of Main Loss of Main
Feedwater Feedwater Due to Loss
& Offsite Power
contributors to

Loss of Main Feedwater
and Loss of AllL AC Power

Jnavailability

Double Rase Doudle Base Double Base
Jrossover Case Crossover Case “rossover ~ase
Random failures 7.0 B-5* 7.3 B-5 5.6 E~-4 6.6 E~4 7T B-2 1.6 E=-
(.1 E~8) (1.9 E-8) 8.4 E~6) (3.3 E~6) (5.3 E=4) (7.5 E~3)
Test and mainzenance and 1.2 B~4 1.2 B~ 3.4 B~ E-4 5.9 B~} 9 B~}
random systom failures (3.9 E~8) (1.2 B=7) (6.5 B~7) (3.2 B~7) (1.9 E~4) (1.9 E~4)
Human error (test--failure to 6.] B-6 6.4 E-5 1.8 B=-5 1.8 B-5 3.1 B~4 1 B~4
close full flow test valve) (l.1 B~10) (3.4 B~10) (2.0 E~9) (9.2 EB-10) (5.3 BE=7) (5.3 E~6)
Common cause (full flow 8.4 E~6 8.4 B~6 8.4 E-6 8.4 E-6 8.4 E~6 8.4 E~6
test valve open after test) (5.9 E~10) (5.9 B~10) (5.9 E-i0) (5.9 E~10) (5.9 E~10) (5.9 BE<10)
Other £ € e € B e
System Total
Measn 2.0 B~4 2.1 B-4 1.0 B~} 1.0 B-) 2.3 B-2 2.2 B=2
Variance 4.7 E-8 1.1 E~7 6.0 B~6 .9 E~6 6.7 E~4 8.8 B~4
Sth 3.4 B-S 1.7 B-5 4.1 B-5 7.9 E-S 3.5 B-]3 .5 B-)
95ch 5.8 E~4 7.0 B~4 J.8 B-) 3.5 B~} 6.8 BE~2 7.0 B=2
Median 1.4 E~4 1.1 E~4 4.0 E~4 5.3 E~4 1.6 B=2 i.3 B~2

*The total unavailabilities as well as the individual contributions given in this table are not actual system
Jynavailabilities but are system characteristics conditional on specific states of electric power as follows:

LMFW: Offsite AC power is continuously available,

LMFW/LOOP: Offsite AC power is unavailable--diesel generators may ¢r may not accept load.

MFW/Loss of AlL AC: ALl AC power is unavailable; OC power is available.

**Unavailability is the fraction of times the system will not perform its function when required.

*7.0 E-% read 7.0 x 10-5,

{ ) Variance - describes the spread of the results abnut the mean.

1C

e ™ PY§ "= JJ° N, m g, ER Py W Jy W, -, m Ny, = W



TABLE 3. SUMMARY OF RESULTS
CONDITIONAL® UNAVAILABILITIES** OF THE MIDLAND AFWS
(Plant Specific Cata)

Loss of Main Loss of Main loss of Main Peedwater
Fesdwater Feedwater Due to Loss and Joss of ALl AC Power
of Offsite Power
‘ontributors ) S e
navailaoilicy
Double oGuble Double
h P ™ \ Th
Crossover RS raty Crossover e hep ~tussover “wes T
Random failures 7.0 E~5* 8.1 B-4 6.6 B~4 2.0 B~} 1.7 B=2 1.7 B=2
(1.1 B~8) (1.4 E~§) (8.4 E-6) (1.1 E~S) (5.3 E~4) 1.6 B+~%)
Test and maintenance and 1.2 B-# 4.9 E~4 J.4 E~4 9.2 E~4 5.9 B-) 5.9 B~}
random system failures (3.9 R-8, (1.0 E~7) (6.5 B=7) (2.9 E~%) (1.9 E~4) (1.9 E=4)
Human arror (test-~fallure to 6.1 BE~% 2.6 E-* 1.8 25 4.9 B-S J.1 E~4 3.1 B~
close full flow test valve) (.1 E~10) (2.0 E~9) (2.0 BE~9 (8.8 E~9) (5.3 E=7) (5.3 B=7)
. Common cause (full flow 8.4 E~§ 8.4 E-§ 8.4 E~5 8.4 E~6 8.4 E-§ 8.4 E~6
test valve ooen after tear) (5.9 B=-10) (5.9 EB~10) (%9 E~10) (5.9 E~10) (5.9 E~10) (5.9 B~10)
Jther I3 I3 € £ t e
Jystem Tot..
Mean 2.0 B-4 1.3 B~} 1.0 B=3 3.0 B~} é.3 BE~2 2.3 B-2
Var tance 4.7 E-B 2.0 E-% 6.0 E~% 1.3 BE~S 6.7 B~4 2.0 E~
Sth J.4 B-S 2.2 B-4 4.1 BE-S 4.0 B~4 3.5 B~} 8.0 B~
95¢tn 5.8 B~4 3.8 B~} 3.8 E-) 9.0 B~} 6.8 E~2 5.0 B~2
Median 1.4 B~4 9.2 B~4 4.0 B~ 1.9 E-} 1.6 E=2 2.0 B=2

*The total unavailabilities as well zs the individual contributions Given in this table are not actual system
Jnavailabilities but are system characteristics conditional on specific states of electric power as follows:
MPW: Offsite AC power is continuonsly available.
LMFW/LOOP: Offsite AC yower is unavailable-~diesel generators may or may not accept load.
LMW/ Loss of ALL AC: ALl AC power is unavailable:; OC power (s available.
**Unavailability is the fraction of times the system will not perform its function when required.
*7.0 E-5 read 7.0 x 10°9,

) Variance - describes the spread of the results about the mean.
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3, INTRODUCTION AND SCOPE

3.4 BACKGROUND

The purpoe JOf this study is to analyze the reliability of three
alternative Auxiliary Feedwater System (AFWS) designs for the Midland
Nuclear Stzcion. A diagram of each alternative system design is drawn
and is presented here as Base Case, Figure 4; Double Crossover, Figure 5;
and Three Pump, Figure 6. The auxiliary feedwater system supp. ies feed-
water to the steam generators during normal plant startup, shutdown, and
hot standby conditions. It also serves an important emergency function
by providing cooling water to remove decay heat from the core. To place
the AFWS emergency function in perspective, we consider what options for
cooling are available to a core following c¢xtended high power opera-
tions. The simplified core cooling evert tree of Pigure 7 pruvides a
framework for discussion. Pollowing an initiating event that could lead
to loss of main feedwater (turbine trip, reactor trip, LOCA, etc.), core
heat can be removed via the piimary coolant system in two ways: through
the steam generators (steam production in the secondary side) or directly
by reactor coolant blowing down through a valve or rupture. 1f a LOCA is
large enough to remove the dec:v heat, sufficient makeup flow must be
delivered to the reactor to avoid core uncovery. The design mode of heat
removal is by steam generator cooling (steam reliefs or power operated
atmospheric vents). PFor continued success of this mode, feedwater must
be supplied by the AFWS or I, restaring main feedwater. Even if all
feedwater supplies fail, successful core cooling can be provided by
primary bleed and feed. Recent analyses show that high pressure injec-
tion combined with the opening of power operated relief valves can supply
sufficlent bleed and feed cooling to prevent core damage. (3] For cases
that involve loss of all AC power, only the feed systems can provide
cooling since the makeup pumps ciénnot run. In this report we address
only tke reliability of the AFWZ,

The fault tree analysis determines the system hardware minimal cut-
sets, i.e., the smallest groups of combined componert failure modes that
lead to system failure. We further catalog the causes for specific com-
ponent failure modes and evaluate their likelihood of occurrence. The
causes cons.dered include:

- Random independent failures

- Test and maintenance

. Human error

. Common cause failures

Results are guantified using plant specific data for each case

analvzed, and once using NRC generic point value data taken from
NUREG-06)1(1] as applied to the double crossover design.
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FIGURE 4. MIDLAND AUXILIARY FEEDWATER
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In the report, conditional unavailability is evaluated for the three
specific electric power conditions considered by the NRC in NUREG-0611:

3 Offsite AC available
. No offsite AC available
- No AC available.

Note that these cases lead to conditional unavailability calculations
that are coupled with specific states of electric power.

3.2 AUXILIARY FEEDWATER SYSTEM DESCRIPTION

3.2.1 System Function

The auxiliary feedwater (AFW) system("lol supplies feedwater to
the steam generators during normal plant startup, shutdown, and hot
standby operations when the main feedwater system is unavailable for ser-
vice. The AFW system is also designed to respond automatically to emer-
gency conditions, to supply feedwater to the steam generators (SGs) in
order to remove reactor decay heat, assist in establishing natural circu-
lation, and to cool down the reactor coolant system to the point at which
the plant decay heat removal system may be placed into operation.

The AFW system must fulfill certain plant safety design bases, there-
fore, care is taken in selection and design of the interfaces for motive
power to the AFW system. Electric power demands of the AFW system are
met by taking the load from the vital plant buses that are powered by the
onsite emergency diesel generators. A redundant and diverse source of
motive power is the steam from either of the two SGs. 1f a demand occurs
on the system, then it is highly likely that steam is available to drive
the turbine for the AFW system pump. Valves and controls for the
turbine-powered AFW system loop receive power from DC power systems which
are battery supported.

Three alternative designs are considered for the Midland AFW system.
Although distinct differences exist between the alternatives, the e zen-
tial elements, water sources, pumping sections, flow control, and isola-
tion remain the same.

In the following paragraphs, the basic system is described using the
AFW system as described in the Final Safety Analysis Report (FSAR). The
differences between the alternative designs are then presented.

3.2.2 Basic AFW System

The Base Case AFW design consists of two AFW pumps, a level control
arrangement, AFW to SG feed lines, steam supply to the turbine-driven
pump, and a water supply arrangement.

17



Three sources of water are supplied for the auxiliary feedwater
system:

- The condensate storage tank (CST) serves as a backup source of
water during normal system operations (startup, hot standby, and
cooldown) ard as the primary source of water during plant emer-
gency conditions.

. The condensate system is used for plant startup, hot standby, or
cooldown operations.

" The service water system serves as a safety-grade backup system
to the CST during plant emergency conditions.

The CST is the source of makeup water to the plant condensate system
and the AFW system during normal operations. The CST is always aligned
to supply water to the AFW system during plant operation through a nor-
mally open motor-operated valve (MOV). This MOV receives an open signal
from the auxiliary feedwater actuation system (AFWAS) during plant emer-
gency conditions.

The condensate system is used to supply the AFW system during normal
plant startup, shutdown, and cooldown operations. Three separate conden-
sate svstem sources--either of two deaerating storage tanks or the con-
denser hotwell--are available to the AFW pumps. MOVs in each separate
supply line receive an automatic close signal from the AFWAS system in
the event of a plant emergency which requires AFW.

The service water system provides a safety-grade backup to the CST.
Two MOVs in series supply each AFW pump. The "A" service water train
supplies the "A™ AFW pump and the "B" service water train supplies the
"B" AFW pump. These motor-operated valves open automatically upon
receipt of an AFWAS signal in conjunction with a two-out-of-four low suc-
tion pressure condition at the associated AFW pump. The low suction
pressure trip also closes the associated normal suction valve from the
CST.

Redundant auxiliary feedwater pumps are provided. The motive power
for the auxiliary feedwater pumps is diverse and independent; using steam
generated in either or both SGs to drive a turbine-pcwered pump, or vital
4160VAC electric power to the motor-driven pump. The motor Lreaker is DC
controlled to close and trip. The motor breaker trips on bus under-
voltage, phase overcurrent, ground fault, and high-high SG level. The
motor-driven AFW pump restarts a2utomatically when SG level is restored to
normal. The valves associated with steam supply to the turbige-driven
pump are DC motor-operated. The turbine controls are supplied power from
the same DC source. The pumps and drives are located in separate rooms
in the Auxiliary Building. Each room cucntains a fan cooler unit that is
started when the associated pump starts. Cooling water for the fan
cooler unit is supplied from the plant service water system.

18
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Each purmp has a recirculation line to remove pump heat during low
flow conditions. Flow through the recirculation line is controlled by a
sclenoid valve that opens in response to pump flow. AFW pump recircula-
tion is normally directed to the condensate storage tank supplying the
AFW pump.

In addition to the recirculation line, each pump has a full flow test
line that bypasses the recirculation solenocid. This line is used for the
pump flow testing that is required by plant technical specifications.

The full flow test valve is normally locked closed and has a remote posi-
ticn indication in the Main Control Room.

Each pump has a manual suction and discharge isolation valve used for
isolation of the associated pump for maintenance. Each pump also has a
discharge check valve to protect the pump from back flow.

The motor-driven AFW pump discharge line contains the auxiliary feed-
water to main feedwater cross-connect valve. The motor-driven AFW pump
supplies flow to the SGs through the main feedwater system piping during
startup, hot standby, and cooldown operations. This valve is hydrauli-
cally operated to open and fails closed upon loss of power. This valve
also receives a close signal from the AFWAS.

The steam for the turbine-driven pump is supplied from either or both
S$Gs through normally closed motor operated isolation valves. These
valves receive an open signal from the AFWAS. The supply from each SG
ties into a common supply line inside the Reactor Containment Building.
There is a normally open steam header isolation valve outside the build-
ing. Should this valve be closed, an AFWAS signal is sent to open the
valve.

The turbine is supplied with a trip throttle valve and a turbine
governor valve. The trip throttle valve is a motor-open, trip close
valve which trips closed on turbine overspeed. Once tripped, the valve
motor must be energized, and the valve shut to reset the trip. When the
valve motor has been driven to the shut condition. the overspeed trip is
reset, and the valve is reopened. The turbine governor valve is an
electro~hydraulically operated valve which maintains turbine speed at the
required value after the turbine is started. Hydraulic pressure for
valve operation is supplied by a lube o0il pump attached to the turbine
shaft. This pump also supplies lubrication for the turbine journal and
thrust bearings. When the turbine is shut down, the governor valve is
wide open. As the turbine increases in speed after the admission of
steam, the governor valve closes tc limit possible overspeed of the tur-
bine and to control final turbine speed. 1In addition to overspeed, the
turbine trips on high-high SG level. When SG level is restored, the pump
automatically restarts.

The AFW pumps are cross-connected after the pump discharge valve
through two normally open MOVs. These cross-connect valves close auto-
matically on high-high SG water level in either SG and must be manually
reopened after the high~high level condition has been corrected. Tl.ese
valves do not receive an open signal from the AFWAS.

19




"™

Each SG AFW line contains a normally open, motor-operated level con-
trol valve. These vaives operate to mair tain a programmed water level in
the associated 5G. Base Case control circuit design requires that two
channels of SG level indication require valve movement before the level
control valve will change position. Failure of either level channel
results in no valve movement under automatic control or manual control.
In addition, these valves can only operate for fifteen minutes out of
every hour.*

The supply line to each SG passes through a parallel Reactor Contain-
ment Building AFW isolation valve arrangement. These isolation valves
are normally closed and receive an open signal from the AFWAS. In the
line to each SG there is one DC and one AC operated valve, which provides
diversity of power supply for these valves.

Two check valves in series in the AFW line to each SG prevent blowing
down an intact SG through the AFW lines to a leaking or ruptured SG.

Turbine exhaust steam passes up through the exhaust line to the roof
of the Auxiliary Building where the steam is exhausted to the atmos-
phere. There are no isolation valves in tlie turbine exhaust line.

In addition to the AFWAS signal required to start the AFW system, the
AFW feedwater isolation valves and the steam supply valves to the
turbine-driven pump receive a Main Steam Line Isolation System (MSLI1S)
signal through a Feed-Only-Good-Generator (FOGG) logic network. This
FOGG signal is designed to prevent the addition of feedwater to a rup-
tured SG and is used as an interlock or blocking signal rather than a
direct signal such as the AFWAS signal (i.e., the FOGG signal being pre-
sent prevents valve movement but does not cause valve movement).

The AFW system is normally in a standby status with the valves lined
up as indicated in Figure 4. Upon receipt of an AFWAS signal, the fol-
lowing events occur: The motor~driven and turbine-driven AFW pumps
receive a start signal; the turbine steam supply valves from the SGs
open; the AFW isolation valves to the SGs open; if closed, the CST isola-
tion valve opens; the DAST and condenser isolation valves close; and the
main feedwater cross-connect valve closes. Within 40 seconds they will
be supplying both SGs.

In the event of a loss of suction to the AFW pumps, after a time
delay of 4 seconds, the service water valves will open and the CST outlet
valve will close.

After the SC levels have been restored, the level control valves will
throttle closed to maintain SG level. In the event of a high-high SG
level, the associated AFW pump will trip off and the discharge cross-
connect valve will close. With an AFWAS signal still present, the asso-
ciated AFW pump will automatically restart upon the clearing of the SG

*The design of these valves has been changed to allow continuous
operation.
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The level control valve arrangement for the double crossover design
was shown in Figure 5. Each AFW pump discharges to two electro-
hydraulically operated level control valves, one valve for each 5G.

These level control valves are 120 VAC motor-operated and fail open upon
loss of AC power. The AC power for the level control valves associated
with one AFW pump comes through an inverter network from the same DC load
group as the pump's DC control power.

The level control system for each level control valve now relies upon
a single level signal rather than two level signals, which was the
requirement in the Base Case design. A single level channel failure will
not cause either underfeeding or overfeeding of the SG.

System operation remains the same for the double crossover design as
was discussed for the base case design.

. Py B Three Pump Design

The three pump design shown in Figure 6 is similar to the design of
the auxiliary feedwater system used in Bellefonte Nuclear Power Station.
In this design, either both motor-driven pumps or one turbine-driven pump
is required to operate in order for the AFW system to satisfactorily
verform its safety functions.

For the purposes of this analysis, it is assumed that the power sup-
plies to the AFW feedwater isolation valves would be the same as the base
case, that the motor-driven pumps discharge through the two AC-powered
valves, and that the turbine-driven pump discharges through the two
DC-powered valves. In addition, the control circuit for the level con-
trol valves was assumed to be modified such that a single channel of SG
level could only affect one level control valve rather than both. These
assumptions assure a system design that is similar to Midland.

Further assumptions were required concerning DC power to the turbine
controls. DC power to the turbine-driven pump was assumed to be avail-
able from either DC bus. Preliminary analysis indicated a single failure
of DC bus 1D21 would cause system failure due to the loss of the
turbine-driven pump and the failure to start of the second motor-driven
AFW pump. An alternative assumption to power the second motor-driven
pump from the same AC source as the first motor-driven pump produced the
same results as the alternate DC power supplies to the turbine-driven
pump. These assumptions allow the most flexibility for the AFW three
pump design.

Assumptions concerning the service water modifications were made to

maintain the same double isoclation valve and independence of service
water trains as are present in the current Midland design.

22
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3.2.5 Electric Power and Other Babcock a

The AFW system dependence on electric power is ani

that powers the equipment. The power supply interface
sis 1s given in Table 4.

A comparison of the Midland double crossover design with other oper-
ating B&W plant AFWS designs is given in Table 5.

3.3 SCOPE

The three Midland alternative auxiliary feedwater system designs are
analyzed as presently designed (with the assumptions noted above) and as
expected to be maintained and operated. Two sets of data are used in
separate quantifications. The NRC point estimate data from NUREG-0611
identified here as NRC DATA. Data most applicable to the Midland AFWS,

Qi

A

including uncertainty has been identified as Plant-Specific Data. The
three specific cases described in NUREG-~0611 are analyzed:

La LMFW - transient initiated by interruption of the main feedwater
system (reactor trip occurs) and offsite AC power remains avail-~-
d
able.

p LMFW/LOOP - transient initiated by 1 of offsite AC power and

m is interrupted by the

loss of offsite power). Onsite emergenc

0SS
reactor trip occurs (main feedwater syst
n
(diesel generators) are treated probabi

e
cy AC power sources
listically.
3 LMFW/only DC power available - transient is initiated as in
item 2 above, but onsite emergency AC power source
able.

The boundary of the analysis is pictured in Figure 8. The turbine
steam supply from the SGs and all of the auxiliary feedwater system com-
ponents are included directly in the analysis. The water supplies them-
selves are not analyzed in detail. However, the piping systems and
valves that deliver water to the auxiliary feedwater system are inclu-
ded. Electrical power supplies are outside the boundary of the analysis
and are considered as discussed in Cases 1, 2, and 3 above. The AFWS
actuation signal is outside the boundary of the analysis. The analysis
1s conducted conditional on the. presence of an AFWS actuation signal.
Finally, some human interactions are included within the analvsis and
some are outside the boundary. Within the boundaries the human inter-
action through test and maintenance as; well as operator response to sys-
tem failure on demand are considered.

An event tree model of AFW system operation is developed in order to
address detailed system concerns such as overcooling and undercooling,
reliability of continued operation, discrimination among "Bad SG" condi-
tions, and consequences of feeding the "Bad SG."




TABLE 4. AFW POWER SUPFLIES

Base Case Alternative

Component

Power Supply

3.
4.
5.

7.

8.

9.
10.
11.
12.
13.
14.
15.
16.
17.
is.
19.
20.
21.
22.
23.
24.

vZ

Motor-driven AFW pump PO5A

control power

Turbine-driven AFW pump P0O5B

control power

Level control valve, LV3875A

Level control valve, LV3875B

OTSG A steam supply to turbine MO3177A
OTSG B steam supply to turbine MO3126
Steam supply isolation valve MO3126
Turbine throttle valve MO3831

Feedwater isolation to SG A (AC), MO3870A
Feedwater isolation to SG A (DC), MO3865A
Feedwater isolation to SG B (AC), MO3870B
Feedwater isolation to SG B (DC), MO3865B
AFW discharge crossover, MO3872A

AFW discharge crossover, MO3872B

CST isolation, MO3856

AFW suction cross-connect, MO3868A

AFW suction cross~connect, MO3868B

Train A service water to P0O5A, MO3893Al
Train A service water to P0O5A, MO3893A2
Train B service water to P05B, MO3893Bl
Train B service water to P05B, MO3893B2
DAST A outlet valve, MO3840A

DAST B outlet valve, MO3840B

Condenser outlet valve, MO3836

4160V AC bus 1A05
125 VDC panel 1D1

125V DC panel 1D2
480V MCC 1B55
480V MCC 1B56
125V DC panel 1D2
125V DC panel 1D2
480V MCC 1B56
125V DC panel 1D2
480V MCC 1B55
125V DC panel 1D1
480V MCC 1B56
125v DC panel 1D2
480V MCC 1BS55
480V MCC 1BS6
480V power panel
480V power panel
480V power panel
480V power panel
480V power panel
480V power panel
480V power panel
480V power panel
480V power panel
480V power panel

1

1

1
1

1

1

1

1BPO3
1BPO3
1BPO4
1BPO3
1BPO3
1BPO4
1BPO4
B31

B32

B31
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TABLE 4 (continued)

Double Crossover Alternative

Component Power Supply
l. Level control valve, LV3875Al 120VAC Panel 1Y11
2. Level control valve, LV3875Bl1 120VAC Panel 1Y12
3. Level control valve, LV3875A2 120VAC Panel 1Y13
4. Level control valve, LV3875B2 120VAC Panel 1Y14

Three Pump Altevrative

sZ

Component Power Supply

l. Motor-driven AFW pump PO5C 4160V bus 1A06

control power 125V DC panel 1D21
2. Turbine-driven AFW pump P0SB 125V DC panel 1D21 or

control room 1D11
3. Train A service water to P05B, MO3893A3 480V power panel 1BPO3
4. Train A service water to P05B, MO3893A4 480V power panel 1BPO3
5. Train B service water to P0O5B, MO3893B3 480V power panel 1BP0O4
6. Trair B service water to P05B, MO3893B4 480V power panel 1BPO4

All other components same as Base Case

Note: All power supplies for Three Pump Designs are assumed.
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4. METHODOLOGY

The approach taken in this study is to separate the reliability
problem into two logically distinct modules--determination of minimal
cutsets of equipment failure modes and determination of cause sets, i.e.,
causes that can bring about failures of the equipment cutsets.

The first step is to develop a detailed fault tree of the system.
That tree is developed down to the level of basic component failure
modes, such as "valve MOV-3870A fails to open." Thus when the minimal
cutsets of this fault tree are determined, they represent groups of
equipment functional failure modes that must occur together if the system
is to fail. Those cutsets are characteristic of the system hardware
alone.

A simplified fault tree for the Midland AFWS is shown in Figure 9.
The TOP event, "No Or Insufficient Flow (NOIF) To Both Steam Generators,"”
can nnly occur if there is NOIF from the motor pump section AND from the
turbine pump section. NOIF from a pump section can only occur on NOIF
from all water sources or failures within the pump sections. The
detailed fault trees are shown in Appendixes A, B, and C for the base
case, double crossover, and three pump, respectively.

The second step is to tabulate the possible causes for each failure
mode. A single equipment functional failure mode may be caused by random
independent faults, test and maintenance, common or independent human
interactions, common environmental conditions such as high temperature or
flooding, aging, etc. Entire cutsets may fail due to any single cause or
coincident combinations of causes.

The cause tree for the Midland AFWS, Figure 10, lays out the overall
solution approach of this report. NOIF to both steam generators can only
occur if one or more failure mode cutsets are failed. Such failures must
be caused by

Random Independent Failures
OR
Independent Human Errors
OR
Test and Maintenance in Conjunction With Other Causes
OR
Common Cause Failures

OR

Other Failure Causes.
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5. SYSTEM ANALYSIS

5.1 SYSTEM MODELS

5.1.1 System Fault Tree

The fault tree models the failures that must occur to prevent suc-
cessful system operation. The TOP event is defined as "No Or Insuffi-
cient Flow To Both Steam Generators." Success is defined as the flow
from at least one pump train delivered to at least one steam generator.
The simplified fault tree of Figure 9 (Section 4) shows that for the
system to fail we must fail to deliver sufficient flow to both steam
generators. In each case this requires that there is no or insufficient
flow through the steam generator inlet valve section or that there is no
or insufficient flow delivered to that section. Secondly, we must have
no or insufficient flow from the motor driven pump (either must faii in
the three pump alternative) and no or insufficient flow from the turbine
driven pump. Finally, there is no water from any of the potentlial water
sources. The complete fault tree models are presented in Appendixes A,
B, and C for the base case, double crossover, and three pump alternatives
respectively, where the system is modeled to the level of major compo-
nents. Included are the pumps, valves, electrical supply, motor opera-
tors, and turbine and control mechanisms. Not modeled are drain lines,
drain valves, piping, and connected lines which are small in size, i.e.,
syste: components whose failure rates are very low compared to the ones
included in the model. The AFWS flowpath is modeled from the water
sources to the steam generators. Electrically, the system is modeled
from the bus to the system. (Note that for the case No Offsite Power
Available, the diesel generators are treated probabilistically.)

Variations on the main models were made depending upon the initial
conditions of the scenario. These variations were made at the basic
event level and consisted of changes to the failure probability for the
basic event. As examples, consider the following: to run the model for
the case "Loss of Offsitce Power," the failure probabilities for the AC
buses were increased to the value of the probability of failure of a
diesel generator to start; to simulate the condition of maintenance on a
pump train, “he pump failure probability was changed to one (which
indicates a failed component) which resulted in a new listing of minimum
cutsets for system failure. In this manner, the basic tree developed for
a particular system design can correctly evaluate system failure for
varying initial conditions.

5.1.2 Computer Programs

The computer programs that are used by Pickard. Lowe and Garrick,
Inc., to process information in system reliability analyses are in the
public domain and are available through the Argonne Code Center. The
codes are the most current versions of computer packages that have been
in use for many years. Most of the computer programs were used in
support of the Reactor Safety Study, WASH-1400, and have been modified as
developments are made to reduce computer cost or improve output presenta-
tions. The computer programs used on this project are Ras(ll],
comcanII-Al[12], and Mocars(13],
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5.1.2.1 RAS. Reliability analysis system, RAS, is a combination of
codes that do gqualitative and quantitative fault tree analysis. FATRAM
(method of obtaining cutsets) KITT (kinetic tree theory), and COMCAN
(commom cause failure analysis) are the core elements for RAS. FATRAM is
known as a "top down" method for determining cutsets or pathsets for a
fault tree. The tree top is developed for its inputs until it is
resolved to the basic events in the model. The super sets are then elim-
inated leaving the minimal cutsets. Kinetic tree theory is the mechodol-
ogy used next to predict the system reliability characterisitics (quanti-
tatively) from the cutset developed by FATRAM. These codes use the rare
event approximation in quantifying reliability.

RAS also includes the COMCAN routines necessary to perform a common
cause failure analysis on fault trees. Thirf -Ommon cause analysis uses
the minimal cutsets as input to the algorithm. Searches are then carried
out through other libraries of information supplied to the routines by
the user to identify those cutsets that have a single cause of failure
for each component.

5.1.2.2 COMCAN1lI-A. The 11-A version of COMCAN presently stands separ-
ately from RAS. Incorporation is forthcoming. A principal advantage of
COMCANII-A is that it allows the common cause analysis to be completed on
a much larger tree without the need for "pruning" and analysis of each
pruned branch.

5.1.2.3 MOCARS. The Monte Carloc sampling program, MOCARS, is a marked
improvement over SAMPLE which was used in the Reactor Safety Study.
MOCARS readily accepts the cutsets as they are prepared in RAS. A Monte
Carlo routine is then used to determine the distribution for the reli-
ability characteristic in quest‘on. Improvements in MOCARS make it read-
ily usable for applications other than fault tree analysis.

5.1.3 Data

5.1.3.1 NRC Data. The data used for the point estimate quantification
as requested by the NRC, is taken from Appendix 111 of NUREG-0611. The
source for that data was primarily wASH-1400(14] ., 1n some cases such
generic data misrepresents equipment actually installed in a specific
plant. Using point estimates masks the plant-to-plant variability as the
primary source of uncertainty in the data as used in WASH-1400. A com-
plete listing of this data source is provided in Table 6.

5.1.3.2 Generic and Plan.-Specific Data. A plant specific data book for
Midland is provided in Appendix D. Here the best available data to des-
cribe the specific equipment in place at Midland is presented. It is
based upon generic data that includes a wide uncertainty band to account
for plant-to-plant variability and where sufficient Midland specific data
is available those generic distributions have been updated to account for
the specific equipment and practices in place at Midland.
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TABLE 6. NRC FAILURE DATA

Events (x 10=9) MTTR Q (Demand) WASH=-1400 Even’
CST1GLOR .0001 360 - PTKCONDF
JOOLAOSF 30. - - JHOO
JOOLBP3F 14, 8 - JFOO
JOOLBPUF 14, 8 - JFOO
JOO1BSSF 14. - - JFOO
JOOLBS6F 14, - - JFOO
JOOLD11F 1.3 2 - JKOO
JOO1D21F 1.2 2 - JKOO
PCVOO0OLD - - 1 x 10-4 PCVO157C
PCV0O013D - - 1 x 10-4 PCVO157C
PCVOO15D - - 1 x 10=4 PCVO142C
PCV0025D -- -~ 1 x 10-4 PCVO142C
PCVO24-D - - 1 x 10=4 -
PCVOT75-D - - 1 x 10~4 -
PCVOT76-D - - 1 x 10-4 -
PCVUS3AD - - 2 x 10-4 PCV0133, 131C
PCVU53BD - - 2 x 10=4 PCVO137, 138C
PLV75A1D - - 1.1 x 10=3 -
PLVTSA2D ~ - 1.1 x 10-3 -
PLV75BLD - - 1.1 x 10-3 -
PLV75B2D - — 1.1 x 10-3 -
PMO105AA - - 4 x 10-3 PST3ACNT
PMO177AA ~ - 6 x 10-3 -
PMOL177BA - - 6 x 10-3 -
PM0O3126C - - 1 x 10~ PMVMS02C
PMO75A1A - - 6 x 10=3 -
PMO75A2A - - 6 x 103 -
PMOTSBLA - - 6 x 10~3 -
PMO75B2A - - 6 x 10=3 -
PMO8931A B - 6 x 10~3 -
PMO89 324 - - 6 x 10-3 -
PMOB933A - - 6 x 10=3 -
PMOB934A - - 6 x 10-3 -
PMV177AD - - l.1 x 10=3 B
PMV177BD - - 1.1 x 10-3 -
PMV3856C - - 1 x 10-4 -
PMVB65AD - - l.1 x 10-3 -
PMV565BD - - 1.1 x 10=3 -
PMVB68AC - - 1 x 104 -
PMVB68BC - - 1 x 10-4 -
PMV8TOAD - - 1.1 x 10-3 -
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' I'ABLE 6. NRC FAILURE DATA (continued)

’
Events (x 10-6) MTTR Q (Demand) WASH-1400 Event
PMV870BD - - 1.1 x 10-3 -
PMV8931D - - 1.1 x 10-3 -
PMVB932D - - 1.1 x 103 -
PMV8933D - - 1.1 x 10-3 B
PMVB934D - - 1.1 x 10-3 -
PPM10SAF - - 1 x 10-3 PPMFW3AA
PPM105BF - - 1 x 10-3 PPMTURBF

® PREA10QSF - - 1 x 10-4 -
PREA209F - - 1 x 104 -

. PREB109F - - 1 x 10-4 -~
PREB209F - - 1 x 104 -
PRE1AQ3F - - 1 x 10-4 -
PRE1AQSF - - 1 x 10-4 -

’ PREIALLF - - 1 x 104 -
PRE1AL2F - - 1 x 10~4 -
PRE1BO3F - - 1 x 10-4 -

. PRE1BOSF - - 1 x 10-4 -
PREIB11F - - 1 x 10-4 -
PRE1B12F - - 1 x 10-4 -
PREL111F - - 1 x 10-4 -
PRE1512X - - 1 x 104 -
PRE1514X - - 1 x 10-4 -
PRE1610F - - 1 x 1074 -
PRE1613F - - 1 x 10-4 -
PSTMOCAF - - 6 x 103 -
PSTMOOBF - - 6 x 1073 -
PSTMOSAF - - 6 x 1073 -
PSTMCSBF - - 6 x 10-3 -
PTB1GOSA - - 4 x 103 -
PXVO01AC - - 1 x 10°4 PXV0168C
PXV001BC - - 1 x 10-4 PXV0153C
PXV0002C - - 1 x 104 -
PXV0004C - - 1 x 10-4 -
PXV0014C - - 1 x 104 -
PXV0017C - - 1 x 1074 -
PXV009A0 - - 5 x 10-4 PXVTESTY
PXV009BO - - 5 x 10-4 PXVTESTY
PXV037-C - - 1 x 10-4 -
PXV278-C - - 1 x 1074 -
PXV279-C - - 1 x 10°4 -

i
1
j
1
4
i
3
1
1

Note: All other events were contained in the events listed above,
therefore, no failure rates were assigned. All data taken from
WASH-1400 or NUREG-0611.
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5.2 RANDOM FAILURES

Random system failures reflect the system malfunctions that occur as
a result of random component failures. The coincident failure of each
component in an AFWS cutset results in a random system failure. This
situation does not include, and should be differentiated from, test and
maintenance, common cause, and independent human errors. The section on
human interaction elaborates on the subject of recovery of the systeia by
repair or operator action.

Table 7 lists all basic events (component failure modes) for the
three designs analyzed. Table 8 presents the dominant cutsets and basic
events for the double crossover design using NRC data and all three
designs using plant specific data for each of the three states of elec-
tric power analyzed.

5.3 TEST AI'D MAINTENANCE

5:3.1 Testing

The Auxiliary Feedwater System (AFWS) and its supporting systems are
tested periodically to satisfy plant technical specification require-
ments. This testing ensures that these systems will be operable when
regquired by various plant conditions. The plant technical specifications
also limit the time that systems, or portions of systems, may be out of
service and identify special testing requirements necessary to ensure
pPlant safety while these out-of-service systems or components are being
repaired.

Plant procedures concerning this technical specification testing were
not yet available for this analysis; therefore, slight differences
between the actual test methods and the general methods discussed in this
section may exist.

5.2.1.1 AFW Pumps. The auxiliary feedwater pumps are tested monthly on
a staggered basis. This test requires that the AFW pump successfully
pass 100% of the required flow through the pump test bypass line at the
required pump discharge head. To develop the required pressure, the
pumps were assumed to be isolated from the AFW system at the level con-
trol valves during this full flow testing. During the test, if the AFWS
is required to operate, the operator at the test bypass valve must close
this valve to allow AFW flow to feed the SGs.

Every 18 months, the auxiliary feedwater pumps are checked to ensure
that they start upon receipt of an Auxiliary Feedwater Actuation Signal;
and that the auxiliary feedwater pumps restart after tripping on high
level in the steam generators when the steam generator water level is
returned to the normal control band.

5.3.1.2 AFW Valves. All manual, power-operated, or automatic valves
that are not locked, sealed, or otherwise secured in position are veri-
fied in the correct position monthly. This test is assumed to be a
visual check rather than a valve cycling check.
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TABLE 7a. FAULT TREE COMPONENT LIST AND FAILURE MODE
BASE CASE

Failure Data

Basic Event Failure Mode Description of Event Appendix D
Page No.
1. PPM1OSAF Fail to operate Pump POSA fails to deliver sufficient water (includes D-8
support equipment).
2. PPM1O5BF Fail to operate Pump PO5B fails to deliver sufficient water (includes D-8
support equipment).
3. PTB1GOSA Fail to start Turbine GOSA fails to start (includes MO3831 and turbine D-28
controls) .
4. JOO1AOSF No output 4,160 V switchgear bus 1AOS fails. D-10
5. JOO1BS55F No output 480 V MCC 1BS55 fails. D-10
6. JOO1BS6F No output 480 VvV MCC 1B56 fails. D-10
w 7. JOOILD11F No output 125 VvDC panel 1D1l1 fails. D-12
~ 8. JOOI1D21F No output 125 VDC panel 1D21 fails. D-12
9. JOO1BP4F No output 480 V power panel 1BPO4 fails. D-10
10. JOO1BP3F No output 480 V power panel 1BPO3 fails. D-10
11. JOO1Y13F No output 120 V instrument panel 1Y1l3 fails. D-10
12. JOOlY1l4F No output 120 V instrument panel 1Y14 fails. D-10
13. JOOl1Y31lF No output 120 V instrument panel 1Y31 fails. D-10
14. JOO1Y32F No output 120 V instrument panel 1Y32 fails. D-10
15. CMUAFLTO Flow lost CST makeup flow lost to condenser hotwell (includes D-5
LV-3834A, LV-3834B, and ball valve VO63).
16. CSTIGLOR Rupture Condensate storage tank ruptures. D-27
17. 1RUPTLOF Flow lost AFW flow lost in main feed system. D-27
18. 1PPSW-AF No flow No supply from service water train A. D-11
19. 1PPSW-BF No flow No supply from service water train B. D-11
20. PLVB75AC Closed Level control valve, LV3875A, fails closed. D=5
21. PLVB875BC Closed Level control valve, LV3875B, fails clcsed. D-5
22. PCVUS3AD Closed Check valves in OTSG A suppiy fail closed (includes CVOO4A D-2
and CVO53A).
23. PCVUS3BD Closed Check valves in OTSG B supply fail closed (includes CVOO4B D-2

and CVO53B).




TABLE 7a (continued)

Failure Data

Basic Event Failure Mode Description of Event Appendix D
Page No.
24. PCVO76-D Closed Check valve OTSG B to AFW turbine fails closed. D-2
25. PCVO75-D Close? Check valve OTSG A to AFW turbine fails closed. D-2
26. PCVOOZAD Close~ Check valve POS5A discharge fails closed. D-2
27. PCVOO2BD Closed Check valve POSB discharge fails closed. D-2
28. PCVO24-D Closed Check valve CST to AFW fails closed. D-2
29. PMV8931D Closed Service water supply valve MO3893A1 fails closed. D-3
30. PMVB8932D Closed Service water supply valve MO3892A2 fails closed. D-3
31. PMVB8933D Closed Service water supply valve MO3893Bl fails closed. D-3
32. PMV8934L Closed Service water supply valve MO3893B2 fails closed. D-3
33. PMVB6GBAC Closed Suction header cross-connect valve MO386BA transfers closed. D-4
w 34. PMV868BBC Closed Suction header cross-connect valve MO3P68B transfers closed. D-4
- 35. PMV177AD Closed OTSG A steam supply to AFW turbine MO3177A fails closed. D-4
36. PMV177BD Closed OTSG B steam supply to APW turbine MO3177B fails closed. D-4
37. PMVB72AC Closed AFW pump discharge cross-connect valve MO3872A transfers D-4
closed.
38. PMV872BC Closed AFW pump discharge cross-connect valve MO3872B transfers D-4
closed.
39. PMVBT70AD Closed Feedwater i1solation valve MO3B70A fails closed. D-4
40. PMVB70BD Closed Feedwater isolation valve MO3870B fails closed. D-4
41. PMVB65AD Closed Feedwater isolation valve MO3865A fails closed. D-4
42. PMVB65BD Closed Feedwater isolation valve MO3865B fails closed D~-4
43, PXV037-C Closed CST isolation valve VO37 transfers closed. D-3
44. PXV278-C Closed Service water train A isolation valve, V278, transfers D-3
closed.
45. PXV279-C Closed Service water train B isolation valve, V279, transfers D-3
closed.
46. PXVOOIAC Closed POSA suction valve, VOOlA, transfers closed. D-4
47. PXVOOl1BC Closed POSB suction valve, VOOlB, transfers closed. D-4
48. PXVOO3AC Closed POSA discharge valve, VOO3A, transfers ciosed. D-4
49. PXVOO3BC Closed PO5B discharge valve, VO93B, transfers closed. D-4
50. PXVOO9A0 Open POSA full flow test valve, VOO9A, transfers open. D=5
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TABLE 7a (continued)

Failure Data

Basic Event Failure Mode Description of Event Appendix D
Page No.
51. PXVOO9BO Open POSB full flow test valve, VOO9B, transfers open. D-5
52. PHVE89-O Open AFW - main feed cross-connect valve HV3889 transfers open. D-5
53. PCNIC560 Open POGG relay 95-1, channel 1C, contacts 5-6, fail open. D-20
54. PCNID120 Open FOGG relay 95-1, channel 1D, contacts 1-2, fail open. D-20
55. PSTMOOAF Fail to operate Valve MO3870A motor operator does not operate (includes: D-25
motor operator, master contactor, 95 relay, FOGG power
fuse, and breaker).
56. PSTMOOBF Fail to operate Valve MO3870B motor operator does not operate (includes: D-25
motor operator, master contactor, 95 relay, FOGG power
fuse, and breaker).
57. PSTCCOAF No signal Valve MO3870A controls fail (includes opening circuit, D-25
closing circuit, and common circuit failures).
58. PSTCCOBF No signal Valve MO3870B cont:ols fa.l (includes opening circuit, D-25
closing circuit, and common circuit failures).
59. PCB15260 Open Breaker 5z-26 in MCC1B55 transfers open. D-13
60. PCBl6260 Open Breaker 52-26 in MCC1BS56 transfers open. D-13
61. PREIAILLF Open AFWAS relay K6ll, channel 1A, tails ogen. D-18
62. PREIBLIF Open AFWAS relay Ké6ll, channel 1B, fails open. D-18
63. PSTMOSAF Fail to operate Valve 3865A motor operator does not operate (includes D-25
motor operator, master contactor, 95-1 relay, FOGG power
fuse, and FOGG power breaker).
64. PSTMOSBF Fail to operate Valve 3865B motor operator does not operate (includes, D-25
motor operator, master contactor, 95-1 relay, FOGG power
fuse, and FOGG power breaker).
65. PSTCCSAF No signal Valve MO3865A controls fail (includes opening circuit, D-26
closing circuit, and common circuit).
66. PSTCCSBF No signal Vvalve MO3865B controls fail (includes opening circuit, D-26
closing circuit, and common circuit).
67. PCNIC120 Open FOGG relay 95-1, channel 1C, contacts 1-2 fail open. D-20
68. PCNLIDS60 Open FOGG relay 95-1, channel 1D, contacts 5-6 fail open. D-20
69. PRELALZF Open AFWAS relay K612, channel 1A, fails open. D-18




TABLE 7a (continued)

Failure Data

Basic Event Failure Mode Description of Event Appendix D
Page No.

70. PRE1B12F Open AFWAS relay K612, channel 1B, fails open. D-18

71. PCClACIE False signal Valve LV3875A closing circevit Cl fails energized. D-25

72. PCClAC2E False signal Valve LV3875A closing circuit C2 fails energized. D-25

73. PCCI1BClE False signal Valve LV3875B closing circuit Cl fails energized. D-25

74. PCCIBC2E False signal Valve LV3875B closing circuit C2 fails energized. D-25

75. PSTSLIAF False signal Valve MO3872A closing circuit fails energized. D-26

76. PSTSLI1BF False signal Valve MO3872B closing circuit fails energized. D-26

77. PRE1l1llF Open AFWAS relay Kl1l11, channel 1A, fails open. D-18

78. PMOl0SAA Fail to start POSA motor fails to start. D-9

79. PSTBRIAF Fail to close POSA motor breaker does not close (includes control power D-25
and closing circuit failures).

3 80. PMO177AA Fail to start Valve MO3177A motor operator does not operate (includes D-7

motor operator and power fuses).

8l1. PMOL77BA Fail to start Valve MO3177B motor operator does not operate (includes D=7
motor operator and power fuses).

82. PRE1512Xx False signal MSLIS relay K512, channel 1B, fails closed, false signal. D-18

83. PRE1S514X False signal MSLIE relay K514, channel 1B, fails closed, false signal. D-18

84. PRE1610F Open AFWAS relay K610, channel 1B, fails open. D-18

85. PRE1613F Open AFWAS relay K613, channel 1B, fails open. D-18

86. PCB17140 Open 1021 circuit breaker 72-14 fails open. D-15

87. PCB17150C Open 1D21 circuit breaker 72-15 fails open. D-15

88. PCCLl77AF Fail to operate Valve MO3177A control circuit fails (includes opening, D-26
circui%, closing circuit, and common circuit).

89. PCCl77BF Fail to operate Valve MO3177B control circuit fails (includes opening D-26
circuit, closing circuit, and common circuit).

90. PMO3126C Closed Valve MO3126 transfers closed (includes control circuit and D-4
valve failure).

91. PSTCS1AC False signal Valve MO3868BA controls provide close signal (includes D-26
false signal).

92. PSTCS1BC False signal Valve MO3868B controls provide close signal (includes D-26

false signal).
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Basic Event

93.

94.

96.
97.

PMV3856C

PMOB934A
PCB11030
PRELBOJF
PSTCCB2F

PMO8933A
PCB11020
PRE1BOSF
PSTCCBI1F

PMOB8932A
PCB21030
PRE1AO3F
PSTCCAZ2F

PMOB93 1A
PCB21020
PRELAOSBF
PSTCCALF

Failure Mode

Closed

Fail to operate
l'ransfer open
pen

No signal

Fail to operate
I'ransfer open
Jpen

NOo signal

Fail to operate
Transfer open
open

NO signail

Fail to

franster open

operate

\)i)ufl

No 1gnal

TABLE 7a (c

mtinued)

Valve MO3856 fails closed (includes
close signal).

Valve MO3893B2 motor operator f
Valve MO3893B2 cvircuit breaker
Valve MO3893B2 AFWAS relay fails
Valve MO3893B2 control circuit
and common circuits).

Valve MO3893Bl1 motor operator
Valve MO3893Bl
Valve MO3893B1 AFWAS relay fai
Valve MO3893B1 control circuit
and common circuits).

Valve MO3893A2 motor

Valve MO3893A2 circuit

Valve MO3893A2 AFWAS

Valve MO3893A2
and common Cir
Valve MO3893A1
Valve MO3B893Al
Valve MO3893Al
Valve MO3893Al

and common <C1r«

Clrcult breaker

ontry

Lnadvert




TABLE 7b. FAULT TREE COMiONENT LIST AND FAILURE MODES
DOUBLE CROSSOVER

Failure Data

Basic Event Failure Mode Description of Event Appendix D
Page No.
1. PPMIOSAF Fail to operate Pump POSA fails to deliver sufficient water (includes D-8
support equipment).
2. PPM1OSBF Fail to operate Pump PO5B fails to deliver sufficient water (includes D-8
support egquipment).
3. PTBLGOSA Fail to start Turbine GOSA fails to start (includes MO3831 and turbine D-28
controls) .
4. JOOLlAOSF No output 4,160 V switchgear bus 1AO5 fails. D-10
5. JOO1B5SF No output 480 V MCC 1BS5S5 fails. D-10
6. JOO1BS6F No oui .t 480 V MCC 1BSe6 fails. D-10
7. JOOILID11F No outpat 125 vDC panel 1D11 fails. D-12
& 8. JOOLD21F No output 125 VDC panel 1D21 fails. D-12
™ 9. JOOLBP4F No outpul 480 V power panel 1BPO4 fails. D-10
10. JOO1BP3F No output 480 V power panel 1BPO3 fails. D-10
11. JOOlYliF No output 120 V instrument panel 1Yll fails. D-10
12. JOO1lY12F No output 120 V instruaent panel 1Y12 fails. D-10
13. JOOl1Y13F No output 120 V instrument panel 1Y13 fails. D-10
14. J00l1Y1l4F No output 120 V instrument panel 1Y14 fails. C~10
15. JOOlY31lF No output 120 V instrument panel 1Y31 fails. D-10
16. JOOlY32F No output 120 V instrument panel 1Y32 fails. D-10
17. CMUAF1TO Flow lost CST makeup flow lost to condenser hotwell (includes D-5
LV-3834A, LV-3834B, and ball valve VO63).
18. CSTIGLOR Rupture Condensate storage tank ruptures. D-27
19. 1RUPTLOF Flow lost AFW flow lost in main feed system. D-27
20. 1PPSW-AF No flow No supply from service water train A. D-11
2l. 1PPSW-BF No flow No supply from service water train B. D-11
22. PLV7S5A1D Closed Level control valve, LV3875Al1, fails closed (mechanical D-5
failure).
23. PLV75A2D Closed Level control valve, LV3875A2, fails closed (mechanical D-5
failure).
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TABLE 7b (continued)

Failure Data

Basic Event Failure Mode Description of Event Appendix D
Page No.
24. PLV75B1D Closed Level control valve, LV3875Bl1, fails closed (mechanical D-5
failure).
25. PLV75B2D Closed Level control valve, LV3875B2, fails closed (mechanical D-5
failure).
26. PCVUS3AD Closed Check valves in OT3G A supply fail closed (includes CVOO4A D=2
and ( 053A).
27. PCVUS3BD Closed Check valves in OTSG B supply fail closed (incluaes CVOO4B D-2
and CVOS53B).
28. PCVO76-D Closed Check valve, OTSG B to AFW turbine, fails closed. D=2
29. PCVO75-D Closed Check valve, OTSG A to AFW turbine, fails closed. D-2
30. PCV0001D Closed Check valve, outlet of LV3875Al1, fails closed. D-2
S 31. PCV0013D Closed Check valve, outlet of LV3875A2, fails closed. D-2
32. PCV0015D Closed Check valve, outlet of LV3B875Bl1, fails closed. D-2
33. PCV0025D Closed Check valve, outlet of LV3IB875B2, fails closed. D-2
34. PCVO24-D Closed Check valve, CST to AFW, fails closed. D-2
35. PMV8931D Closed Service water supply valve, MO3893Al1, fails closed. D-3
36. PMV8932D Closed Service water supply valve, MO3893A2, fails closed. D-3
17. PMVB933D Closed Service water supply valve, MO3893Bl, fails closed. D-3
38. PMVB934D Closed Service water supply valve, MO3893B2, fails closed. D-3
39. PMVB6BAC Closed Suction header cross-connect valve, MO31868BA, transfers D-4
closed.
40. PMV868BC Closed Suction header cross-connect valve, MO3868B, transfers D-4
closed.
41. PMV177AD Closed OTSG A steam supply to AFW turbine, MO3177A, fails closed. D-4
42. PMV177BD Closed OTSG B steam supply to AFW turbine, MO3177B, fails closed. D-4
43. PMVBT70AD Closed Feedwater isolation valve. MO3870A, fails closed. D-4
44. PMVBTOBD Closed Feedwater isolation valve, MO3870B, fails closed. D-4
45. PMVB65AD Closed Feedwater isolation valve, MO3865A, fails closed. D-4
46. PMVB65BD Closed Feedwater isolation valve, MO3865B, fails closed. D-4

47. PXVO37-7 Closed CST isolation valve, V037, transfers closed. D-3




TABLE 7b (continued)

Failure Data

Basic Event Failure Mode Description of Event Appendix D
Page No.
48. PXV278-C Closed Service water train A isolation valve, V278, transfers D-3
closed.
49. PXV279-C Closed Service water train B isolation valve, V279, transfers D-3
closed.
50. PXVOOLAC Closed POSA suction valve, VOOlA, transfers closed. C-4
51. PXVOO1BC Closed POSB suction valve, VOOlB, transfers closed. D-4
52. PXv0o002C Closed Cutlet valve, LV3875B2, transfers closed. D-4
53. PXVv0004C Closed Outlet valve, LV3875Al1, transfers closed. D-4
54. PXV0014C Closed Outlet valve, LV3875A2, transfers closed. D-4
55. PXV0017C Closed Outlet valve, LV3875B1, transfers closed. D-4
& 56. PXVOO9A0 Open POSA full flow test valve, VOO9A, transfers open. D-5
- 57. PXVOO9BO Open PO5SB full flow test valve, VOO9B, transfers open. D-5
58. PHVB89-0 Open AFW - main feed cross-connect valve, HV3889, transfers open. D-5
59. PCNICS60 Open POGG relay 95-1, chanrel 1C, contacts 5-6, fail open. D-20
60. PCNID120 Open PFOGG relay 95-1, channel 1D, contacts 1-2, fail open. D-20
61. PSTMOOAF Fail to operate Valve MO3870A motor operator does not operate (includes: D-25
motor operator, master contactor, 95 relay, FOGG power fuse,
and breaker).
62. PSTMOOBF Fail to operate Valve MO3870B motor operator does not operate (includes: D-25
motor operator, master contactor, 95 relay, FOGG power fuse,
and breaker).
63. PSTCCOAF No signal Valve MO3870A controls fail (includes opening circuit, D-26
closing circuit, and common circuit failures).
64. PSTCCOBF No signal Valve MO3870B controls fail (includes opening circuit, D-26
closing circuit, and common circuit failures).
65. PCB15260 Open Breaker 52-26 in MCC1BS5S transfers open. D-13
66. PCB16260 Open Breaker 52-26 in MCC1BS56 transfers open. D-13
67. PRE1AlLF Open AFWAS relay K611, channel 1A, faile open. D-18
68. PREIBILIF Open AFWAS relay K6ll, channel 1B, fails open. D-18
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TABLE 7b (continued)

Failure Data

Basic Event Failure Mode Description of Eveat Appendix D
Page No.
69. PSTMOSAF Fail to operate Valve 3865A motor operator does not operate (includes D-25

motor operator, master contactor, 95-1 relay, FOGG power
fuse, and FOGG power breaker).
70. PSTMOSBF Fail to operate Valve 3865B motor operator does not operate (includes, D-25
motor operator, master contactor, 95-1 relay, FOGG power
fuse, and POGG power breaker).

71. PSTCCSAF No signal Valve MO3865A controls fail (includes opening circuit, D-26
closing circuit, and common circuit).

72. PSTCCSBF No signal Valve MO3865B controls fail (includes openi~g circuit, D-26
closing circuit, and common circuit).

73. PCNICl120 Open FOGG relay 95-1 channel 1C contacts 1-2 fail open. D-20

& 74. PCN1DS60 Open FOGG relay 95-1 channel 1D contacts 5-6 fail open. D-20

75. PRE1Al12FP Open AFWAS relay, K612 channel 1A, fails open. D-18

76. PRE1B12FP Open AFWAS relay, K612 channel 1B, fails open. D-18

77. PREL111l1lF Open AFWAS relay, K111l channel 1A, fails open. D-18

78. PMOl05AA Fail to start POSA motor fails to start. D-9

79. PSTBRI1AF Fail to close POSA motor breaker does not closz (includes control power D-25
and closing circuit failures).

80. ¥MOLl77AA Fail to start Valve MO3177A motor operator does not operate (includes D-7
motor operator and power fuses).

81. PMOl177BA Fail to start Valve MO3177B motor operator does not operate (includes D-7
motor operator and power fuses).

82. PRE1512X False signal MSLIS relay K512, channel 1B, fails closed, false signal. D-18

83. PRE1514X False signal MSLIS relay K514, channel 1B, fails closed, false signal. D-18

84. PREL1610F Open AFWAS relay K610, channel 1B, fails open. D-18

85. PRE1613F Open AFWAS relay K613, channel 1B, fails open. D-18

86. PCB17140 Open 1D21 circuit breaker 72-14 fails open. D-15

87. PCB17150 Open 1D21 circuit breaker 72-15 fails open. D-15

88. PCCLl77AF Fail to operate Valve MO3177A control circuit fails (inc’udes opening, D-26
circuit, closing circuit, and common circuit).

89. PCCl177BF Fail to operate Valve MO3177B control circuit fails (includes opening D-26

circuit, closing circuit, and common circuit).




TABLE 7b (continued)

Failure Data

Basic Event Failure Mode Description of Event Appendix D
Page No.
90. PMO3126C Closed Valve MO3126 fails closed (includes control circuit and D-4
valve failure).
91. PSTCS1AC False signal Valve MO386BA controls provide close signal (includes D-26
false signal).
92. PSTCS1BC False signal Valve MO3868B controls provide close signal (includes D-26
false signal).
93. PMV3856C Closed Valve MO3856 fails closed (includes inadvertent close D-4
signal).
94. PMOB934A Fail to operate Valve MO3893B2 motor operator fails to operate. D-6
95. PCB1l1C30 Transfer open Valve MO3893B2 circuit breaker opens. D-13
96. PREL1BO3F Open Valve MO3893B2 AFWAS reiay fails open. D-18
& 97. PSTCCB2F No signal Valve MO3893B2 control circuit fails (includes open, close, D-25
and common circuits).
98. PMO8933A Fail to operate Valve MO3893Bl1 motor operator fails to operate. D-6
99. PCB11020 Transfer open Valve MO3893Bl circuit breaker opens. D-13
100. PRE1BOSF Open Valve MO3893B1 AFWAS relay fails open. D-18
101. PSTCCBIF No signal Valve MO3893Bl1 control circuit fails (includes open, close, D-25
and common circuits).
102. PMOB932A Fail to operate Valve MO3893A2 motor operator fails to operate. D-6
103. PCB21030 Transfer open Valve MO3893A2 circuit breaker opens. D-13
104. PREIAO3F Open Valve MO3893A2 AFWAS relay fails open. D-18
105. PSTCCA2F No signal Valve MO3893A2 control circuit fails (includes open, close, D-25
and common circuits).
106. PMOB931A Fail to operate Valve MO3893A1 motor operator fails to operate. D-6
107. PCB21020 Transfer open Valve MO3893Al1 circuit breaker opens. =13
108. PREIAOSF Open Valve MO3893A1 AFWAS relay fails open. D-18
109. PSTCCALF No signal Valve MO3893A1 control circuit fails (includes open, close, D-25
and common circuits).
110. POOCCAlX No signal Valve LV3875Al1 control circuit fails (includes open, close, D-25
and common circuits).
LS -
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TABLE 7b (continued)

Failure Data

Basic Event Failure Mode Description of Event Appendix D
Page No.

111. POOCCA2X No signal Valve LV3875A2 control circuit fails (includes open, D-25
close, and common circuits).

112. POOCCBI1X No signal Valve LV3875Bl1 contro) circuit fails (includes open, D-25
close, and common circuits).

113. POOCCB2X No signal Valve LV3875B2 control circuit fails (includes open, D-25
close, and common circuits).

114. PRELAOLF Open Valve LV3875A1 AFWAS relay fails open. D-18

115. PRE1AO2F Open Valve LV3875A2 AFWAS relay fails open. D-18

116. PRE1BO1FP Open Valve LV3875B1 AFWAS relay fails open. D-19

117. PRE1BO2F Open Valve LV3875B2 AFWAS relay fails open. D-18

118. PCB16200 Open Valve LV3875Al1 circuit breaker opens. D-13

e 119. PCB16210 Open Valve LV3875A2 circuit breaker opens. D-13

120. PCB17200 Open Valve LV3875Bl1 circuit breaker opens. D-13

121. PCB17210 Open Valve LV3875B2 circuit breaker opens. D-13




TABLE 7c. FAULT TREE EVENTS AND FAILURE MODES
THREE PUMP

Failure Data

Basic Event Failure Mode Description of Event Appendix D
Page No.
1. PPM1OSAF Fail to operate Pump POSA fails to deliver sufficient water (includes D-8
support equipment).
2. PPM10OSBF Fail to operate Pump PO5B fails to deliver sufficient water (includes D-8
support equipment).
3. PPM10O5SCF Fail to operate Pump POSC fails to deliver sufficient water (includes D-8
support equipment).
4. PTB1GOSA Fail to start Turbine GOSA fails to start (includes MO3831 and turbine D-28
controls).
5. JOOlAOSF No output 4,160 V switchgear bus 1A05 fails. D-10
6. JOO1AO6F No output 4,160 V switchgear bus 1AO6 fails. D~10
% 7. JOOLBSSF No output 480 V MCC 1BS55 fails. D-10
8. JOOLBS6F No output 480 V MCC 1BS56 fails. D-10
9. JOOIDI1LF No output 125 VvDC panel 1D11 fails. D-12
10. JOO1D21F No output 125 VDC panel 1D21 fails. D-12
11. JOOL1BP4F No output 480 V power panel 1BPO4 fails. D-10
12. JOOLBP3F No output 480 V power panel 1BPO3 fails. D-10
13. JOOlY1l3F No output 120 V instrument panel 1Y13 fails. D-10
14. JOOLlY1l4F No output 120 V instrument panel 1Y1l4 fails. D-10
15. JOOlY31lF No output 120 V instrument panel 1Y31l fails. D-10
16. JOO1Y32F No output 120 V instrument panel 1Y32 fails. D-10
17. CMUAFLITO Flow lost CST makeup flow lost to condenser hotwell (includes D-5
LV-3834A, LV-3834B, and ball valve V063).
18. CST1GLOR Rupture Condensate storage tank ruptures. D-27
19. 1RUPTLOF Flow lost AFW flow lost in main feed system. D-27
20. 1PPSW-AF No flow No supply from service water train A. D-11
21. 1PPSW-BF No flow No supply from service water train B. D-11
22. PLVI5Al1C Closed Level control valve LV3875A1 fails closed. D-5
23. PLVI5A2C Closed Level control valve LV3875A2 fails closed. D-5
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TABLE 7c¢ (continued)

Failure Data

Basic Event Failure Mode Description of Event Appendix D
Page No.
24. PLVISBIC Closed Level control valve LV3875B1 fails closed. D-5
25. PLVISB2C Closed Level control valve LV3875B2 fails closed. D-5
26. PCVUS3AD Closed Check valves in OTSG A supply fail closed (includes CVOO4A b-2
and CVOS53A).
27. PCVU53BD Closed Check valves in OTSG B supply fail closed (includes CVOO4B D-2
and CVO53B).
28, PCVO76-D Closed Check vaive OTSG B to AFW turbine fails closed. D-2
29. PCVO75-D Closed Check valve OTSG A to AFW turbine fails closed. D-2
30. PCVOO2AD Closed Check valve POSA discharge fails closed. D-2
31. PCVOO2BD Closed Check valve PO5B discharge fails closed. D-2
32. PCVOO2CD Closed Check valve POSC discharge fails closed. D-2
33. PCVO30AD Closed Check valve LV3875Al1 outlet to OTSG ESIA fails closed. D-2
34. PCVO30BD Closed Check valve LV3875B1 outlet to OTSG E51B fails closed. D-2
35. PCVO31AD Closed Check valve LV3875A2 outlet to OTSG ES1A fails closed. D-2
36. PCVO31BD Closed Check valve LV3875B2 outlet to OTSG ES1B fails closed. D-2
37. PCVO32AD Closed Check valve condensate supply to POSA fails closed. D-2
38. PCVO32BD Closed Check valve condensate supply to POSB fails closed. D-2
39. PCVO32CD Closea Check valve condensate supply to POSC fails closed. D-2
40. PCVO34AD Closed Check valve service water supply to POSA fails closed. D-2
41. PCVO34BD Closed Check valve service water supply to PO5SB fails closed. D-2
42. PCVO3IS5AD Closed Check valve service water supply to POSC fails closed. D-2
43. PCVO35BD Closed Check valve service water supply to POSB fails closed. D-2
44. PCVO24-D Closed Check valve CST to AFW fails closed. D-2
45. PHVO20AC Closed Pressure control valve, PCVO20A, fails closed. D-5
46. PHVO20BC Closed Pressure control valve, PCVO20B, fails closed. D-5
47. PHVE89-0 Open AFW main feed cross-connect valve, V3889, transfers open. D-5
48. PMV177AD Closed OTSG A steam supply to AFW turbine, MO3177A, fails closed. D-4
49. PMV177BD Closed OTSG B steam supply to AFW turbine, MO3177B, fails closed. D~-4
50. PMVBT70AD Closed Feedwater isolation valve, MO3B70A, fails closed. D-4
51. PMVB7GBD Closed Feedwater isolation valve, MO3870B, fails closed. D-4
52. PMVB865AD Closed Feedwater isolation valve, MO3865A, fails closed. D-4




TABLE 7c (continued)

Failure Data

Basic Event Failure Mode Description of Event Appendix D
Page No.
53. PMVB865BD Closed Feedwater isolation valve, MO3865B, fails closed. D-4
54. PXV037-C Closed CST isolation valve, V037, transfers closed. D-3
55. PXv278-C Closed Service water train A isolation valve, V278, transfers D-3
closed.
56. PXV279-C Closea Service water train B isolation valve, V279, transfers D-3
closed.
57. PXVOOlAC Closed POSA suction valve, VOOlA, transfers closed. D-4
58. PXVOOL1BC Closed POSB suction valve, VOOlB, transfers closed. D-4
59. PXV0OOICC Closed POSC suction valve, VOOlC, transfers closed. D-4
60. PXVOO3AC Closed POSA discharge valve, VOO3A, transfers closed. D-4
6l. PXVOO3BC Closed POSB discharge valve, VOO3B, transfers closed. D-4
3 62. PXV0O03CC Closed POSC discharge valve, V0O3C, transfers closed. D-4

63. PXVOO9SA0 Open PO5A full flow test valve, VOO9A, transfers open. D-5
64. PXVOO9BO Open POSB full flow test valve, VOO9B, transfers open. D-5
65. PXVO09CO Open PO5SC full flow test valve, VOO9C, transfers open. D-5
66. PMV93AlD Closed Service water supply valve, MO3893Al1, fails closed. D-3
67. PMV93A2D Closed Service water supply valve, MO3893A2, fails closed. D-3
68. PHMVI3A3D Closed Service water supply valve, MO3893A3, fails closed. D-3
69. PMV93A4D Closed Service water supply valve, MO3893A4, fails closed. D-3
70. PMV93B1D Closed Service water supply valve, MO3893Bl, fails closed. D-3
71. PMV93B2D Closed Service water supply valve, MO3893B2, fails closed. D-3
72. PMV93B3D Closed Service water supply valve, MO3893B3, fails closed. D-3
73. PMV93B4D Closed Service water supply valve, MO3893B4, fails closed. D-3
74. PCVO24-D Closed Check valve CST to AFW fails closed. D-3
75. PCNI1C560 Open FOGG relay 95-1, channel 1C, contacts 5-6, fail open. D-20
76. PCNI1ID120 Open FOGG relay 95-1, channel 1D, contacts 1-2, fail open. D-20
77. PSTMOOAF Fail to operate Valve MO3870A motor operator does not operate (includes: D-25

motor operator, master contactor, 95 relay, FOGG power
fuse, and breaker).
78. PSTMOOBF Fail to operate Valve MO3870B motor operator does not operate (includes: D-25
motor operator, master contactor, 95 relay, FOGG power
fuse, and breaker).
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TABLE 7c¢ (continued)
Failure Data
Basic Event Failure Mode Description of Event Appendix D
Page No.
79. PSTCCOAF No signal Valve MO3B70A controls fail (includes opening circuit, D-25
closing circuit, and common circuit failures).
80. PSTCCOBF No signal Valve MO3870B controls fail (includes opening circuit, D-25
closing circuit, and common circuit failures).
8l1. PCB15260 Open Breaker 52-26 in MCC1B55 transfers open. D-13
82. PCB16260 Open Breaker 52-.6 in MCClB56 transfers open. D-13
83. PRELAILLF Open AFWAS relay K611, channel 1A, fails open. D-18
84. PREI1BLIF Open AFWAS relay K611, channel 1B, fails open. D-18
85. PSTMOSAF Fail to operate Valve 3865A motor Jperator does not operate (includes D-25
motor operator, master contactor, 95-1 relay, FOGG power
fuse, and FOGG power breaker).
86. PSTMOS5BF Fail to operate Valve 3865B motor operator does not operate (includes, D-25
motor operatoi, master contactor, 95-1 relay, FOGG power
fuse, and FOGG power breaker).
87. PSTCCSAF No signal Valve MO3865A controls fail (includes opening circuit, D-26
closing circuit, and common circuit).
88. PSTCCSBF No signal Valve MO3865B controls fail (includes opening circuit, D-26
closing circuit, and common circuit).
89. PCNI1Cl120 Open FOGG relay 95-1, channel 1C, contacts 1-2 fail open. D-20
90. PCNI1D560 Open FOGG relay 95-1, channel 1D, contacts 5-6 fail open. D-20
91. PRE1Al2F Open AFWAS relay K612, channel 1A, fails open. D-18
92. PRE1B12F Open AFWAS relay K612, channel 1B, fails open. D-18
93. PREI11llF Open AFWAS relay K1111, channel 1A, fails open. D-18
94. PRE1112F Open AFWAS relay K1112, channel 1B, fails open. D-18
95. PMOlO5SAA Fail to start POSA motor fails to start. D-9
96. PMOl10OSCA Fail to start POSC motor fails to start. D-9
97. PSTBRIAF Fail to close POS5A motor breaker does not close (includes control power D-25
and closing circuit failures).
98. PSTBRI1BF Fail to close POSC motor breaker does not close (includes control power D-25




TABLE 7¢ (continued)
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99. PMO177AA Fail to start Valve MO3177A motor operator does not operate (includes D~7
motor operator and power fuses).
100. PMO177BA Fail to start Valve MO3177B motor operator does not operate (includes D-7
motor operator and power fuses).
101. PRE1512X False signal MSLIS relay K512, channel 1A, fails closed, false signal. D-18
102. PRE1514X False signal MSLIS relay K514, channel 18, fails closed, false signal. D-18
103. PRE1610F Open AFWAS relay K610, channel 1A, fails open. D-18
164. PRE1613F Open AFWAS relay K613, channel 1B, fails open. D-18
105. PCB17140 Open 1D11 circuit breaker 72-14 fails open. D-15
106. PCB17150 Open 1D21 circuit breaker 72-15 fails open. D-15
W 107. PCC177AF Fail to operate Valve MO3177A control circuit fails (includes opening, D-26
- circuit, closing circuit, and common circuit).
108. PCC177BF Fail to operate Valve MO3177B control circuit fails (includes opening D-26
circuit, closing circuit, and common circuit).
109. PMO3126C Closed Valve MO3126 fails closed (includes control circuit and D-4
valve failure).
110. PMV3B56C Closed Valve MO3856 fails closed (includes inadvertent close D-4
signal).
111. PMO93Al1A Fail to operate Valve MO3893A1 motor operator fails to operate. D-o6
112. PMO93A2A Fail to operate Valve MO3893A2 motor operator fails to operate. D-6
113. PMOS3A3A Fail to operate Valve MO3893A3 motor operator fails to operate. D-6
114. PMO93A4A Fail to operate Valve MO3893A4 motor operator fails to operate. D-6
115. PMO93BIlA Fail to operate Valve MO3893B1 motor operator fails to operate. D-6
116. PMO93B2A Fail to operate Valve MO3893B2 motor operator fails to operate. D-6
117. PMO93B3A Fail to operate Valve MO3893B3 motor operator fails to operate. D-7
118. PMO93B4A Fail to operate Valve MO3893B4 motor operator fails to operate. D-8
119. PCB93Al0 Transfer open Valve MO3893Al1 circuit breaker opens. D-13
120. PCB93A20 Transfer open Valve MO3893A2 circuit breaker opens. D-13
121. PCB93A30 Transfer open Valve MO3893A3 circuit breaker opens. D-13
122. PCB93A40 Transfer open Valve MO3893A4 circuit breaker opens. D-13
123. PCB93B1O Transfer open Valve MO3893Bl1 circuit breaker opens. D~-13

Y, NN gy R g EN, S my,EE gy BN S Em, PN Wy Ng, W Y



A em M % =%Yh ol A Y =% % e M

TABLE 7¢ (continued)

Failure Data

Basic Event Failure Mode Dascription of Event Appendix D
Page No.
124. PCB93B20 Transfer open Valve MO3893B2 circuit breaker opens. D-13
125. PCB93B30 Transfer open Valve MO3893B3 circuit breaker opens. D-13
126. PCB93B40O Transfer open Valve MO3893B4 circuit breaker opens. D-13
127. PREA30O1F Open Valve MO3893A1 AFWAS relay fails open. D-18
128. PREA302F Open Valve MO3893A2 AFWAS relay fails open. D-18
129. PREABOILF Open Valve MO3893A3 AFWAS relay fails open. D-18
130. PREABO2F Open Valve MO3893A4 AFWAS relay fails open. D-18
131. PREB301F Open Valve MO3893B1 AFWAS relay fails open. D-18
132. PREB302F Open Valve MO3893B2 AFWAS relay fails open. D-18
133. PREBS01F Open Valve MO2893B3 AFWAS relay fails open. D-18
134. PREBS02F Open Valve MO3893B4 AFWAS relay fails open. D-18
@ 135. PSTCCALD No signal Valve MO3893Al1 control circuit fails (includes open, D-25
close, and common circuits).
136. PSTCCA2D No signal Valve MO3893A2 control circuit fails (includes open, D-25
close, and common circuits).
137. PSTCCA3D No signal Valve MO3893A3 control circuit fails (includes open, D-25
close, and commHon circuits,
138. PSTCCA4D No signal Valve MO3893A4 control circuit fails (includes open, D-25
close, and common circuits).
139. PSTCCB1D No signal Valve MO3893Bl1 control circuit fails (includes open, D~25
close, and common circuits).
140. PSTCCB2D No signal Valve MO3893B2 control circuit fails (includes open, D-25
close, and common circuits).
141. PSTCCB3D No signal Valve MO3893B3 control circuit fails (includes open, D-25
close, and common circuits).
142. PSTCCB4D No siynal Valve MO3893B4 control circuit fails (includes open, D-25
close, and common circuits).
143. POOCCALX False signal Valve LV3875Al1 transfers closed due to control faults. D25
144, POOCCA2X False signal Valve LV3875A2 transfers closed due to crntrol faults. D-25
145. POOCCEB1X False signal Valve LV3875Bl1 transfers closed due to control faults. D-25

146. POOCCB2X False signal Valve LV3875B2 transfers closed due to control faults. D-25
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TABLE 8.A.2. Loss of Main Feedwater Due to Loss of Offsite Power -
Double Crossover (NRC Data) - Failure to Start on Demand

Cutset Cataet
Rank Cutsets Unavailability Cumulative
Importance
Importance
1 PTB1GOSA, JOOlAOSF 1.5 x 10‘“ 58.8 58.8
2 PPM105BF, JOOlAOSF 3.7 x 10'5 14.7 73.5
3 PXVO09BO, JOOlAOSF 1.8 x 10-5 7.3 80.8
4 PTBIGOSA, PMO105AA 1.6 x 10-° 6.4 87.2
5 PTB1GOSA, PPM10OSAF 4.0 x 10'6 1.6 88.8
6 PPM10SBF, PMO10SAA 4.0 x 10-6 1.6 90.3
wn
" Basic Events
Rank Basic Event Description Unavailability Importance
1 JOO1AOSF 4,160V switchgear bus 1A05 2.2 x 10-% 86.5
fails
2 PTB1GOSA Turbine GOSA fails tc start 1.7 x 10~4 67.9
{and controls)
3 PPM105BF POSB fails to deliver suf- 4.3 x 10~ 17.0
ficient water
4 PMO105AA PO5A motor fails to start 2.3 x 10™° 9.2
5 PXV009BO POSB full flow test valve 2.1 x 10~ 8.5
transfers open
6 PPM105AF POS5A fails to deliver suf- 5.8 x 10'6 2.3

ficient water




TABLE 8.A.3. Loss of All AC - Double Crossover (NRC Data) -
Failure to Start on Demand

Cutset

N, Wy, NE gy NN P Em,PE Emum Ny, Em Py

Rank Cutsets Unavailability x“;::§:;ce Cumulative
Importance
1 PTB1GOSA 4.0 x 10-3 62.7 62.7
2 PPM1OSBF 1.0 x 10°3 15.7 8.4
3 PXV009BO 5.0 x 10-4 7.8 86.2
4 PXV001BC 1.0 x 104 1.6 87.8
5 PMO1126C 1.0 x 10-4 1.6 89.4
5 PMYB6BBC 1.0 x 10°4 1.6 91.0
7 PMV3IB56C 1.0 x 10~4 1.6 92.5
- PXV037-C 1.0 x 10~4 1.6 94.1
9 PCV024-D 1.0 x 10~4 1.6 95.7
Basic Events
Rank Basic Event Description Unavalilability Importance
1 PTBIGOSA Jurbine GOSA fails to start 4.0 x 10-3 62.7
(and controls)
2 PPMLOSBF P058 fails to deliver suf- 1.0 x 10-3 15.7
ficient water
3 PXV0098B0O PO5B full flow test valve 5.0 x 10~4 7.8
transfers open
o PMVB68BC Suction header cross-zonnect 1.0 x 10-¢ 1.6
valve transfers closed
S PMO3126C Valve MO3126 transfers closed 1.0 x 10~4 1.6
6 PMV3856C Valve MO3856 transfers closed 1.0 x 10-4 1.6
7 PXV037-C CST isolation valve trans- 1.0 x 10°4 1.6
fers closed
8 PCV024-D CST check valve fails closed 1.0 x 10-4 1.6
9 PXVOO01BC PO5B suction valve transfers 1.0 x 10~4 1.6
closed
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TABLE 8.B.1. Loss of Main Feedwater - Double Crossover
Failure to Start on Demand

Cutset Cutset
Rank Cutsets Unavailability Cumulative
Importance
Importance
1 PTB1GOS5A, PPMI10OSAF 3.3 x 10-5 46.5 46.5
2 PPM105BF, PPM105AF 1.5 x 10-2 20.7 67.2
3 PTB1GOSA, PMOl05AA 5.8 x 10-6 8.2 75.4
4 PTB1GO5A, PSTBRI1AF 3.5 x 10'6 4.9 80.4
5 PPMLOSBF, PMO10SAA 2.6 x 10-6 3.7 84.0
6 PPM105BF, PSTBRIAF 1.6 x 10'6 2.2 86.2
7 PTB1GOSA, PRE11l1l1lF 1.5 x 10'6 2.2 88.4
8 PTB1GOSA, JOO1lAOSF 12 % 10'6 1.7 90.1
un
~J
Basic Events
Rank Basic Event Description Unavailability Importance
1 PPM105AF POSA fails to deliver suf- 5.1 x 10~2 69.4
ficient water
2 PTB1GOSA Turbine GOSA fails to start 4.9 x 10-° 66 .6
(and controls)
3 PPM10SBF PO5B fails to deliver suf- 2.2 x 10-5 29.7
ficient water
Y PMO105SAA POSA motor fails to start 9.0 x 10-6 12.3
5 PSTBR1AF POSA motor breaker does not 5.4 x 10-6 7.4
close )
6 PREL1111lF AFWAS relay K1111 fails open 2.4 x 10-° , P
7 JOO1A0SF 4,160V bus 1A05 fails to 1.9 x 10°6 2.6

sSupply power
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TABLE 8.B.2. Loss of Main Feedwater Due to Loss of Offsite Power -
Double Crossover - Failure to Start on Demand

Cutast Cutset
Rank Cutsets Unavailability Cumulative
Importance ;
Importance
1 PTB1GOS5A, JOOlAOSF 3.9 x 10‘9 59.1 59.1
z PPM105BF, JOOLlAOSF 1.8 x 10~ 26.4 85.4
3 PTB1GOS5A, PPM105AF 3.3 x 10~° 4.9 90 .4
Basic Events
4
Rank Basic Event Description Unavailability Importance
1 JOO1AOSF 4,160V switchgear bus 1405 6.3 x 10~ 59 .7
fails
2 PTB1GOSA Turbine GOSA fails to start 4.4 x 109 65.9
(and controls)
3 PPM10SBF POSB fails to deliver suf- 2.0 x 10-% 29.4
ficient water
4 PPMLOSAF POSA fails to deliver suf- 5.1 x 10=2 7.3

ficient water
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TABLE 8.B.3. Loss of Main Feedwater Due to Loss of All AC -
Double Crossover - Failure to Start on Demand

Cutset Cutset
Rank Cutsets Unavailability s Cumulative

Importance
P Importance

1 PTB1GO5A

1.1 63.4 63.4
PPM10SBF 4.7

-3 28.3 91.7

N

Basic Events

Rank Basic Event Description Unavailability Importance

1 PTB1GOSA Turbine GOSA fails to start 1.1 x 10~¢ 63.4
(and controls)
2 PPM105BF PO5B fails to deliver suf- 4.7 x 10~3 28.3

ficient water




TABLE 8.C.1l. Loss of Main Feedwater - Base Case -
Failure to Start on Demand
Cutset Cutset
Rank Cutsets Unavailability Impor tance Cumulative
s Importance
1 PPMLOSAF, PTBLIGOSA 3.3 x 102 44.8 44.8
2 PPMLOSAF, PPM10SBF 1.5 x 10°% 20.0 64.5
3 PMOL0SAA, PTBLGOSA 5.8 x 108 7.9 187
4 PSTBRIAF, PTBLGOSA 3.5 x 10°% 4.8 7.4
5 PMOLOSAA, PPM10SBF 2.6 x 10°9 3.5 81.0
6 PSTBRLAF, PPMLOSBF 1.6 x 10°® 2.1 83.1
7 PRELLLLF, PTBLGOSA 1.5 x 10°6 2.1 85.2
- JOOLAQSF, PTBLGOSA 1.2 x 10°6 s’ 86.9
3 PXVOO3AC, PTBLGOSA 1.2 x 106 1.6 88.5
10 PCVOO2AD, PTBLGOSA 1.1 x 10°8 1.5 89,9
11 PPM10SAF, PXV001BC 8.9 x 1077 ke 2 91.1
Basic Events
Rank Besic Event Description Unavailability Importance
1 PPM10SAF POSA fails to deliver suf- 4.9 x 10-5 67.5
ficient water
2 PTBLGOSA Turbine GOS5A fails to start 4.8 x 10-3 65.8
(and controls)
3 PPM1OSBF POSB fails to deliver suf- 2.1 x 10°9% 29.4
ficient water 4
4 PMO10SAA POSA motor fails to start 8.7 x 10°° 12.0
- PSTBRIAF POSA motor breaker does 5.2 x 10°6 7.2
not close
6 PREILLLF AFWAS relay K111l fails open 2.3 x 10°5 3.2
7 JOOLAQSP 4,160V switchgear bus 1A05 1.8 x 10~® 2.
fails
3 PXVO03AC POSA discharge valve trans- 1.7 x 10-6 2.4
fers closed
9 PCVO02AD Check valve POSA discharge 1.6 x 10°° 2.2
fails closed
10 PXV003IBC POSB discharge valve trans- 1.3 x 10°6 1.8
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TABLE 8.C.2. Loss of Main Feedwa.er Due to Loss of Offsite Power -
Base Case -Failure to Start on Demand

Cutset Cutset
Rank Cutsets Unavailability Cumulative
Importance -
Importance
1 JOO1lAOSF, PTB1GO5A 3.9 x 104 59.1 59.1
2 JOO1A0SF, PPM1OSBF 1.7 x 10~% 26.4 85.5
3 PPM105AF, PTB1GOSA 33 X 10'5 4.9 90 .4
4 PPM10OSAF, PPM10SBF 1.4 x 10°5 2.2 92.6
Basic Events
Rank Basic Event Description Unavailability Importance
1 JOOL1AOSF 4,160V switchgear bus 1A05 5.9 x 10-4 89.2
fails
2 PTB1GO5A Turbine GOSA fails to start 4.4 x 104 66.1
(and controls)
3 PPM10SBF PO5B fails to deliver suf- 1.9 x 10-4 29.5
ficient water
4 PPM10SAF PO5A fails to deliver suf- 4.9 x 10™° 7.4

ficient water




TABLE 8.C.3. Loss of Main Feedwater Due to Loss of All of AC -
Base Case - Failure to Start on Demand

Cutset Cutset
Rank Cutsets Unavailability o Cumulative

Importance
Importance

1 PTB1GOSA 1.1 x 10=2 64.7 64.7
2 PPM105BF 4.7 x 10-3 28.8 93.5
N
N
Basic Events
Rank Basic Event Description Unavailability Importance
1 PTB1GOSA Turbine GOSA fails to start 1.1 x 10~° 64.7
(and controls)
2 PPM105BF POSB fails to deliver suf- 4.7 x 10=3 28.8

ficient water
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TABLE 8.D.1. Loss of Main Feedwater - Three Pump -
Failure to Start on Demand

Cutset
Cumulative
Importance

Cutset

Rank Cutsets Unavailability Impor tance

1 POOCCBLX, PTBLGOSA 1.5 x 10°4 19.1 19.1
2 POOCCBIX, PPMLOSBF 6.9 x 10-3 8.5 27.6
3 POOCCALX, PTBLIGOSA 5.9 x 10°5 7.3 34.9
4 PHVO20BC, PTBLGOSA 5.8 x 10°3 .2 42.1
5 PHVO20AC, PTBLGOSA 5.8 x 10°3 49.3
6 PSTMOOBF, PTBLGOSA 3.7 x 10°5 4.6 53.9
7 PSTMOOAF, PT21GOSA 3.7 x 10”3 4.6 58.5
8 PPMLOSCF, PTBLGOSA 3.3 x 10°5 4.1 52.6
9 PPMIOSAF, PTBIGUSA 3.3 x 10°5 4.1 66.6
10 POOCCALX, PPMLOSBF 2.6 x 10°3 3.3 69.3
11 PHVO208C, PPMLOSBF 2.6 x 10°5 3.2 73.1
12 PHVO20AC, PPMLOSBF 2.6 x 1079 3.2 76.3
13 PSTMOOBF, PPMLOSBF 1.7 x 10°3 2.1 78.4
14 PSTMOOAF, PPMLOSBP 1.7 x 10°93 2.1 80.4
15 PPMLOSCF, PPMLOSBF 1.5 x 10°3 1.8 82.2
16 PPM10SAF, PPMLOSBF 1.5 x 10°5 1.8 84.1
17 PLV7SBIC, PTBLGOSA 6.1 x 109 0.8 84.8
18 PMOLOSCA, PTBLIGOSA 5.8 x 10*% 0.7 85.5
19 PMOLOSAA, PTBLGOSA 5.8 x 10°% 0.7 86.3
20 POOCCBLX, PXVO03BC 4.7 x 10°6 0.5 #6.8
Basic Events
Rank Basic Event Description Unavailability Importance
1 PTBLGOSA Turbine GOSA falils to start 5.3 x 104 65.2
(and controls)
2 PPM1OSBF Pump POSB fails to deliver 2.3 x 10~¢ 29.1
sufficient water
3 POOCCBLX LV38758l transfers closed 2.3 210" 28.5
(controls)
4 POOCCALX LV3875A1 transfers closed 8.8 x 10°% 10.9
(controls) 7
S PHVO 20BC Pressure control valve 8.6 x 10°2 10.7
PCV0208 fails closed R
H PHVO20AC Pressure control valve 8.6 x 10°° 10.7
PCV020a fails closed
7 PSTMOOAF MO3B70A motor operator does 5.6 x 10~3 6.9
not operato
8 PSTMOOBF MO3I870BF motor ocperator does 5.6 x 10°% 6.9
not operate
9 PPM1OSCF Pump PO5C fails to deliver 4.9 x 10°5 6.0
sufficient water
10 PPMLOSAF Pump POSA fails to deliver 4.9 x 10°5 6.0
sufficient water
11 PXV003BC PO58 discharge valve trans- 1.4 x 1072 1.8
fers closed
L2 PLVTSBIC Levél control valve LV387581 9.1 x 10°® 1.1
fails closed
13 PMOL105CA POSC motor fails to start 8.6 x 10°% 1.1
14 PMOLOSAA POSA motor fails to start 8.6 x 10°6 1.1
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TABLE 8.D.2. Loss of Main Feedwater Due to Loss of 0Offsite Power - ‘
Three Pump - Failure to Start on Demand
Cutset Cutset ‘
Rank Cutsets Unavallability N Cumulative
Importance
Impor tance '
1 PTBIGOSA, JOOLAGSF 3.9 x 10-4 19.9 19.9
2 PTBIGOSA, JOOLAQUGP 3.9 x 10-¢ 19.7 19,7
3 PPM10SBF, JOOLAOSF 1.7 x 10°4 8.9 48.6
4 PPMLOSBF, JOOLAO6F 1.7 x 104 8.9 57.5
5 POOCCBLX, PTBLGOSA 1.5 x 104 7.8 65.3
4 POOCCBLX, PPMLOSBF 6.9 x 10°3 3.5 68.9 s
7 PTB1GO5A, POOCCALX 5.9 x 10°3 3.0 71.8
“ PTBLGOSA, PHVD20BC 5.8 x 1073 2.9 74.7
9 PTB1GOSA, PHVO20AC 5.8 x 10°3 2.9 17.6
10 PTBLGOSA, PSTMOOBF 3.7 x 10°3 1.9 79.5
11 PTBLIGOSA, PSTMOOAF 3.7 x 10-5 1.9 8l.4
12 PTBLGOSA, PPM1OSCF 3.3 x 1073 1.6 83.1
13 PTBLGOSA, PPMLOSAF 3.3 x 10°3 1.6 84,7
14 PPM1OSBF, POOCCALX 2.6 x 10°3 .3 86.1
15 PPMLOSBF, PHV020BC 2.6 x 10°5 323 87.4
16 PPM1058F, PHVU20AC 2.6 x 10°5 1.3 88.7
17 PPMLOSBF, PSTMOOBF 1.7 x 105 .8 89.5
18 PPMLOSBF, PSTMOOAF is7 % 10°5 .8 90.4
19 PPMLOSBF, PPMLOSCF 1.5 x 10°3 7 91.1
Basic Events ‘
Rank Basic Event Description Unavailability Importance l
. -
1 PTBIGOSA Turbine 1G0SA fails to 1.3 x 10°3 66.1
start (and contcols)
2 JrOLAOSF 4,160V switchgear bus 1A0S 5.8 x 10-4 29.6
fails
3 JOO1A06F 4,160V switchgear bus 1A06 5.8 x 10°9 29.6
fails
4 PPMLOSBF POSB fails to deliver suf- 5.8 x 10~4 29.6 l
ficient water
5 POOCCB1X Valve LV3875B1 transfers 2,3 x 1074 11.7
closed
6 POOCCLX Valve LV3875A1 transfers 8.8 x 10°5 4.4
closed
7 PHVOD208BC fressure control valve 8.6 x 10°5 4.4
PCV020 fails closed
- PHV020AC Pressure control valve 8.6 x 10°5 4.4
PCVO20A fails closed
9 PSTMOOAF MO3B870A oprrator fails 5.7 x 10~5 2,9
(and controls)
10 PSTMOOBT MO38708 operator fails 5.7 x 10~% 2.9
(and controls) o l
11 PPM10SCF PISC failn to deliver suf- 4.9 x 1072 2.5
ficient water
12 PPM1OSAF PUSA fails to deliver suf- 4.9 x 10°5 2.5
ficient water '
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Loss of Main Feedwater Due to Loss of All
Three Pump - Failure to Start on Demand

TABLE 8.D.3.

Cutset Cutset
Rank Cutsets Unavailability Cumulative
Importance
Importance
1 PTB1GOSA 1.1 x 10-1 62.5 6
2 PPM105BF 4.7 x 10-¢ 27.9 30.3
& Basic Events
Rank Basic Event Description Unavailability Importance
1 PTB1GOSA Turbine GO5A fails to start 1.1 x 10-1 62.5
(and controls)
> PPM105BF POSB fails to deliver suf- 4.7 x 10=2 27.9

ficient water




Every 18 months each automatically operated valve is checked to
ensure the valve cycles to the correct position upon receipt of an Auxil=-
fary Feedwater Actuation Signal; the auxiliary feedwater steam generator
level control valves are checked to ensure they maintain steam generator
water level; and the feedwater stop valves are checked to ensure they
cycle shut upon receipt of a high level in the associated steam generator.

5.3.1.3 Auxiliary Feedwater Actuation System. The Auxiliary Feedwater
Actuation System (AFWAS) is functionally checked monthly. Channel checks
are performed at least every 12 hours, and the instrumentation channels
are calibrated at least every 18 months.

5.3.1.4 Condensate Storage Tank. Level in the Condensate Storage Tank
is verified at least every 1” hours. Witl one of the two Condensate
Storage Tanks inoperable, an auxiliary feedwater pump supply flowpath is
demonstrated to be operable at least daily.

5.3.1.5 Service Water System. Service water valves (manual, automatic,
or power-operated) which service safety-related equipment are verified to
be in the correct position monthly if the valves are not locked, sealed,
or otherwise secured in position.

Every l¢ months each automatic valve is verified to actuate to its
correct position upon receipt of an Essent.al Safequards Features Actua-
tion Signal (ESFAS) and each service water pump is verified to start on
an ESFAS test signal.

$:3:,2 Maintenance

All system components were reviewed for possible contribution to
maintenance unavailability. Generic data was reviewed in conjunction
with this component review to identify prevalent failure modes and the
effect of the associated mair*enance on system operation., The following
is a brief discussion of the p1esults of this review.

5.3.2.1 Hardware Failures (Mechanical Components). Packing replacement
and adjustment is the dominant cause of maintenance on valves. In most
cases, this maintenance can be performed with the valve in the correct
position for system operation (fully open or fully closed). Valve
repairs requiring disassembly of the valve, although not frequently
occurring, may have a major impact on system availability due to system
isolation requirements necessary to safely perform this maintenance.
Those valves which require full AFWS shutdown in order for repair also
require a plant shutdown (per technical specifications) and, therefore,
do not contribute to the maintenance unavailability of the AFWS. Those
valves requiring maintenance which only need a single AFW pump train to
be shut down do contribute to maintenance unavailability of the AFWS.
Valves which are periodically cycled, which have a throttling action, or
which are in a high energy system are the dominant contributors to this
unavailability. These valves are includ2d in the pump train saintenaince
unavailability.
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Pump maintenance consists of a range of actions from major disassem-
bly to packing adjustment. For the AFW pumps, most maintenance performed
requires isolation of the pump from the system and, therefore contri-
butes to the maintenance unavailability of the pump train.

The maintenance on large motors range from inspection and cleaning to
major disassembly. The prevalent failure mode is bearing failure which
requires partial disassembly of the motor. All maintenance of the AFW
pump motor contributes to maintenance unavailability and i{s included in
the pump train maintenance unavailability.

Turbine maintenance can range from simple adjustments to major disas-
sembly. A review of Licensee Event Reports from January 1972 to April
1978 revealed only one reported failure of a turbine in an AFWS. This
failure was due to a casing steam leak discovered during startup after
routine maintenance had been performed. Turbine failure is included in
the maintenance contribution to unavailability of the turbine driven pump
train.

5.3.2.2 Electrical Failures (Controls, etc.). Motor-operated valve
(MOV, LCV) control circuit failures occur with moderate frequency.
Repairs generally consist of troubleshooting and defective component
replacement or repair. In some cases, the associated valve may be placed
in the desired position prior to commencing repairs on the control cir-
cuit. The level control valves (two) for each pump train, and the SG AFW
isolation valves (two per 5G) were considered for their maintenance con-
tribution to system unavailability; however, their individual contribu-
tion to maintenance unavailability is less “han 1% of the contribution of
the individual pump trains to maintenance unavailability.

The AFW pump motor breaker and control circuit requires periodic
maintenance and repair. Because the 4160V breakers are interchancgeable
between 4160V cubicles, and spare breakers are available, major breaker
repair is not included in the maintenance unavailability of the motor-
driven pump train. All other control and breaker maintenance is included
in the unavailability nf the motor driven AFW pump train.

5.3.2.3 Data. Plant historical records for nmaintenance actions were
available for this analysis; however, because the plant is not yet oper~-
ating, this data was not used in determining the maintenance unavailabil~-
ity of the different pump trains, instead generic values from WASH-1400,
the Reactor Safety Study, were used.

From WASH-1400, the expected frequency of pump maintenance is one act
every 4.5 months. This maintenance is assumed to include the pump, the
driver (turbine or motor), and associated control circuits. The mainte~-
nance duration ranged from a few minutes to several days. The plant
technical specifications limit this maintenance duration to 72 hours.

The iognormal mean maintenance act duration is 19 hours.

Based upon the preceding discussion, Table 9 presents the maintenance
unavailability contributions for AFW pump trains.
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TABLE 9. PUMP TRAIN UNAVAILABILITY DUE TO
TEST AND MAINTENANCE

. L _ 1 actuation 19 hours month 4 o3
Q Miatenance turbine = 4.5 months actuation = 720 hours ~ 3.9 = 10
P _ 1 actuation _ 19 hours month g 3
Q Saintensnce motor = 4.5 months actuation = 720 hours ~ X1
Q test turbine = 15 minutes x ——lour month _ 0.9 = 3.1 x 10-4
o (operator error) month 60 minutes ~ 720 hours L
Q test motor = 15 minutes hour month B 1
(operator error) month X 80 minutes * 720 hours * 0.9 = 3.1 x 10

System Unavailability Due to Test and Maintenance

Q systemp,y = (Q maintenance turbine + Q test turbine)
(Q system with turbine pump down)
+ (Q maintenance motor + Q test motor)
(Q system with motor pump down)
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5.4 HUMAN INTERACTION

5.4.1 Human Interaction/Recoverable Failures

For the purposes of this analysis, due to the short period of time
between failure of the AFWS to start and loss of the SGs due to dryout,
no opera*~r action to recover the AFWS was considered. This conservatism
could be eliminated if more definitive calculations for timing of AFWS
starting are made.

There are some system failures from which the operator may recover.
The most significant of these is a turbine-driven auxiliary feedwater

pump trip.

The dominant contributor to turbine-driven auxiliary feedwater pumps
failure to start on demand is a failure of the turbine controls; primar-~
ily due to turbine trip on overspeed during startup. The operator may
manually reset the overspeed trip, or take control ¢f the turbine-driven
AFW pump if, during a demand, this pump did not operate. The probability
of failure for the operator failing to take action within 30 minutes is
Pg=-0.044 mean with 0.005 variance.

Using this value; a point value estimate of the system unavailability
(failure to start and no recovery) for the double crossover system design
is 2.5 x 10-5.

5.4.2 Human Error/Testing

During the monthly full flow testing of the AFW pumps, an operator is
stationed at the full flow test bypass valve. After the pump is started,
this operator throttles open the full flow test valve to achieve rated
pump flow and discharge head. Should the AFWS be actuated by a plant
transient, this operator must close the full flow test valve to allow the
AFW pump to feed the SGs. The full flow test is assumed to last
15 minutes per month. Pump unavailability due to this test is equal to

15 minutes = __ hour __month

= "‘
month X §0 minutes > 720 hcurs 3.5'% 3075

The operator error, failing to act correctly during the first 5 minutes
after the onset of an extremely high stress situation is 0.9. The
unavailab:lity of a pump train on demand due to this failure is

3.1 = 107°.

5.4.3 Human Error--Common Cause

A common cause human error has been identified for the AFWS. The
error can occur after the pump monthly flow testing. Essentially, after
each pump test, the auxiliary plant operator must close the full flow
test valve. The pumps themselves are controlled from the main control
board, and position indication is available for the full flow test valve
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at the main control board. 1f the pumps are tested sequentially (i.e.,
one pump is tested and at the completion of this test the other pump is
tested) common human error or combinations of errors is possible. These
errors consist of: the auxiliary plant operator failing to close the
full flow test valve for the first pump and failing to close the second
pump's full flow test valve (close coupling is assumed); and the main
control board operator failing to notice the valve position indication
for the full flow test valves on the main control board (also close cou-
pled if the first valve position indication is missed). The recovery
time for this failure is based upon the probability of the improper valve
position being disccovered during shift change when the oncoming and off-
going operators "walk down"™ the main control boards from NUREG-0611,
Table 111-2, the point value estimate for this potential human error is
1 x 104 with an estimated error factor of 20.

Based upon discussions with the plant operators, the following
recovery histogram was constructed.
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The mean value from this histogram for recovery is 2.53 days and the var-
iance is 13.7 aays.

The probability for failure on demand for this common cause human
erroi is then (if one assumes that the error has occurred)

1 actuation -4 month
Qr B x 10 P(f) x 2.52 days x 30 days

month
Qp = 8.4 x 107® with a variance of 6.7 x 10~10,

5.5 COMMON CAUSE ANALYSIS

The method used to perform the common cause failure analysis is based
on the system logic model. Qualitative failure characteristics are iden-
tified for each basic event. A search is then performed to identify
those combinat.ions of basic events that result in system failure and
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share qualitative failure characteristics. Barriers between components,
both physical and administrative, are considered in the analysis. The
results of the common cause search are groups of cutsets identified by
common failure characteristics and absence of barriers.

There is an extremely large array of failure causes that must be con-
sidered in a comprehensive common cause failure analysis. These failure
causes have been grouped into two major categories and these two categor-
ies have been further subdivided. For each subdivision a generic cause
of failure has been identified. The first division is made on the basis
of barriers that can be erected to the cause of failure in order to pre-
vent it from failing the entire system. The barriers that exist are of
either procedural or physical. The failure causes, also called qualita-
tive failure characteristics of the basic event or "susceptibilities" are
categorized by criterion based on barriers to the failure cause.

The susceptibility codes for the causes of failure considered in this
analysis are given in Table 10. Due to the limits of the available
information, assumptions were made concerning maintenance actions, test
procedures, and manufacturers. These links are assumed to be different
for different generic components.

l $:.5:1 The First Criterion

A qualitative failure characteristic, or a susceptipility, is a com-
mon link when physical barriers cannot be erected to prevent the propaga-
tion of the failures, and procedural barriers must then be erected.
Typical common links used in a common cause analysis are:

Manufacturer
Test/Maintenance
Operator

Motive Power
Instrument Power
Installation
Calibration
Similar Parts

] The common links of manufacturer and similar parts were used in this
analysis.

5.5.2 The Second Criterion

The coding of failure sensitivity to causes of failure are given for
each generic component type in Table 11. The final information thrat
needs to be coded for the auxiliary feedwater system common cause analy-
sis is the physical location of the basic events. Table 12 is the refer-
ence used in location definition. The first part of the exhibit identi-
fies the codes used with the basic events and the location in the plant
that these codes represent. The second part of the exhibit identifies
all basic events used in the analysis and the physical location for these
basic events.




TABLE 10. SUSCEPTIBILITY CODE
First Criterion
Maintenance Action - MA MB MD Ml
M2 M3 M4
Test Procedure -T1 T2 T3 T4
TD TE TF TG
TI TJd T8 TL
™ TP TS TT
TU TV TW
Manufacturer
Anchor Darling - AD
Byron Jackson - BG
Control Component - L0
Henry Pratt - HP
Limitorque - L
Terry Turbine el
Unknown (Similar - X1 X2 X3 X4
Ccmponents Grouped X5 X7 X8
Together)
Second Criterion
Impact -
vibration - ¥
Moisture ol
Grit ol ¢
Stress - S

B
.
¢
i
|
L
i
t
!
¥
1
r
1
{
k
i
B
|
¢



TABLE 11. GENERIC COMPONENTS AND THEIR SENSITIVITIES TO FAILURE

am = “am

e A sm N

Component Type Code Special Susceptibility
Level Valve LV T M I S
Manual Valve XV T ™ I S
Pump PM T M P ¥
Turbine (includes TB T A S
controls)
Contact CN T I V M G
Circuit Breaker CB T I V M G
Control Circuit ST T I V M G
Power Bus 00 T e SN
Control Circuit CcC T M I V M G
Motor Valve MV T M 1 S
Relay RE 3 I V M G
Check Valve cv T M I
Motor MO T I M G

73



TABLE 12. PHYSICAL BARRIER INFORMATION

Equipment Locations Used in the Midland AFW System Analysis

15A
R15B - inside reactor building.
RSDC
PISO - auxilary building »ipe chase.
CLCV - auxilary building outside AFW pump rooms.
MAAA - auxilary building motor driven pump room.
TBAA - auxilary building turbine driven pump room.
YARD - exterior of buildings.
SAAA - 4160VAC switchgear room A.
SABA - U480VAC switchgear room A.
SBBA - 480VAC switchgear room B.

BAAD - 125VDC battery room A, Panel 1Dll.
BBAD - 125VDC battery room E, Panel 1D21.

PABA - service water pump room A.
PBBA - service water pump room B.

OCHA - ESF actuation - AFWAS channel A.
OCHB - ESF actuation - AFWAS channel B.

Basic Events in Locations R15A, R15B, RSDC

PMV177AD PCVUS3AD PMOL7T7AA
PMV177BD PCVU53BD PMO177BA

Basic Events in Location PISO

PMV870AD PMVB65AD PM03126C
PMV8708BD PMV865BD
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PMO75A1A PMVB68BC PMV8934D

PMO75A24 PMV3856C PMO8931A

PMO75B1A PCV0001D PMOB932A

PMOT5B2A PCV0013D PMO89334A

PXV0002C PCV0015D PMO8934A

PXVOO0O04C PCV0025D ‘
|
\
|

TABLE 12. PHYSICAL BARRIER INFORMATION (continued)
Basic Events in Location CLCV
PLVT5A1D PXVOO14C PXVO0Q9AOD
PLVT75A2D PXV278-C PMV8931D
PLV75B1D PXV279-C PMV8932D
P PLV75B2D PMVB868AC PMVB333D

Basic Events in Location MAAA

PXVOO1AC PPM105AF

Basic Events in Location TBAA

PXVOO1BC PXVO09BO PPM105BF
PTB1GO5A

Basic Event in Location YARD

PXV037-C

E
:
1
1
1
L:

Basic Event 1 ‘ation SAAA

Basic Events in Location SABA

PCN1D12C PSTMOQAF PSTCCCAF
PCB15260 PSTCS1AC
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TABLE 12. PHYSICAL BARRIER INFORMATION (continued)

Basic Events in Location SBBA
PCN1C560 PCB16260 PSTMOOBF
PSTCS1BC PSTCCOBF

Basic Events in Location BAAD
PCN1C120 PCB16200 PCBl1621
PSTCCSAF POOCCALX POOCCA2X
PSTMOSAF

Basic Events in Location BBAD
PCN1D560 PCB17150 PCB17140
PSTMOSBF PCCl1l77BF PCC1l77AF
PCB17200 PCB17210 PSTCCSBF
POOCCB1X PCOCCB2X

Basic Events in Location PABA
PCB21030 PRE1AO3F PCB21020
PRELAOSF PSTCCALF PSTCCA2F

Basic Events in Location PBBA
PCB11030 PCB11020 PRE1BO3F
PRE1BOSF PSTCCBLF PSTCCB2F

Basic Events in Location OCHA
PRE1AllF PRE1Al2F PRE11l1l1lF
PREALOQO9F PREA209F PRE1AOQ3F
PRE1AQ3F

Basic Events in Location OCHB
PRE1610F PRE1Bl1lF PREL1B12F
PRE1613F PRE1512X PRE1514X
PREBLO9F PREB209F PRE1BO3F
PRE1BO8F

76

g, BB Py TN S Em Ja My, Py W S ER, P (W Em W, SN Y



5.5.3 Results of Common Cause Analysis

All cutsets with common susceptibilities were in the same location,
CLCV, the area of the auxiliary building outside the AFW pump rooms.
Moisture, grit, and impact were found in this location. The number and
order (number of basic events in the cutset) for each of these causes of
failure are given in Table 13. Moisture was found to be a common sus-
ceptibility for the four level control valves and for four two-event cut-
sets in the pump suction lines (consisting of the pump suction MOVs and
various combinations of the service water supply MOVs). The design of
these valves protects the motor operators from high humidity and other
minor sources of water. Flooding or pipe rupture could, however, prevent
these valves from operating when demanded. The level control valves are
the most susceptible to this cause because they must move from their nor-
mally closed position to permit AFW flow to the steam generators. The
suction valves are only required to operate in the event of low pressure
at the pump suction and a coincident AFWAS signal. From WASH-1400, the
probability of a pipe rupture is 1 x 10-4 per reactor year of opera-
tion. However, this system is called upon to operate (and therefore
pressurized) 16 times per year (six actuations and ten startup/
chutdowns). The average run time is about two hours. The resulting
probability of failure is 4 x 10~7 which is significantly less than the
common cause human error identified in Section 5.4 but was found to be a
common susceptibility for the same cutsets as moisture. Motor operated
valve design protects the motor operators from the normal sources of air-
borne grit or dust during plant operation. During maintenance periods,
the plant general maintenance procedures limit the sources of grit as a
general housekeeping practice. This practice in conjunction with the
safety system testing that occurs prior to plant operation results in a
large reduction in the probability of failure due to grit because of
maintenance. 1In addition, because failure due to grit is not an instan-
taneous failure, but rather a slow degradation in operation, any common
cause failures will most likely be detected and corrected as a result of
normal testing and preventive maintenance.

Because of the above reasons, the probability of system failure due
to the common cause susceptibility--grit--is very much less than the com-
mon cause human error identified in Section 5.4.

Impact is identified as a common cause susceptibility for 51 three-
event cutsets in the pump suction piping, 16 three-event cutsets in the
pump discharge piping, and 451 four-event cutsets in the pump discharge
piping. There is no high energy piping in the immediate vicinity of the
pump suction piping, thus eliminating pipe whip as an impact source. The
only other possible sources of impact in this area are due to external
causes such as explosion. Plant procedures limit the amount and location
of explosive materials (acetelyne, etc.) and thereby form an administra-
tive barrier to explosion as a cause of impact.

The pump discharge piping is a high energy system when the AFW system

is in operation and is the only high energy system in the vicinity. If
one assumes that pipe rupture leads directly to pipe whip (a conservative
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assumption considering piping support design), impact as a source »f com-
mon cause failure can be no more severe than moisture as a source which
has been discussed above. Therefore, the probability of failure due to
impact is less than 4 x 10'7. which 1s significantly less than the

common cause human error identified in Section 5.4.

Common links were found in 278 cutsets, identifying those cutsets as
common cause candidates. The common links and manufacturer are ident -
£ied following the groups of common cause candidates with those suscepti-
bilities in Table 14. Since these components are tested regularly during
surveillance tests and normal operations, and are maintained regularly,
they should have shaken out most manufacturer-related problems. Further-
more, the components are located in different areas of the plant and are
therefore subjected to different environments.

5.6 EVENT TREE ANALYSIS

Time seguential behavior, key system dependencies, and reduced system
performance states can be modeled using event tree methods. The event
tree of Figure 11 lays out such a model for the Midland Plant Auxiliary
Feedwater System. Here, the initiating event is an auxiliary feedwater
actuation signal. Next, the question of good and "bad" steam generators
is addressed. We have defined a bad steam generator to be one with a
steam break that has not been isolated. WASH-1400 gives the failure rate
as 1 x 10-4 per for pipes. Further containment and steam generator
analyses could lead to a revised definition.

Next in the tree come the gquestions concerning the availability of
electric power. Without DC power, the entire system must fail. Without
AC power, the turbine-driven pump train may still operate.

The next three events define successful start of the auxiliary feed-
water system. Turbine train starts, turbine restarts after turbine trip,
and motor train starts. Probabilities of successful starting will be
derived from decompositions of the system fault tree. Without success in
<t least one start path, the system fails on demand. When some electric
pcwer 1s available we must now ask if the FOGG system operates. For
cases with a single bad steam generator, FOGG must keep auxiliary feed-
water isolated from that steam generator and must permit flow to a good
steam generator. Lacking a final FOGG system design, we have assigned a
reasonable unavailability of 104 per demand per train based on high
quality actuation systems in WASH-1400. Given that the system has
started, we next ask if the failure in the level con..»nl system leads to
overccoling in either steam generator. Again lacking cunplete level
control system information, we have assigned a probability of failure of
104 per demand. Finally, given a successful start, we ask if the
system continues to run successfully for eight hours.

The event tree in Figure 11 has been simplified by showing repeated
similar sequences coded A, B, and C. The full expansion of the complete
tree is shown in Figure 12. Seven final system states have been identi=-
fied on the tree. S stands for complete success. The system starts
successfully, does not overcool, and continues to run for eight hours.
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TABLE 14. COMMON CAUSE CANDIDATES

Cutset Basic Events Commonalities
l. PPM105AF PPM105BF
Common Link M4, TK Manufacturer BG
- PXVOO1AC PXVOO1BC
Common Link MB Manufacturer X8
e PXVOO9AO PXV0O049BO
Common Link TK, MB Manufacturer X7
4, PPM10SAF PXV0O09BO
5. PXVCO9A0 PPM105BF
g Common Link TK
6. PCVU53BD FCVU53AD
Common Link TI, M2 Manufacturer X1
Te PXVOOD1AC PXVO09BO
8. PXVO0O9AO PXVOO1BC
Common Link MB
9. PXV037-C PXV278-C PXV279-C
Common Link MA Manufacturer HP
10. PXVOO1lAC PXV0017C PXvooQ2C
Common Link MB, TK
% PXVOO1BC PXVOO14cC PXVOOOUuC
Common Link MB, TK
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TABLE 14. COMMON CAUSE CANDIDATES (continued)

Cutset Basic Events Commonalities
12. PXV009A0 PXVOO17C PXvooo2ac
13. PXV0O09BO PXVOO14C PXVOOOH4C
Common Link MB, TK Manufazturer X7
14. PCVO013D PCV0O015D PCVUS3AD
15. PCV00OOL1D PCV0025D PCVUS3BD
Common Link M2, TI Manufacturer X1
16. PREB209F PRE1111F PREA10O9F
17« PRE1610F PRE1613F PRE1111F
Common Link TV Manufacturer X2
] 18. PMV8931D PXVz79--C PXV037-C
19. PMV8932D PXV279-C PXV037-C
20. PXV278-C PXV8934D PXV037-C
21. PMV8931D PMV8334D PXV037-C
22. PMVB8932D PMVB934D PXV037-C
23. PXV278-C PMV8933D PXV037-C
24, PMVB931D PMV8933D PXV037-C
25. PMV8932D PMVB8933D PXV037-C
Manufacturer HP
26. PMO3126C PMO75A2A FMO75A1A
2T+ PMO8934A PMOB8931A FMV3856C
28. PMO8933A PM0O8931A PMV3856C
29. PMO8934A PMO8932A PMV3856C
30. PMO8333A PM08932A PMV3856C

Manufacturer LI




TABLE 14. COMMON CAUSE CANDIDATES (continued)

Culset Basic Events Commonalities

235 PRE1514X PRE1512X PRE1111lF

32. PRE1613F PRE1S512X PRE1111lF

33. PRE1514F PRE1610F PRE1111F
Manufacturer X2

34. PXV0OO017C PXV0004C PXvV0002C PXVOO14C
Common Link MB, TK Manufacturer X7

35. PMV865BD PMV865AD PMVB70BD PMVB70AD
Common Link M1, TE Manufacturer AD

® 36. PLV75A2D PLV75B2D PLV75A1D PLV7SB1D

Common Link M3, TJ Manufacturer CC

3T s PCVO75-D PCV0O013D PCV0O75-D PCV00O01D

38. PCVO75-D PCVU53BD PCV0001D PCV07€-D

39. PCV0013D PCV0015D PCVO0OO1D PCV0025D

40. PCV0O75~D PCV0O013D PCVO76-D PCVUS3AD
Common Link M2, TI Manufacturer X1

41. POOCCAZX POOCCB2X POOCCALlX POOCCB1X
Common Link TM Manufacturer X3

42, PSTCCS5BF PSTCCSAF PSTCCOBF PSTCCOAF
Common Link TS Manufacturer X3

43, PCB17140 PCB16200 PCB16210 PCB17150

44, PCB16200 PCB16210 PCB17200 PCB17210
Common Link TU Manufacturer X3
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TABLE 14. COMMON CAUSF CANDIDATES (continued)
Cutset Basic Events Commonalities
45, PCN1D560 PCN1C120 PCN1C560 PCN1D120
Common Link TW Manufacturer X5
46. PSTMOSBF PSTMOSAF PSTMOOBF PSTMOOAF
Common Link TI Manufacturer LI
u7. PRE1B12F PRE1A12F PRE1B11F PRELALLF
48. PREA1O9F PREB209F PREA209F PREB1O9F
49. PRE1A12F PRE1BI11F PREA209F PREB109F
50. PRE1A12F PRE1B11F PRE1111F PREB1O9F
- 3 PRE1B12F PREA109F PREB209F PREL1ALLF
52, PRE1610F PREA109F PRE1613F PREA209F
53. PRE1B12F PRE1111F PREB209F PREILALLF
Common Link TW Manufacturer X2
54, PRE1613F PREALO9F PRE1512X PREA20O9F
55. PRE1514X PREAL1QO9F PRE1512X PREA209F
56. PRE1514X PREA109F PRE1610F PREA209F
Common Manufacturer X2
5T7. PCB15260 PSTCCOBF PSTCCSAF PSTCCSBF
58. PSTCCOAF PCB16260 PSTCCSAF PSTCCSBF
59. PCB15260C PCB16260 PSTCCSAF PSTCCSBF
60. PSTCS1AC PCB21030 POOCCB2X POOCCB1X
61. PSTCS1AC PSTCCA2F POOCCB2X POOCCB1X
62. PSTCSI1AC PCB21030 PCB17210 POOCCR1X
63. PSTCS1AC PSTCCA2F PCB17210 POOCCB1X




TABLE 14. COMMON CAUSE CANDIDATES (continued)

Cutset Basic Events Commonalities
64. PSTCS1AC PCB21. ™" POOCCB2X £CB17200
65. PSTCS1AC PSTCC® POOCCB2X PCB17200
66. PSTCS1AC PCB212 30 PCB17210 PCB17200
67. PSTCSI1AC PSTCCA2F PCB17210 PCB17200
68. PSTCS1AC PCB21030 PSTCS1BC PCB11020
69. PSTCS1AC PSTCCA2F PSTCS1BC PCB11020
70. PSTCSIAC PCB21030 PSTCS1BC PSTCCBILF
T1. PSTCS1AC PSTCCA2F PSTCS1BC PSTCCBIF
12, PSTCSI1AC PCB21030 PCB17150 PCB17140
73. PSTCSI1AC PSTCCA2F PCB17150 PCB17140
T4. PSTCSI1AC PCB21030 PCC1T77BF PCB17140
4 75. PSTCS1AC PSTCCA2F PCC177BF PCB17140
76. PSTCS1AC PCB21030 PCB17150 PCC1l77AF
77. PSTCS1AC PSTCCAZ2F PCB17150 PCC177AF
78. PSTCS1AC PCB2103C PCC177BF PCC177AF
79. PSTCS1AC PSTCCA2F 2CC177BF PCC177AF
80. PCB11030 PSTCS1AC PCB21030 PSTCS1BC
81. PSTCCB2F PSTCS1AC PCB21030 PSTCS1BC
82. PCB11030 PSTCS1AC PSTCCA2F PSTCS1BC
83. PSTCCB2F PSTCS1AC PSTCCAZF PSTCS1BC
84. PCB21020 PSTCSI1AC POOCCB2X POOCCB1X
85. PSTCCALF PSTC31AC POOCCB2X POOCCB1X
86. PCB21020 PSTCS1AC PCB17210 POOCCB1X
87. PSTCCAILF PSTCS1AC PCB17210 POOCCBI1X
88. PCB21020 PSTCS1AC POOCCB2X PCB17200
89. PSTCCALF PSTCS1AC POOCCB2X PCB17200
90. PCB21020 PSTCS1AC PCB17210 PCB17200
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TABLE 14, COMMON CAUSA CANDIDATES (continued)

Cutset Basic Events Commonalities
91. PSTCCALF PSTCS1AC PCB17210 PCB17200
92. PCB21020 PSTCS1AC PSTCS1BC PCB11020
93. PSTCCALF PSTCS1AC PSTCS1BC PCB11020
94. PCB21020 PSTCS1AC PSTCS1BC PSTCCBIF
95. PSTCCALF PSTCS1AC PSTCS.1BC PSTCCBIF
96. PCB21020 PSTCS1AC PCB17150 PCB1T7140
97. PSTCCALF PSTCSIAC PCB17150 PCB17140
98. PCB21020 PSTCS1AC PCC177BF PCB17140
99. PSTCCAILF PSTCS1AC PCC177BF PCB17140
100. PCB21020 PSTCS1AC PCB17150 PCCLTTAF
101. PSTCCALF PSTCS1AC PCB17150 PCC177AF
- 102. PCB21020 PSTCS1AC PCC177BF PCC1l7TAF
103. PSTCCALF PSTCS1AC PCC177BF PCC177AF
104. PCB11030 PCB21020 PSTCS1AC PSTCS1BC
105. PSTCCB2F PCB21020 PSTZS1AC PSTCS1BC
106. PCB11030 PSTCCALF PSTCS1AC PSTCS1BC
107. PSTCCB2F PSTCCALF PSTCS1AC PSTCS1BC
108. PSTCCOAF POOCCALX POOCCB2X PSTCCSBF
109. PCB15260 POOCCA1X POOCCB2X PSTCCSBF
110. PSTCCOAF PCB16200 POOCCB2X PSTCCSBF
111. PCB15260 PCB16200 POOCCB2X PSTCCSBF
112. PSTCCOAF POOCCALX PBC17210 PSTCCSBF
113. PCB15260 POOCCA1X PCB17210 PSTCCSBF
114, PSTCCOAF PCB16200 PCB17210 PSTCCS5BF
115. PCB15260 PCB16200 PCB172'0 PSTCCSBF
116. PCB16200 POOCCB2X POOCCA2X POOCCB1X
117 . POOCCA1X PCB17210 POOCCA2X POOCCBI1X

118. PCB16200 PCB17210 POOCCAZ2X POOCCB1X




TABLE 14. COMMON CAUSE CANDIDATES (continued)

Cutset Basic Events Commonalities
119. POOCCALX POOCCB2X PCB16210 POOCCBILX
120. PCB16200 POOCCB2X PCB16210 POOCCBI1X
121. POOCCALX PCB17210 PCB16210 POOCCB1X
122. PCB16200 PCB17210 PCB16210 POOCCBI1X
123. POOCCALX POOCCB2X POOCCA2X PCB17200
124. PCB16200 POOCCB2X POOCCAZX PCB17200
125. PCOCCALX PCB17210 POOCCA2X PCB17200
126. PCB16200 PCB17210 POOCCA2X PCB17200
127. POOCCALX POOCCB2X PCB16210 PCB17200
128. PCB16200 POOCCB2X PCB16210 PCB17200
129. POOCCALX PCB17210 PCB16210 PCB17200
® 130. POOCCALX PSTCS1BC PCB11020 POOCCA2X
131. PCB16200 PSTCS1BC PCB11020 POOCCA2X
132. POOCCALX PSTCS1BC PSTCCBLF POOCCA2X
133. PCB16200 PSTCS1BC PSTCCBLF POOCCA2X
134. POOCCALX PSTCS1BC PCB11020 PCB16210
135. PCB16200 PSTCS1BC PCB11020 PCB16210
136. POOCCALX PSTCS1BC PSTCCBI1F PCB16210
137. PCB16200 PSTCS1BC PSTCCBLF PCB16210
138. POOCCA1X PCB17150 PCB17140 POOCCA2X
139. PCB16200 PCB17150 PCB17140 POOCCAZX
140. POOCCALX PCC177BF PCB17140 POOCCA2X
141. PCB16200 PCC177BF PCB17140 POOCCA2X
142. POOCCALX PCB17150 PCCL177AF POOCCA2X
143, PCB16200 PCB17150 PCC177AF POOCCA2X
144, POOCCALX PCC177BF PCC177AF POOCCAZ2X
145, PCB16200 PCC177BF PCC177AF POOCCA2X
146. POOCCALX PCB17150 PCB17140 PCB16210
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TABLE 14. COMMON CAUSE CANDIDATES (continued)
Cutset Basic Events Commonalities
147. POOCCAlX PCC177BF PCB17140 PCB16210
148. PCB16200 PCCl177BF PCB17140 PCB16210
149. POOCCAILX PCB17150 PCC177AF PCB16210
150. PCB16200 PCB17150 PCC17T7AF PCB16210
151. POOCCALX PCC177BF PCC177AF PCB16210
152. PCB16200 PCC1T77BF PCC177AF PCB16210
153, PCB11030 POOCCALX PSTCS1BC POOCCA2X
154. PSTCCB2F POOCCALX PSTCS1BC POOCCA2X
155. PCB11030 PCB16200 PSTCS1BC POOCCA2X
156. PSTCCB2F PCB16200 PSTCS1BC POOCCA2X
157. PCB11030 POOCCALX PSTCS1BC PCB16210
- 158. PSTCCB2F POOCCALX PSTCS1BC PCB16210
159. PCB11030 PCB16200 PSTCS1BC PCB16210
160. PSTCCB2F PCB16200 PSTCS1BC PCB16210
161. PSTCCOBF PSTCCSAF POOCCA2X POOCCBI1X
162. PCB16260 PSTCCSAF POOCCA2X PJOCCB1X
163. PSTCCOBF PSTCCSAF PCB16210 PCOCCBI1X
164. PCB16260 PSTCCSAF PCB16210 POOCCB1X
165. PSTCCOBF PSTCCSAF POOCCA2X PCB17200
166. PCB16260 PSTCCSAF POOCCAZ2X PCB17200
167. PSTCCOBF PSTCCSAF PCB16210 PCB17200
168. PCB16260 PSTCCSAF PCB16210 PCB17200
Common Manufacturer X2
169. PRE1B12F PRE1610F PREA1O9F PRE1613F PRE1ALILF
170. PRE1A12F PRE1B11F PREA209F PRE1610F PRE1613F
Common Link TV Manufacturer X2




TABLE 14. COMMON CAUSE CANDIDATES (continued)

Cutset Basic Events Commonalities
171. PRE1B12F PRE1514X PREA109F PRE1512X PRE1ALLF
172. PRE1B12F PRE1613F PREAL1O9F PRE1512X PRE1ALLF
173. PRE1B12F PRE1514X PREA1O9F PRE1610F PRE1AllF
174. PRE1A12F PRE1B11F PREA209F PRE1S514X PRE1512X
175. PRE1A12F PRE1B11F PREA209F PRE1613F PRE1512X
176. PRE1Al2F PRE1Bl11F PREA209F PRE1514X PRE1610F
Common Manufacturer X2
177. PSTCCOAF PCB11030 POOCCALX PSTCS1BC PSTCCSBF
178. PCB15260 PCB11030 POOCCALX PSTCS1BC PSTCCSBF
179. PSTCCOAF PSTCCB2F POOCCA1X PSTCS1BC PSTCCSBF
e 180. PCB15260 PSTCCB2F POOCCALX PSTCS1BC PSTCCSBF
181. PSTCCOAF PCB11030 PCB16200 PSTCS1BC PSTCCSBF
182. PCB15260 PCB11030 PCB16200 PSTCS1BC PSTCCSBF
183. PSTCCOAF PSTCCB2F PCB16200 PSTCS1BC PSTCCSBF
184, PCB15260 PSTCCB2F PCB16200 PSTCS1BC PSTCCSBF
185. PSTCCOAF PSTCS1AC PCB21030 POOCCB2X PSTCCSBF
15, PCB15260 PSTCS1AC PCB21030 POOCCB2X PSTCCSBF
18 . PSTCCOAF PSTCS1AC PSTCCA2F POOCCB2X PSTCCSBF
188. PCB15260 PSTCS1AC PSTCCA2F POOCCB2X PSTCCSBF
189. PSTCCOAF PSTCS1AC PCB21030 PCB17210 PSTCCSBF
190 PCB15260 PSTCS1AC PC321030 PCB17210 PSTCC5BF
191 PSTCCOAF PSTCS1AC PSTCCA2F PCB17210 PSTCCS5BF
192. PCB15260 PSTCS1AC PSTCCA2F PCB17210 PSTCCSBF
193. PSTCCOAF PCB21020 PSTCS1AC POOCCB2X PSTCCSBF
194. PCB15260 PCB21020 PSTCS1AC POOCCB2X PSTCCSBF
195. PSTCCOAF PSTCCALF PSTCS1AC POOCCB2X PSTCCSBF
196. PCB15260 PSTCCALF PSTCS1AC POOCCB2X PSTCCSBF
197. PSTCCOAF PCB21020 PSTCS1AC PCB17210 PSTCCSBF
198. PCB15260 PCB21020 PSTCS1AC PCB17210 PSTCCSBF
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TABLE 14. COMMON CAUSE CANDIDATES (continued)

Cutset

Basic Events Commonalities

199.
200.
201.
202.
203.
204,
25,
206.
207.
208.
209.
210.
211.
212.
213.
214,
215.
216.
217.
218.
219.
220.
221.
222.
223.
224,
225.
226.

PSTCCOAF
PCB15260
PSTCCOAF
PCB15260
PSTCCOAF
PCB15260
PSTCCOAF
PCB15260
PSTCCOAF
PCB15260
PSTCCOAF
PCB15260
PSTCCOAF
PCB15260
PSTCCOAF
PCB15260
PSTCCOAF
PCB15260
PSTCCOAF
PCB15260
PSTCCOAF
PCR15260
PSTCCOAF
PCB15260
PSTCCOAF
PCB15260
PSTCCOBF
PCB16260

PSTCCALF
PSTCCALF
POOCCA1X
POOCCA1X
PCB16200
PCB16200
POOCCA1X
POOCCA1X
PCB16200
PCB16200
POOCCA1X
POOCCA1X
PCB16200
PCB16200
POOCCA1X
POOCCALX
PCB16200
PCB16200
POOCCALX
POOCCAL1X
PCB16200
PCB16200
POOCCA1X
POOCCA1X
PCB16200
PCB16200
PSTCCSAF
PSTCC5AF

PSTCS1AC
PSTCS1AC
PCB17150
PCB17150
PCB17.150
PCB17150
FCC177BF
PCC177BF
PCC177BF
PCC177BF
PCB17150
PCB17150
PCB17150
PCB17150
PCC177BF
PCC177BF
PCCL77BF
PCC177BF
PSTCS1BC
PSTCS1BC
PSTCS1BC
PSTCS1BC
PSTCS1BC
PETCS1BC
PSTCS1BC
PSTCS1BC
POOCCA2X
POOCCA2X

PCB17210
PCB17210
PCB17140
PUB17140
PCB17140
PCB17140
PCB17140
PCB17140
PCB17140
PCB17140
PCCLl77AF
PCC177AF
PCC177AF
PCCLl77AF
PCC177AF
PCC177AF
PCC177AF
PCC177AF
PCB11020
PCB11020
PCB11020
PCB11020
PSTCCBILF
PSTCCBLF
PSTCCB1F
PSTCCBIF
PCB11030
PCB11030

PSTCCSBF
PSTCCSBF
PSTCCSBF
PSTCCSBF
PSTCCSBF
PSTCCSBF
PSTCCSBF
PSTCCSBF
PSTCCSBF
PSTCCSBF
PSTCCSBF
PSTCCSBF
PSTCCSBF
PSTCCSBF
PSTCCSBF
PSTCCSBF
PSTCCSBF
PSTCCSBF
PSTCCSBF
PSTCCSBF
PSTCCSBF
PSTCCSBF
PSTCCSBF
PSTCCS5BF
PSTCCSBF
PSTCCSBF
PSTCS1BC
PSTCS1BC




TABLE 14. COMMON CAUSE CANDIDATES (continued)

Cutset Basic Events Commonalities
227. PSTCCOBF PSTCCSAF PCB16210 PCB11030 PSTCS1BC
228. PCB16260 PSTCCS5AF PCB16210 PCB11030 PSTCS1BC
229. PSTCCOBF PSTCCSAF POOCCA2X PSTCCB2F PSTCS1BC
230. PCB16260 PSTCCS5AF POOCCAZ2X PSTCCB2F PSTCS1BD
231. PSTCCOBF PSTCCSAF PCB16210 PSTCCB2F PSTCS1BC
232. PCB16260 PSTCCSAF PCB16210 PSTCCB2F PSTCS1BC
233. PSTCCOBF PSTCCSAF POOCCB1X PCB21020 PSTCS1AC
234. PCB16260 PSTCCSAF POOCCB1X PCB21020 PSTCSI1AC
235. PSTCCOBF PSTCCSAF PCB17200 PCB21020 PSTCS1AC
236. PCB16260 PSTCCSAF PCB17200 PCB21020 PSTCS1AC
237. PSTCCOBF PSTCCSAF POGCCB1X PSTCCALF PSTCS1AC
8 238. PCB16260 PSTCCSAF POOCCBI1X PSTCCALF PSTCS1AC
239. PSTCCOBF PSTCCSAF PCB17200 PSTCCAL1F PSTCS1AC
240. PCB16260 PSTCCSAF PCB17200 PSTCCALF PSTCS1AC
241. PSTCCOBF PSTCCSAF POOCCBI1X PSTCSI1AC PCB21030
242. PCB16260 PSTCCSAF POOCCB1X PSTCS1AC PCB21030
243, PSTCCOBF PSTCCSAF PCB17200 PSTCS1AC PCB21030
24y, PCB16260 PSTCC5AF PCB17200 PSTCS1AC PCB21030
245. PSTCCOBF PSTCCSAF POOCCB1X PSTCS1AC PSTCCA2F
246. PCB16260 PSTCCSAF POOCCB1X PSTCS1AC PSTCCA2F
2u47. PSTCCOBF PSTCCSAF PCB17200 PSTCS1AC PSTCCA2F
248. PCB16260 PSTCCSAF PCB17200 PSTCS1AC PSTCCAZF
249. PSTCCOBF PSTCCSAF POOCCA2X PCB17150 PCB17140
250. PCB16260 PSTCCSAF POOCCA2X PCB17150 PCB17140
251. PSTCCOBF PSTCCSAF PCB16210 PCB17150 PCB17140
252. PCB16260 PSTCCSAF PCB16210 PCB17150 PCB17140
253. PSTCCOBF PSTCCSAF POOCCA2X PCC177BF PCB17140
254. PCB16260 PSTCCS5AF POOCCAZ2X PCC177BF PCB17140

W, R gy EE g N, SN g, NN Py SN S Em, g Ey NN Mg, W= g
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TABLE 14. COMMON CAUSE CANDIDATES (continued)

Cutset Basic Events Commonalities
255. PSTCCCBF PSTCCSAF PCB16210 PCC177BF PCB17140
256. PCB16260 PSTCCSAF PCB16210 PCC177BF PCB17140
257. PSTCCOBF PSTCCSAF POOCCA2X PCB17150 PCC177AF
258. PCB16260 PSTCCS5AF POOCCA2X PCB17150 PCC177AF
259. PSTCCOBF PSTCCSAF PCB16210 PCB17150 PCC1l77AF
260. PCB16260 PSTCCSAF PCB16210 PCB17150 PCC177AF
261. PSTCCOBF PSTCCSAF POOCCA2X PCC177BF PCC177AF
262. PCB16260 PSTCCSAF POOCCA2X PCC177BF PCC177AF
263. PSTCCOBF PSTCCSAF PCB16210 PCC177BF PCCL177AF
264. PCB16260 PSTCCSAF PCB16210 PCC177BF PCC177AF
265. PSTCCOBF PSTCCSAF POOCCA2X PSTCS1BC PCB11020
266. PCB16260 PSTCCSAF POOCCA2X PSTCS1BC PCB11020
267. PSTCCOBF PSTCCSAF PCB16210 PSTCS1BC PCB11020
268. PCB16260 PSTCCSAF PCB16210 PSTCS1BC PCB11020
269. PSTCCOBF PSTCCSAF POOCCA2X PSTCS1BC PSTCCBLF
270. PCB16260 PSTCCSAF POOCCA2X PSTCS1BC PSTCCBILF
271. PSTCCOBF PSTCCSAF PCB16210 PSTCS1BC PSTCCBI1F
272. PCB16260 PSTCCS5AF PCB16210 PSTCS1BC PSTCCBLF

Common Manufacturer X3
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EVENT  NAME OF EVENT

S -~ SUCCESS AS AFW ACTUATION SIGNAL
F1 - IMMEDIATE FAILURE GA OTSG-A NO UNISOLABLE STEAMBREAK
F2 ~ INITIAL COOLING; LONG TERM FAILURE GB OTSG-8 NO UNISOLABLE STEAMBREAK
F3 ~ OVERCOOLING IN ONE STEAM GENERATOR DC DC POWER
Fa - OVERCOOLING IN ONE STEAM GENERATOR; AC AC POWER
LONG TERM FAILURE ™ TURBINE TRAIN
F5 - OVERCOOLING IN BOTH STEAM GENERATORS TR TURBINE RESTART
F6 - OVERCOOLING INBOTH STEAM GENERATORS; MP MOTOR TRAIN
LONG TERM FAILURE FA FOGG SIGNAL OTSG-A

FB FOGG SIGNAL OTSG8
CA NO OVERCOOLING OTSG A
cs NO OVERCOOLING OTSG B
LT LONG TERM COOLING

FIGURE 11. ABBREVIATED VERSION OF MIDLAND AUXILIARY FEEDWATER
EVENT TREE GIVEN AN ACTUATION SIGNAL
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o A

Fl 15 immediate failure; the system dces not start on demand. F2 is
initial cooling; the system starts successfully but long-term failure and
no overcooling. F3 1s overcooling in one steam generator; the system
starts and continues to run successfully but level control malfunction
leads to overcocling in one steam generator. F4 is early overcooling in
one steam generator; the system starts successfully but fails to run for
eight hours and level control malfunction leads to overcooling in one
steam generator. FS5 is over cooling in both steam generators; the system
starts successfully and continues to run for eight hours but overcools
both steam generators, and F6 1s overcooling in both steam generators and
failure to run for eight hours; the system successfully starts but fails
to run for eight hours and level control malfunctions lead to overcooling
in both steam generators.
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6. RESULTS

The results presented in this sectiou show that in the emergency mode
the Midland Plant Auxiliary Feedwater System is very reliable. Redun-
dancy, separation, and availability during testing are applied in combi-
nations that make the syste.. quite sound. The results presented here
follow from the detailed fault trees given in Appendixes A, B, and C, the
data given in Appendix D, and the analysis described in Section 5. They
are based on failure of the auxiliary feedwater system to deliver suffi-
cient flow immediately upon demand to at least one SG; therefore, human
intervention to recover from some system failures is not considered. If
further analyses of the B&W nuclear plant demonstrate that a time window
exists during which actuation of the auxiliary feedwater system can pro-
vide adequate core cooling, then the effects of c erator intervention to
restore system function should improve the system reliability. Such con-
siderations will require reviewing emergency procedures to determine the
likelihood cf successful operator action.

6.1 RESULTS OF SYSTEM ANALYSIS

The results for all three initiating event cases from NUREG-0611 are
given in Tables 15, 16, and 17. 1n Table 15, the point values based on
NUREG-0611 data are tabulated along with means and variances based on
plant-specific data for the double crossover design. The distributions
obtained by propagating discrete probability distributions for the three
alternative designs - loss of main feedwater case are shown in Figure 13
to help picture the uncerizinty bands and distribution shapes. Similar
shapes apply to the other cases. 1n Table 16, means and variances based
on plant-specific data are provided for the dovhle crossover and the base
case designs. 1In Table 17, means and variances jased on plant-specific
“ata are provided for the double crossover and the three pump designs.

Test and maintenance in combination wi*» random system failures are
the dominant contributors to unavailability. They are followed by random
failures zlone, human error, and common human error in importance. For
the three pump design and in all cases given a loss of all AC power, ran=
dom independent failures are the dominant contributors. The dominant
random independent failure contributions are associated with the pumps:
either the pumps themselves, their prime movers--motors or turbines, and
the power supply to the motor-driven pumps. Dominant human errors are
associated with failure of the operator to close the full flow recircula-
tion teast valve either during a test when tne system is demanded to func-
tion, or following a test in which the valve is left in the wrong posi-
tion. Tables 18 through 29 describe the dominant contributions to condi-
tional unavailability for each of the four situations described in
Tables 15, 16, and 17.

The dominant contributors for the double crossover design system
using NRC data are given in Tables 18, 19, and 20 for the three cases of
NUREG-0611. In each case, maintenance on the turbine-driven auxiliary
feedwater pump combined with random failures in the motor pump train is
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TABLE 18. DOMINANT CONTRIBUTORS TO CONDITIONAL UNAVAILABILITY
LOSS OF MAIN FEEDWATE
Double Crossover (NRC Data)
Rank Event Description Unavailability
1 Maintenance of turbine-driven AFWP an system 3.5 x 102
failure on demand without this pump. )
2 Maintenance of motor-driven AFfWP and system JeH4 X 102
failure on demand without this pump.
3 Turbine or turbine controls fail and POSA 1.6 x 10*°
motor fails to start. )
4 Common cause--numan error--full flow test 8.4 x 10-9°
valves open after test.
5 furbine or turbine controls fail and P05A 4.0 x 10=0°
fails to deliver sufficient water.
6 PO5SB fails to deliver sufficient water and 4.0 x 10=°
POSA motor fails to start. J
7 POS5B test valve is open a~. Pr_ A motor fails 2.0 x 10=°
to start. )
8 Turbine or turbine controls fail and POSB 2.0 x 10*°
test valve is open.
9 POSB in test (operator error) and system 1.9 x 106
failure on demand without this pump.
10 POSA in test (operator error) and system 1.8 x 10-6

failure on demand without this pump.
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on demand without this pump.

ST M A AT R oy
o ‘e i1 NAN iITRI N NAL UNAVA A
) JF MAIN FEEDWATER
Base 15¢€ lante- i1 Data)
Ran tvent Description Unava 1iity
A 3 » Tal r o » LT ‘B r -
1 Maintenance of motor-driven AFWP an systen .4 1
failur on demand without this pump.
. . g -
POSA fails to deliver sufficient water and 3:3 LO
turbine or turbine control
3 Maintenance of turbine-driven stem 20 10=
fallure on demand without thi
4 PO5A fails to deliver suffi d Lst 10=
1 I 114 “ 4 .
YO58 fails to deliver suffic
- “ \ .4 . -
) nmon cause--numan error--full flow test ) e 4 1 .
1 oS -
valves open after test.
- DAL & = ~ S = " - = o . 4 1 -
0 POSA motor fails to start and turbine or 5.0 1
turbine controls fail.
,
OAG A a r . " g . 1A=
7 P05A in test (operator error, and system 5.0 1 :
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G o MT MAN “INTR Y - TN T T A A Y
& 21 JOMINANT CONTRIB JRO L\ JNUL L LUNA
[O3%2 OF MATN FEEDWAT
LOSS OF MAIN LLUNA n

™ . e (D1 =¥ . o Pé o Dab
T'hree Pump (Plant-Specific Data)

Rank

i1 ™ i (S8 | BT
Jnnavalialililily

—

n

AN

17
18

19

Maintenance of turbine-driven
failure on demand without this pump.
Turbine or turbine controls fail aind LV3875Bl1
transfers closed (controls).

Maintenance on motor-driven AFWP (POSA) and
system failure on demand without this pump.
Maintenance on motor-driven AFWP (P0O5C) an
system failure on demand without this pump.
PO5B fails to deliver sufficient water and
LV3875B1 transfers closed (controls).

Turbine or turbine controls fail and LV3875Al
transfers closed (controls).

Turbine or turbine controls fa

control valve 020B fails close
Turbine or turbine control fail
control valve 020A fails c
Turbine or turbine controls fa
motor operator fails.

Turoine or turbine controls fail and MO3870A
motor operator fails.

Turbine or turbine controls fail and P0OSC
fails to deliver sufficient water.

Turbine or turbine controls fail and POS5A
fails to deliver sufficient water.

PO5B fails to deliver sufficient water and
LV3875A1 transfers closed (controls).

POSB fails to deliver sufficient water and
pressure control valve 020B fails closed.
POSB fails to deliver sufficient water and
pressure control valve 020A fails closed.
POSB fails to deliver sufficient water and
M03870B motor operator fails.

PO5B fails to deliver sufficient water and
MO3870A motor operator fails.

PO5B in test (operator error) and system
failure on demand without this pump.

P05B fails to deliver sufficient water and
PGS5C fails to deliver sufficient water.

i1 and MO3870B

4%)

4
1

|

I

i

!

I

F

i

E
I

|

]

I

1

i

109



A o Y s e o o £ e *™um o  am A am U

| ! I I ! ! ! |

.......



TABLE 28, DOMINANT CONTRIBUTORS TO CONDITIONAL UNAVAILABILITY
LOSSE OF MAIN FEEDWATER DUE TO LOSS OF OQOFFSITE POWER
Three Pump (Plant-Specific Data)
Rank Event Description Unavailability

1 Maintenance of turbine-driven AFWP and system {2 X 107"
failure on demand without this pump.

2 Turbine or turbine controls fail and 4,160V 3¢9 x 10=%
bus 1lAO0S fails to supply power.

3 Turbine or turbine controls fail and 4,160V 3.9 x 10=%
bus lA06 fails to supply power.

4 PO58 fails to deliver sufficient water and 1.7 % 10"%
4,160V bus 1A05 fails to supply power.

5 PO5SB fails to deliver sufficient water and 1.7 x 10_y

4,160V bus 1lA06 fails to supply power.

6 Turbine or turbine controls fail and LV3875BA 1.5 x 10~4
transfers closed.

7 Maintenance on motor-driven AFWP (POSA) and 9.8 x 10=5
system failure on demand without this pump.

8 Maintenance on motor-driven AFWP (POSC) and 3.8 x 10=5
system failure on demand without this pump.

9 POSA fails to deliver sufficient water and 6.9 x 10=°
LV3875B1 transfers closed. p

10 Turbine or turbine controls fail and LV3875Al 5.9 x 10*°
transfers closed. )

11 Turbine or turbine controls fail and pressure 5.8 x 10=°
contrcl valve 020B fails closed. M

12 Turbine or turbine controls fail and pressure 5.8 x 10=2
control valve 020A fails closed.

13 PO5B .n test (operator error) and system 3.8 x 102
failure on demand without this pump.

i4 Turbine or turbine controls fail and MO3870B 3.7 x 10=°
motor operator fails (and controls). _

15 Turbine or turbine controls fail and MO3870A 3.7 x 10=2
motor operator fails (and controls).

16 Turbine or turbine controls fail and PO5C 3.3 x 103
fails to deliver sufficient water. -

17 Turbine or turbine controls fail and P05A 3.5 % 1072
fails to deliver sufficient water.

18 PO5B fails to deliver sufficient water and 2.6 x 10=5
LV3875A1 transfers closed.

19 POS5B fails to deliver sufficient water and 2.6 x 10~°

pressure control valve 020B fails closed.
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the aominant contributor. For the loss of main feedwater case, mainte-~
nance on the motor-driven auxiliary feedwater pump combined with random
failures in the turbine trzain ranks second. 1In the other two cases, this
failure mode is not as important because of the reduced availability of
AC electrical power. Next in all cases 1s turbine or turbine control
failure coupled with failure of the motor-driven pump motor. Using
plant-specific data for the double crossover system, Tables 21, 22, and
23 show the same dominant contributors appear with some changes in order~-
ing.

Dominant contributors for the base case design using plant-specific
data are presented in Tables 24, 25, and 26. These results are very sim-
ilar to the double crossover case using plant-specific data both in the
Lnk order of the individual contributors and in the quantification.
Tables 27, 28, and 29 present the dominant contributors for the three
pump design using plant-specific data. The overall results of this
design are not as good as for the double crossover or base case designs.
Although there are three pumps, success tequiresg either the turbine pump
operating or both 50% motor pumps operating. The leading contributor for
the cases when AC power may be available is maintenance of the turbine-
driven auxiliary feedwater pump combined with random failures in the
motor=driven pump trains. However, the large nurber of fairly important
contributors due to random failures throughout the system leads to the
overall effect that combined random failures provide the dominant contri-
bution to system unavailability. Such random failures include failure of
the turbine or turbine controls combined with single motor pump train
level control valve failing, failure of the turbine-driven pump combined
wath failure of power to either electrically driven pump, turbine or tur-
bine controul failure and a single pressure control valve in a motordriven
pump train failing, and failure of the turbine-driven pump combined with
failure of a motor-operated valve in either motor-driven pump train.

This design suffers from the fact that success, given a failure in a tur-
bine pump train, requires that two complete trains of motor-driven pumps
operate.

The selected design, the double crossover system, has very low
unavailability. Nevertheless, it is instructive to list possibie system
modifications that have potential to further reduce that unavailability.
To improve unavailability, the modifications must attack dominant con-
tributors of Tables 18 through 23. For example, consider the following
dominant centributors and the possible modifications that might address
them.

. Maintenance of the turbine-driven auxiliary feed pump and system
failure on demand without this pump--reduce the frequency of
pump maintenance by carefully eliminating any nonessential main-
tenance, consolidating maintenance, etc., and reduce the dura-
tion of pump maintenance outages through additional preplanning,
training, etc.

- Maintenance of the motor-driven auxiliary feedwater pump and

random failures in the turbine-driven pump train--same as for
turbine maintenance.
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- Turbine or turbine controls fail combined with rrndom failures
in the motor-driven pump train--modifications to improve reli-
ability of turbine controls, perhaps provisions for preheating
control fluid ana positive identification that the turbine trip
18 reset.

B Human errors associated witlh the full recirculation flow valve
during and following pump test--carefully written test proce~-
dures to ensure the valves are reclosed, staggered testing to
avoid sequential highly coupled human failures, automatic clos-
ina of these test valves when an AFWAS is present.

These contributors are responsible for approximately 80% of the total
unavailability of the auxiliary feedwater system. Thus, improvements
could have a substantial effect on the overall unavailability. However, a
word of warning is appropriate. 1t is possible _nat some of these
changes could create more problems than they solve. For example, a
redesigned turbine control system might not perform better than the one
already installed. Also, for any of these options aimed at the single
cause of failure, accomplishment of any one enormously decreases the
value of those remaining. Finally, the system is already very reliable
and no serious deficiencies have been identified. Any changes considered
should only be made after a careful evaluation of all costs and benefits
including the chance that a change aimed at improving reliability could
actually degrade it.

6.2 RESULTS OF EVENT TREE ANALYSI1S

The event tree analysis described in Section 5 has been performed for
the double crossover system (see Figures 1l and 12). A decomposition of
the double crossover system event tree and time dependent reliability
calculations have been used to quantify the system event tree. Probabil-
ities have been calculated for each path and ~ach sequence number in
Figure 12. We have summarized those calculations in the following brief
table.

Relative
Frequency
System State Pollowing
Demand
l. Immediate failure 4 x 1075
2. 1Initial cooling, long-term 1 x 1073
failure
3. Successful operation but 2 x 1074
overcooling in at least
one SG
4. 1nitial overcoolinj and 2 x 1079
long~term failure
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APPENDIX B

MIDLAND AUXILIARY FEEDWATER SYSTEM FAULT TREF

|

E _CROSSOVER DESIGN

This appendix presents the fault tree model constructed to represent
the AFWS as it is presentl 1

the component failure modes necessary to fail the system. The fault
trees have been heavy lined to show the level to which the quantification
was performed. Quantification was performed to the level at which the
ost applicable data was available. The detailed fault trees were
constructed to ensure that all components which could possibly affect the
system performance were included in our analysis.

y designed at Midland. The tree logic defines
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APPENDIX C

MIDLAND AUXILIARY FEEDWATER SYSTEM FAULT TREE

THREE PUMP DESIGN

This J;pa:dxx presents the fault tree m'del constructed to represent
2t

an alt e design of the AFWS. The basic system modeled was similar to
the AFWS installed at some other B&W nuclear plants. The tree logic
defines the component failure modes necessary to fail the system. The

fault trees h
quantificati
at which the mo
trees were cons
affe s

ave been heavy li.ed to show the level to which the

on was performed. Quantification was performed to the level
st applicable data was available. The detailed fault
tructed to ensure that all components which could possibly

ct the system performance were included in our analysis.
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APPENDIX D

MIDLAND AUXILIARY FEEDWATER SYSTEM

COMPONENT DATA SHEETS

The following sheets were used in developing the reliability
characteristics (failure rate and time for restoration) for the
components constituting the Midland AFWS. The methods for establishing
repair time are as follows:

A. For components that are tested monthly

2 o
MTTR = 1._0% = 360 hours.

B. For components that are tested quarterly

=
MTTR = =4122~£§££§ = 1,080 hours.

C. For components that are tested when the AFW system is actuated
we have 6 actuations per year (based on industry experience).

8,760 hours
6 actuations x 2

MTTR = = 730 hours.

For components in the motor-driven pump train up to the pump
train discharge check valve, we have 6 actuations per year

(Item C. above), one test per month (Item A above), and 10 plant
startups or shutdowns per year.

8,760 hours
B Sebeaekleenib it
MTTR (6412410) 2 156 hours.

E. For components in the Condensate Storage Tank discharge up to
MOV-3856, we have 2 tests per month (2 pumps tested once per
month), 10 startups or shutdowns, and 6 actuations per year.

8,760 hours
= = -] '
MTTR 75::16:375— 109.5 =110 hours

F. For components in the turbine-driven pump trains, we have one
test per month and 6 actuations per year.

8,760 hours
= 22100 NOULS _ !
MTTR (1246) 2 243 hours

G. For components in the motor-driven pump train from the pump
discharge valve to the MFW cross-connect, we have 10 startups or
shutdowns per year and 6 actuations per year.

8,760 hours
R = ) EA A MRS i S . . ~ 7 -
MTT (10+6) 2 273.75 hours 274
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CHECXED e DATE__ L L2 CONSULTANTS - NUCLEAR POWER JOB N 083 CPC

R 2 17840 Skypark Boulevara

APPROVED [51 e D ATE t'_éﬁ-i) Irvine, Caltorma 92714 SHEET - OF __ 28
AVAILABILITY DATA SHEET gy _d Wig
ITEM Valve, Manual Butterfly Iy b IS

IVERALL FAILURE RATE: 43 (3) FAIL/10® MR,  REPAIR TIM rles _  HR
Reference
l. NPRDS5, pg. 343 - (4-11.99 inches) 2 failu in 4.631 x 10° hour

(all modes) A= (0,43 x 107° F/hr.

2. WASH-1400 Fail to remain open (plug) 1 x 109 F/1 AN¢ RF = 3

A. MTTR for monthly testing - 360 hours.

B. MTTR .or quarterly testing - 1080 hours.

C. MTTR for valve in normal service - 4 hours.

SPECIFIC COMPONENTS

l. PXV278-C Locked open, fail closed (plug) use Ref. 1, MITR Ref. B.
PXV279-C Locked open, fail closed (plug) use Ref. 1, MTTR Ref. B.

2. PXV037-C Locked open, fail closed (plug) use Ref. 1, MITTR Ref. C.

3. PMV8931D Motor-operated valves, normally closed, use Ref, 1, MI'TR Ref. B.
PMV8932D Motor-operated valves, normally closed, use Ref. 1, MITR Ref. B.
PMVB8933D Motor-operated valves, normally closed, use Ref. 1, MITR Ref. B.

MV8934D Motor-operated valves, normally closed, use Ref. 1, MTTR Ref., B.
PMV93AlD Motor-operated valves, normally closed, use Ref. 1, MITR Ref. B.
PMV93A2D Motor-operated valves, normally closed, use Ref. 1, MTTR Ref. B.
PMV93A3D Motor-operated valves, normally closed, use Ref. 1, MTTR Ref. B.
PMV93A4D Motor-operated valves, normally closed, use Ref. 1, MITR Ref. B,
PMV93B1lD Motor-operated valves, normally closed, use Ref., 1, MTTR Ref. B.
PMV93B2D Motor-operated valves, normally closed, use Ref. 1, MITR Ref. B.
PMV93B3D Motor-operated valves, normally closed, use Ref. 1, MTTR Ref. B.
PMV93B4D Motor-operated valves, normally closed, use Ref. 1, MITR Ref. B.
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083 CPC

CHECNED OATE __L/Z7  CONSULTANTS - NUCLEAR POWER JOB NO
i 17840 Skypark Boulevard
APPROVED asisn DRI € cl,( '&_ uv.ne"c.‘:ﬂo'om..;zrvx SHEET k- W . | 24 .
¥ /

AVAILABILITY DATA SHEET BY e aTe 123

T Valve, Manual Gate T

OVERALL FAILURE RATE: _ 0. 4 (3) FAIL/10% HR REPAIR TIME. _yaries Hiq.

Reference ‘

1. NPRDS, pg. 377 - (4-11.99 inch gate valve) 10 failures in 27.162 x 10°% hrs
(all modes) A=3,7 % 107 F/hr.

A. MTTR for 6 actuations/year - 730 hours

B. MTTR for 1 test/month, 10 SU/SD, and 6 actuations/year - 156 hours

C. MTTR for 24 test/year, 6 actuations and 10 SU/SD - 110 hours

D. MTTR for 1 test/month and 6 actuations/year - 243 hours

E. MTTR for 10 SU/SD and 6 actuations/year - 274 hours

SPECIFIC COMPONENTS

1. PMV3856C (Tncludes valve and fa'se signal) use Ref. 1 and MTTR Ref. C.

2. PMO3126C (lncludes valve and false signal) use Ref. 1 and MTTR Ref. D.

3. PMVB6BAC (Valve only) Normally open, transfers clcsed. Use Ref. 1 and
PMV868BC MTTR Ref, B. (868A), D (8688B) .

4. PMV177AD (Normally closed) use Ref. 1 and MUTR Ref. L.

PMV177BD (Normally closed) use Ref. 1 and MTTR Ref. [.
PMVB70AD (Normally closed) use Ref. 1 and MTTR Ref. ..
PMVB70RD (Normally closed) use Ref. 1 and MTTR Ref. A.
PMVB65 J (Normally closed) use Ref. 1 and MTTR Ref. A.
PMV8658D (Normally closed) use Ref. 1 and MTTR Ref. A.

5. PMV872AC Normally open, transfers closed. Use Ref. 1 and MI'TR Ref. A.
PMV872BC Normally open, transfers closed. Use Ref. 1 and MTTR Ref. A.

6. PXVOOlAC Normally open, transfers closed. Use Ref. 1 and MPTR Ref. B.
PXVOO1IBC Normally open, transfers closed. Use Ref. 1 and MTTR Ref. D.
PXVOO1CC Normally open, transfers closed. Use Ref. 1 and MTTR Ref. B.
PXVOO3AC Normally open, transfers closed. Use Ref. 1 and MITR Ref. E
PXVO03BC Normally open, transfers closed. Use Ref. 1 and MTTR Ref. A,
PXV0O03CC Normally o,en, tric- ... . closed. Use Ref. 1 and MI'TR Ref. E.
PXV0002C Normally ope:n., transfers closed. Use Ref. 1 and MTTR Ref. A.
PXV00J4C Normally open, transfers closed. Use Ref. 1 and MTTR Ref. E.
PXVD01l4C Normally open, transfers closed. Use Ref. 1 and MTTR Ref. A.
PXV0O01l7C Normally open, transfers closed. Use Ref. 1 and MTTR Ref. A.
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FAIL/1G" HR REPAIR TIME L1
1 v 1 d
i in 310t ral 3 Lallure In 3.70U LUY i
. 1 3 x ] 1 T o=
(dil moge / = o) v 10 I r.

~ 1 f . - ~ ~ N | | . -
& sell-aCtuace I sSsSure control val ¥ o Failure rat Ay i oa

upon englineering judagment.
d Smeanas i . . -
A MilR LOr © actuations/vear = /730 nourcs

- m P - - ~ N ~ . - . 3 - - - T~ = 9 - ™ ) » . % - ¥ - -
5. MTTR aseqa on alve POosS1ition 1ndl 210N 1nAdlcating valve 1n wrong positi

1 1 -

= i hour
v M Y - - -~ 3 ~ - ] ) B -
Ce MTTR for 6 actuations/year and 10 SU/SD - 274 hours

SPECIFIC COMPONENTS

¢ 279 A 4 o -1 e T S el ¥ e "
i, PLV75Al1D (Normally closed) Use Ret. and MI'TR Ref. A.

PL.UTSA I =) 3 : 9 ) ; - - K .

’)uit,fﬂdv '\('.ilw",,‘ 'Jkl!,) BLJ/J‘\L-) ).".l" Jgse -vll I'R f{’,:_". “e

i o am e -

PLV7581D

r SR ID

pka‘v":’_/ A

2. PXVO0O9A0 (Normally closed test valve), use Ref. 1 and MTTR Ref. B.
PXVQ009BO (Normally closed test valve), use Ref. 1 and MTTR Ref. B.
PXV009CO (Normally closed test valve), use Ref. 1 and MTTR Ref. B.

y

3 Lv87
7

AC (Normaily open) « 1 and MTTR Ref.
PLVS £

5 Us £
5BC (Normally open) Use Ref. 1 and MTTR Re

4. PLV75A1C Normally open. Use Ref. 1 and MTTR Ref. C.
PLV75A2C Normnally open. Jse Ref. 1 and MTTR Ref. A.
LV75B1C Normally open. Use Ref. 1 ard MTTE Ref. A.
PLV75B2C Normally open. Use Ref. 1 and MITR Ref. A.

s o em M = Y% =N

3 X Reference 1 and MTTR Refer«nce B.

v

5. CMUAFITO Use

6. PHVEB89-0 Use 0.1 x Ref. 1 (Normally closed, transfer open) and MTTR Re
7. PHVO20AC Use Refe H

)

nce 2 and MTTR Reference

ence 2 and MTTR Reference C.
o

n
1]
w
®
n M

PHVQ2028C U:

_ e
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DATE L CONSULTANTS - NUCLEAR POWER Joeno._083 CprC
i /e 17840 Skypark Boulevard
APPROVED o DATE : trvine, California 92714 SHEET - OF ' 4
AVAILABILITY DATA SHEET BY &L+ DATE
ITEm: __Motor Operator, AC Reversible 480V
OVERALL FAILURE RATE 4.3 (3) FAIL/10® MR, REPAIR TIME 3
Reference
l. WPRDS, pgs. 448, 449 (Direct acting, reverse acting, double acti
geared) (includes valve) (includes controls) (all modes)
255 failures in . 416 x 10° hours A= 11.38 x 10™° F/hr.
2. WASH-1400 MOV Fail to operate 1 x 107° F/Demand RF 3
(Includes operator, valve and controls
3. IEEE 500 pg. 386 IOV Fail to operate
Low Med. Rec.
1.25 2.5 12.5 in 10% cycles RF - 3
4. NPRDS pg. 243 (motor polyphase 480VAC) i
53 Failures in 12.405 x 10° hours A = 4.27 x 107°% f
A. MTTR for gquarterly testing - 1080 hours
SPECIFIC COMPONENTS
1. PMO8931A Operator only, use Reference 4 and MTTR Reference A.
PMOB932A Operator only, use Reference 4 and MTTR Reference A.
PMC8933A Operator only, use Reference 4 and MTTR Reference A.
PMO8934A Operator only, use Reference 4 and MTTR Reference A.
PMO93A1A Operator only, use Reference 4 and MTTR Reference A.
PMO93A2A Operator only, use Reference 4 and MTTR Reference A.
PMO93A3A Operator only, use leference 4 and MTTR Reference A.
PMO93A4A Operator only, use Reference 4 an” MTTR Reference A.
PMO93Bl1A Operator only, use Reference 4 aid MTTR Reference A.
PMO93B2A Operator only, use Ref ‘rence 4 and MTTR Reference A.
PMO93B3A Operator only, use Rercvrence 4 and MTTR Reference A.
PMO93B4A perator only, use Reference 4 and MTTR Reference A.
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LR S A N e i e e N e e N 2 ANl N g s ) - SN
o a ATr 4 - 4 ¢
OVEF FAILUR \ ——0 CEESENEETEIENC R T e FAIL/10" M}
Reference
. "™~ . { AL % - v
i NPRDS, pgs. 450, 451 (Direct acting, reverse
TR =T Tl ~ s 1 1 1 o 3
geared) {t1ncliudes contcr 15 ) {all 183
. - 3 . 1 ( 1 g \
37 Failures in 1.169 x 10" hours A
7 | WACH-14 - M N v - A } r )
& WADSII=1l4 see MOtTtOoIl erator, AC, &C 9, I8 P
C Y 3 - g o, = 7 c
kO IEEE 5(C . X i rator, AC, si e @ X
¥ ~ v 24 4 - - .~ T Y - >3 " Q
4. NPRDS, pg. <249 (MOCOr C mutator single Si
o~ v 3 - - ) 1 L 3 "
- fallildices LIl V.&93 X 2 il il S

A. MTTR for 1 test/: itk and 6 actuations/year -

1o
e T 1 77A A ™ > - ) 1 R

L. PMO177AA Operator only, ef. 4, ar
DM 793 A 1 3 1 o N -6 1
MOl 7/ JBA I wer [\ }).8 x 107° 1

€ 14 for fuse)

1 ¢ - n . 7 -0 P

\lv)./' T UL = 19,78 = 17.0
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/2. p Pul\.ml L(mc.md Garrick, Inc. . !
CHECKED___! OATE L LY/ . CONSULTANTS - NUCLEAR POWER NBNO, _UBJ LR
y /

17840 Skypark Boulevar

APPROVED - DATE L5 Irvine, California 92714 SHEET ‘}, ofF__ 24
-
/ .
AVAILABILITY DAT. 5i'EET Y M DATE
mem: _ AC Distributicr ®uses (4160, 480, 120)
OVERALL FAILURE RAT 14.4 (10) FAIL/105 HR.  REPAIR TIME e MR

1. NPRDS, pg. 25 Plant electrical systems (less standby/auxiliary power)
5 System failures in 1847 x HOE hog:s
80 Component failures in 1847 x 10-° hours
A= 4.3 x 1077 F/hr.
From bar graph on effect of failure by major components
= 1/3 of failures result in loss of subsystem/channel
| 80 . -
i1 S———— 14.4 x 10”° F/hr
1847 x 10

A. MTTR Based upon technical specification requirements

SPECIFIC COMPONENTS

and MTTR Reference
and MTTR Reference
and MTTR Reference
and MTTR Neference
and MTTR Reference
and MTTR Referpnco
and MTTR Reference
and MTTR ReLerence
and MTTR Reference
and MTTR Reference
and MTTR Reference
and MTTR Reference

l. JOOlAOS5F Use Reference
JOO1A06F Use Reference
JOO1BP3F Use Reference
JOO1BP4F Use Reference
JOQ1BS55F Use Reference
JOO1B56F Use Reference
JOO1Y13%¥ Use Reference
JOO1Y1l4F Use Reference
JOO1lY31lF Use Reference
JOO1Y32F Use Reference
JOOl1lY11lF Use Reference
JOOl1Y12F Use Reference

Pt ot et et et et e ek ek e et et
b e e e e < i~ e~ e - B - e

NOTE: For loss of offsite power cases, use 3.7 X 102 Failure on
demand. Ref. WASH-1400 Appendix 2 Flectric Power System Analysis
(Qgpg - 3.7 x 1072 Failure on demand)

10

)
I
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" 17840 Skypark Boulev: d !
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A f 1 SRS S S—— B asmmibualinasifnss Irvine, Calitornia 92714 St S—— S—— | -
AVAILA Iy UA gl I e e NE— it y S
. . * o5y $ R
- -4 R L5 LA & >4 . . - A . B S
OVERALL FAIL p— — R Sl . _FA { R M HR
R af "
1 1 y ( S + 4 § ) 1
A Wi » ’ Py ] 3 » Y & U i 1 i | I
] "+ ¥
4 ’ 4 i 4] id LUTI¢
Fy afFi .+ £ €a31111y ray ; F ac y § .
rr L3 £ £allu grat ~ Ui i ! pPu
A ‘ ] ¢ ¢ ~ + or
A 11 1/3 f 109 failures c 1 t 1ul
“'
- 3 ™ /Y
J -~ A i .
4 » -
M T e = } r WE——— " rachy y Y ¢
e Mi 1 A ¢ S Da d 1Cal ¢ 11 11
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. ‘ Pickard, Lowe and Garrick, Inc.

CHECKED : DATE ~ CONSULTANTS - NUCLEAR POWER o R R R
b 17840 Skypark Boulevard ) s -
APPROVED DATE L s frvine, Calitornia 92714 SHEET ,,____‘L.LA____.. BF s

Sy . ’(‘( ATE ’
AVAILABILITY DATA SHEE 8y - . DATE

ITEM: DC Distribution System
LN — - -
_ 'Y . - :

OVERALL FAILURE RATE 11.2 e NAT) FAILNO® A, REPAIRTIME: ____ ¢  HR
R"fL’.’!'r‘.C"
l. NPRDS, pg. 26 42 Systems; 1164.4 x 10° hours; 0 system failure:s

in 35,630 tests. There have been 39 component failures

in this tine period.

39 -£
" / - o )
Estimate A ————— = 3,35 x 1C
1 3
1164.4 x 10
~1 \ -6 - o e g

2. WASH-1400 3 X 1079 /hr. RF - 3 no/output (Batteries)

: - . -
3. NPRDS, pg. 2¢ Batteries .42 x 10 F/hr.

From bar graph 1/3 of component 13ilures cause subsystem

r
failure 1 39
3

- ” \ s  Jam . . 1 7o B YS  7 £1 v13
A. MTTR 2 hours based on technical specification requirements




2 ., Pickard, Lowe and Garrick, Inc, _

CHECKED = DATELL L% 2 CONSULTANTS - NUCLEAR POWER Josno, _UE2 CFX
) 17840 Skypark Boulevard 1

l AFFROVED k DATE L ld Irvine, California 92714 SHEET . A

AVAILABILITY DATA SHEET BY. e DATE

item:  Breaker Circuit Closer/Interrupter AC 450V [MCC] 120V Panel
D 3i9 (3) ' 130D ;
OVERALL FAILURE RATE V.3 \ FAIL/10° HAR. REFAIR TIME 4 HH
. L
o Falw wie ’ ve 1.
Reference A E
. @ ‘
! i - = T o N
N, =~ 2 - i Padures 10" 1 Fadures '
: | IEEE 500, Indoor design - | R ool TP [ s, eyl
- . 1 = - ! - . .
pa. 148 AC Breakers RF = 5| S e— L. } —t
iAx - i M 88 ¢ .
! ATALTROPN | . 2 4 %% 4 -
|
b geration | Q0% M) 4
. n | | % P
M ") 3 aper -\l L]
|
| T» e
|
| o | )
] |
| Operates prematyre’y i
! ™ ¥ 7 . ¢
l vy 1 3 - e . > - /™ P —
2. WASH-1400 Fail to operate 1 x 10 3,3, RF = 3
. e W b ia, ) -6 T
Premature Transfer 1 x 10 “/hr. RF = 3
3. NPRDS, pg. 97 Indoor Sealed Manual 13 failures in 33.110 x 10” hours
- -
A= 3.93 x 107/

l A. MTTR Based on engineering judgment and announced failures - 4 hours
SPECIFIC COMPONENTS

l. PCB11030 (480V MCC CB for S.W. valves) Use Ref. 3 and MTTR Ref. A.
PCB11020 (Normally closed)
PCB21030
PCB21020
PCB93A10
PCB93A20
PCB93A30
PCB93A40
PCB93B10
PCB93B20
PCB93B30
PCB93B40

' 24 PCB15260 (480V MCC CB for MOV3B870A, B) Use Ref. 3 and MTTR Ref. A
PCB16260 Normally closed)

n
©

and MTTR Ref. A.
and MTTR Ref. A.
and MTTR Ref. A.
and MTTR Ref. A.

Ref.
Ref.
Ref.
Ref.

b-1

.i 1, PCB16200 120V Panel CB
3 PCB16210 120V Panel C

v
®

PCB17200 120V Panel CB
PCB17210 120V Panel CB

ccCcaccac
0 u
® o

w wWwww
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CHECKED DATE 2L CONSULTANTS - NUCLEAR POWER JOENO. _ 083 _CPC e
17840 Skypark Boulevard 1 A .
- g 5 . .
APPROVED e DATE L) livine, California 92714 SHE il GF il
; y &
NITITY NATA CUCTDT v /4 \ na /]
AVAILABILITY DATA SHEET By = 0ATE LLLL L.
TEM Fuses —— -
3B | [ =
OVERALL FAILURE fa V&l ST __7(»______ FAIL HR REPAIR TINE: 1 e A
Reference |
e z Foiwe Mowte ? Paiuen Rate
1 = A 1 ! | ]
Ao U0 Js 419 [o———— ——————d
| Faduron. 1 0° Hours | [ a— ies
| —— v — v — v
! - Me Mas | - -
e + | " Mol | | Wones | 4
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| | r
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i |
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! |
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A. MTTR base n announcead ailures = 1 hour
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CHECKED 4

APPROVED i

J 4/ " .'
DATE LLLL

(A

DATE 4

AVAILABILITY DATA SHEET

CONSULTANTS

Pickard, Lowe and Garrick, Inc.
- NUCLEAR POWER

17840 Skypark Boulevard
Irvine, Calitormia 92714

joeno.__U83 CPC

snegr_ 16 oF __24
Pl 1

BY ) pate /(79

Control

i 00-199VDC

ITEM: Relavy -

OVERALL FAILURE RATE: ¢.39 (3) FAILNO® MR, REPAIR TIME . MR

Reference

1. NPRD3S, pg. 289 26 failures in 44.137 x 12° operating hours
General Purpose A= .59 x 107°

A. MTIT see sheet 17

B. MTTR for monthly “est - 360 hours

SPECIFIC COMPONENTS

PRELIALLF Use Reference 1 and MTTR Reference B.
PRELBL1F Use Reference 1 and MTTR Reference B.
PRELALZF Use Reference 1 and MTTR Reference B.
PREIBL1ZF Use Reference 1 and MTTR Reference B.
PRELL11lF Use Reference 1 and MTTR Reference B.
PREL1112F Use Reference 1 and MTTR Reference B.
PRE1AO3F Use Reference 1 and MTTR Reference B.
PRELAQOBF Use Reference 1 and MTTR Reference B,
PRE1IBO3F Use Reference 1 and MTTR Reference B.
PRELBOBF Use Reference 1 and MTTR Reference B.
PREAI0OLF Use Reference 1 and MTTR Reference B.
PREA3OZ2F Use Reference 1 and MTTR Reference B.
PREASBOQLIF Use Reference 1 and MTTR Reference B.
PREABQC2F Use Reference 1 and MTTR Reference B.
PREB301lF Use Reference 1 and MTTR Reference B.
PREB302F Use Reference 1 and MITR Reference B.
PREBBOL1F Use Reference 1 and MTTR Reference B.
PREBBO2F Use Reference 1 and MTTR Reference B.
PRE151i2X Use Reference 1 and MTTR Reference B.
PRE1514X Use Reference 1 and MTTR Reference B.
PRE1/A10X Use Reference 1 and MTTR Reference B.
PRE1613X Use Reference 1 and MTTR Reference B.
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CHECKED [ K

Pickard, Lowe and Garrick,

. TADN N

17840 Skypark Boulevard

Inc.
D DATE L LLL CONSU ANTS - NUCLEAR POWES

=)

APPROVED DATE Irvine, Califormia 92714 SHEET ____ L '.:‘___;;_' B
AVAILABILITY DATA SHEET BY | DAT 4 '(_‘_
ITEM Relays, Protective
) .
OVERALL FAILURE RATE 0.036 __(3) FAIL/10° HAR REPAIR TIME .- MR
|
Reference ! Pl Male [ Fusture Rate
bV 1 2R3l ) - B
| e 4
l. IEEE 500, pg. 15 | rememiotuen | Fetweoistore |
. pn— -- ! . | ¢ ! dar ;7 - | * . ‘-u:<
| | ’ |
e | .o2) .o s{10.56 | 5 3 .
| carasTRomwic ’ oo | ase - vJ -2
i Sourtoys Uperetion i x " | ’ |
| Fatls to open | | o - {¢
| & der to coll, sechenism | ‘ }
! B, due to comtacts ! i -RF =~ 2
| Fa0s 10 close E ‘ | 854 ¥ » .:
| 0. due to cotl, mecrentin | | !
! B, Sve to comtects 1 I ! '
| QESRADED : 0e " ,'. n ' |
? ontacts chattering | | | : I
l 19 1P 1N 1 0% s l20 ‘
:\n ‘J‘:‘:‘H ee Sheet L7

360 hours

3
MTTR for monthly

P e
W
-

SPECIFIC COMPONENTS
Reference
Reference
Keference
Reference

Lo PCN1C560 Use Reference
PCN1D120 Use Reference
PCN1C120 Use Retference

U

4
f
PCN1D560 se Reference

- &

and MTTR
and MTTR
and MTTR
and MTIR
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CHECKED (~

APPROVED

/ ,  Pickard, Lowe and Garrick, Inc.

DATE.LLZLZ.  CONS

AVAILABILITY DATA SHEET

ULTANTS - NUCLEA
17840 Skypark Boulevard
Irvine, California 92714

R POWER

e
ITEM: jo

OVERALL FAILURE

FAIL, ”JF' HR,

REPAIR TIME

=
x

P

Reference

& EEE 500
Potentia

former

see sheet

Fadure Rate

| L n
1 - ‘ 1
L /10" Mours | Faduren 10% -
# miamaiefnndiom + msesi
k. - Mieh | Mus | Low e | then | saal
S S e —————— —4
] ! 1 1
AL mo0ES or2| s sl ul { ! | |
| ! | i ! |
CATASTROPMI 555 | 0130 2.8 617 : | i
] |
1\« sutput ‘ ] | { { |
{ | f ‘ |
I. removed decause of shorty { M 07| .04 4 M{ { | |
| | | | |
[b. opes cireyit 0108 | 0804 sof 120! | | | :
| |
E_ = | | { i |
{RESRADED 0063 | 0469 | 438 7| : ! i |
Mechanical damage ! ! | l ! ’ ; l
| | | | |
fivciien 0102 |.0758 | .708| ;u’ ‘ | [ ]
i | | | | ! |
| ! i ! |

0 failu
0-299VA
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g ,/4; + Pickard, Lowe and Garrick, Inc.
CHECKED DATE Z CONSULTANTS - NUCLEAR POWER Jjosno._Q83 CpC
) ‘ 17840 Skypark Boulevard v
APPROVED DATE Irvine, California 92714 SHEET 233 OF 24
AVAILABILITY DATA SHEET BY por pate 77
ITEM: _Miscellaneous Circuits
OVERALL FAILURE RATE: _See below FAIL/ 105 HA. REPAIR TIME aries HR
Reference
SPECIFIC COMPONENTS
I PSTMOSAF Motor operator - 19.76 (sheet 6); master contractor - 0.12
PSTMOS5BF {sheet 15); 95-1 Relay - 0.49 (sheet 17); FOGG Fuse - 0.02
(sheet 14); FOGG Breaker =- 0.39 (sheet 12);
A= 20.8 x 10°°, MTTR = 730 hours, RF = 3
8 PSTMOOAF Motor operator - 4.27 (sheet 5); Master contractor -
PSTMOOBF 0.12 (sheet 15); 95 Relay - 0.49 (sheet 17); FOGG
Fuse - 0.92 (sheet 14); FOGG Breaker = 0.39 (sheet 12);
A= 5,29 x 10°9, MTTR = 730 hours, RF = 3
E 3 PSTBR1AF Breaker - 1.29 (sheet 12b); 3X relay - 0.6 (sheet 16);
PSTBR1BF OC Relay (2) - 0.07 (sheet 18); UV Relay - 0.04 (sheet 18);
GF Relay - 0.04 (sheet 18); Fuse (2) - 0.04 (sheet 14);
A= 2,12 x 106, MI'TR = 156 hours, RF = 3
4. PSTCCALF Control transformer - 0.41 (sheet 22); Power fuse - 0.02

(sheet 14);

PSTCCAZF Open coil - 0.49

PSTCCBLF LP circuit consisting of: Dbreaker -
PSTCCB2F 62 Rela: - 0.04 (sheet 18); 3 x Relay
PSTCCA3F Fuse - 0.02 (sheet 14).
PSTCCA4F A=1.90 x 10°%, MTTR = 4 hours (circ
PSTCCB3F indicated) RF = 3
PSTCCBAF

D-25

(sheet 17);

Close co1l -

0.49

0.39 (sheet 12);
= 0.04 (sheet 18);
cuit failure

(sheet 17);
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Pickard, Lowe and Garrick, Inc.

o Z4 1 /7 ‘
CHECKED OATE LLL L CONSULTANTS - NUCLEAR POWER Jogno. _UB3 CPC
. j /L 17840 Skypark Boulevard a
APPROVED DATE 2 Irvine, Calitornia 92714 SHEET 230 OF
AVAILABILITY DATA SHEET gy ___#t! DATE
ITEM: _Miscellaneou: 5 Circuits '
\ A . Hoc A Conmn b Y W "1
OVERALL FAILURE RATE - ——" FAIL/10® WA, Repai TimE: Varies - HR
Reference
SPECIFIC COMPONENTS
- 3 PSTCCS5AF Close coil - 0.59 (sheet 16); Open coil - 0.59 (sheet 16) ;
PSTCCS5BF Power fuse (2) - 0.04 (sheet 14); Time delay relay - 0.08
PCCLl77AF (sheet 21).
PCCl77BF A=1.30 x 10°%, MTTR = 4 hours, RF = 3
6. PSTCCOAF Close coil - 0.49 (sheet 17); Open coil - 0.49 (sheet 17):
PSTCCOBF Power fuse - 0.02 (sheet 14); Transformer - 0.41 (sheet 22).
A= 1.41 x 10-6, MTTR = 4 hours, RF = 3

7.  PSTSL1AF
PSTSL2AF
CCLACLE
CClAC2E
PCCLBCLE
PCCLBC2E

8. PS I‘"Slr\
PSTCS1BC

9. POOCCALX
PCWCCA“K
POOCCB1
poog;azx

x 10°%° F/hour based on engineering judgment.

MTTR = 4 hours based on indication available in the control
room.

RF = 3

A= 0.01 x 10°% F/hour based on engineering judgment.

MTTR = 4 hours. RF = 3

A= 20 x 10°® F/hour based on engineering judgment as

no data was available for electrohydraulic valves.

MTTR (POOCCAlX) = 274 hours
MTTR (all others) = 720 hours RF = 3
D-26
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Ra f -
Reference

lant Reliability
m

=
Data System 1978 Annual
0

£f Cumulative

(

and Sensing Component
Reliability Data for
Nuclear-Power Generating
Stations,

IEEE Std. 500-1977

Data Summaries of Li~ensee
Event Reports of PUMF™ at
U.S. Commercial Nuclear

Power Plants NUREG/CR-120.

[

"RENCES
Source Date
National Technical Infcr- 1979

mation Service,

field, VA 22161

Commission

U.S. Nuclear Regulatory 197

Spring-

cal Infor- 1980

National Technica

mation Service,
field, VA 221€
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