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motor operated valves, nommally isolating the train from the
Steam generators, would be manually opened from the control
room when the pump is started.

In all other respects the third train configuration is
identical to the Post-TMI configuration.

Analysis-Based Configuration

This configuration is based on results of the reliability
analysis of the Post-TMI configuration. The Post-TMI
configuration is found to be most susceptible to failures of
motor operated valves (MOV) to open/close on demand and to the
inability to implement the feed nd bleed procedure following
loss of offsite power events. The analysis-based
configuration represents the presently planned AFWS
configuration at the end of the 1982 refueling outage. It
incorporates several design modifications as well as
improvements to the feed and bleed procedure. These
additional system modifications include the following:

1. The speed switch control for the pump discharge MOVs
AF-360 and AF-388 is eliminated and the valves are
normally aligned and locked open.

- The MCVs AF-3870 and AF-3872 are normally aligned and
locked open.

3. 11l four turbine steam admission valves, including the
valves in the crossover paths, open on an SFRCS signal.
In this case, both turbines are supplied with steam from
both steam generators through parallel paths. In the
event of a st2am generator isclation due to low steam

generator pressure the isclated steam generator discharge
valves close and the steam supply system to the turbine
is identical to the Post-TMI configuration.

4. Flow indication is temporarily installed in both AFW pump
minimum recirculation lines during surveillance testing.
This permits flow testing of pumps to be performed
without opening valves AF-2l1 and AF-23 (for pump Yo. 1)
or AF-22 and Ar-23 (for pump No. 2). Thus, an auxiliary
feedwater pump remains available if the AFWS is
challenged during a surveillance test.

§. The startup pump discharge valve FW-106 is locked open
and a check valve placed between the pump and FW-106.

S. The startup pump bypass valve ™W~102 is locked closed.
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7. Redundant steam generator pressure and level control room
indicators are provided for each steam generator. The
startup pump feedwater flow indicaticn is upgraded.

3. The makeup system valve MU-33 and startup feedwater
control valwes SP-7A and SP-7B are controlled from the
station nitrogen system or local nitrogen bottles and are
therefore available following a loss of offsite power.

9. The original feed and bleed procedure is modified to
better reflect the steps necessary to implement the feed
gad bleed operation. Improved descriptions of various
parameter responses enhances the ability to recover from
incorrect operator actions. The revised procedure format
will be similar to the Abnormal Transient Operating
Guide'inres amargency procedures.

10. T™e feed and bleed procedure is extended to the situation
in which offsite electrical power is unavailable at the
plant site.

AFWS m re st:-l

For the purpose of this study the makeup system, PORV and wmain
feedwater startup pump train are considered part of the AMWS,
since they directly support the AFWS safety function. Other
plant systems indirectly support the AFWS as well. These
include:

- electric power system

- SFRCS

- service water system

- fire protection system
- station nitrogen system.

Cf these support systems, the reliability analysis results are
only impacted significantly by the electric power system. The
electric power system is, therefore, considered explicitly in
the reliability analysis. The impacts of other systems are
conservatively estimated (as discussed in section 4.3.1) and
found to be generally insignificant.

The importance of the electric power system is based uporn this
system providing the electric power for valves, motors and
pumps throughout the AMWS. These power supplies can be
categorized as:

- powered from essential AC-buses
- powered from non-essential AC-buses
- powered from OC panels
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The DC panels are normally powered by battery chargers powered
from essential AC buses. In the event of a bus failure,
however, the DC panels are backed up by battery power
supplies. As a result, the DC panels have relatively high
reliability. The essential AC buses are powered by the
turbine generator (through the auxiliary startup transformer),
offsite power sources or a diesel generator.

For events challenging the AFWS it is assumed that a turbine
generator trip has occurred and that this power source is
unavailable. For events in which offsite power is assumed to
be lost, the essential buses must, therefore, be powered from
a diesel generator. One diesel generator powers the "Cl" bus
while the other powers the "Dl" bus.

The startup pump is powered from bus D2 which can be jowered
from either diesel generator. In the Post-TMI configuration,
selected non-essential buses can be fed from the diesel
generatcrs through operator action (control room coperation).
For other non-essential buses the power supply is limited to
offsite power following a turbine generator trip.

Table 3-2 lists the interfaces between the electrical power
system and the AFWS and shows the ultimate power supplies to
indivigual AFWS components.

Major differences between the Pre-TMI configurations are:

1. In the Pre~™I configuration a ground fault on any of the
Essential Motor Control Centers would cause a loss of one
of the two redundant electrical systems. Thin has been
modified in the Post-T™MI configuration with the
installation of ground-fault detectors to trip the
individual breakers on all lcads attached %o an essential
bus. (Note that this is not a ™MI-related plant
modification, but was undertaken by TECo to upgrade the
reliability of plant electrical systems.)

2. Davis-Sesse has an automatic switching system that
changes the plant's electric source from onsite power
(main generator) to offsite power in the event of a
turbine trip. Ther? is a 30 second time-delay between
the turbine trip and the generator trip. When the
generator trips there is automatic transfer of the
plant’'s electrical source from the auxiliary transformer
to the startup transformer. In the Pre~-™I configuration
there was a possibility that the generator 345 XV
breakers could be manually opened before the 30 sec time
delay and thereby fault the entire switching system by
not allowing it %o switch to offsite power. FProcedures
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have been added to insure that there are no actions done
until the 30 sec time delay and automatic switching is
completed. Also, if the 345 KV breakers are opened for
any reascn other than a degraded offsite power source, a
fast dead transfer to the offsite scurce will occur in
the Post-TMI configuration.

In the Pre-~TMI configuration there was no way to know if
there was a ground fault on one of the D.C. MCC Essential
Buses. The Post-TMI configuration includes a load fault
detection systam to correct that situation. (This change
is not being planned for completion in the 1982 refueling
outage, but will be completed later.)
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AFWS/Electric Power System Interfaces
| Electric Power| Power Supply | Ultimate
AFWS Component | Supply | T™voe | Source

| | |
AF-360 (Pre=-TMI) |MCC-ELL1E | Essential AC |Diesel Generator #1
AF-360 (Post=-TMI) |DC Panel D1P |Essential DC |Battery 1P
AF=3870 (Pre=-T™MI) |MCC-EL1D | Essential AC [Diesel Generator #1
AF-3170 (Post-TMI) |DC Panel DlP |Essential OC |Battery 1P
AF-3863 |IMCC~EL1E | Essential AC |Diesel Generator #1
AF-3188 |MCC=-FP12A | Egsential AC |Diesel Generator #2
AFP-3872 |MCC-F128 | Essential AC |Diesel Generator #2
AF-3871 |MCC=F12A |Essential AC |Diesel Generator #2
Sw=-1382 |MCC~E12A |Essential AC |Diesel Generator #1
SW-1383 |MCC-P11C |Essential AC |Diesel Genarator %2
MS-106 (Pre-T™MI) |MCC-E11C | Essential AC |Diesel Generator #1
MS~-106 (Post=TMI) |DC Panel D1N |Essential DC |Battery 1IN
MS-106A |MCC~EL2B |Essential AC |Diesel Generator #1
MS~107 |MCC-F11A |Essential AC |Diesel Generator #2
MS-107A |MCC~-F118 |Essential AC |Diesel Generator #2
ICs-38A ,DC Panel DIP |Essential OC |Battery 2P
ICs-388 |DC Panel D1P |Essential OC |Battery 1P
AV=-1 |MCC-F13 |Non-Essential AC|Diesel Generator #l & 2
AV=3 |MCC-F13 | Non=-Essential AC|Diesel Generator sl & 2
Startup Pump |Bus D02 |Non=-Essential AC|Diesel Generator #1 & 2
Makeup Pump #1 |Bus C1 | Egsential AC |Diesel Generator #l
Makeup Pump #2 |Bus D1 |Essential AC |Diesel Generator #2
MW-601 |MCC~-P11D | Essential AC |Diesel Generator #2
W=-612 |MCC-El1C | Essential AC |Diesel Generator #1
MU 3871 |MCC-E11D | Essential AC |Diesel Generator 21
MW~-T86 IMCC-E11D | Essential AC |Diesel Generator 41
W=-790 |MCC-F12A | Essential AC |Diesel Generator #2
FW~-480 [MCC-P32A | Non=Essential AC|Offsite Power
MU-2B |McC~-E11B | Essential AC | Diesel Generator #1
PORV |DC Panel DBP |Essential DC |Battery 2P
Block Valve |MCC-E16 | Essential AC |Diesel Generator #1

-
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Methodology

The reliability analysis is based on the develcopment of fault
trees for the AFWS and ‘ts suppor: systems. Probabilities for
basic events appearing in the fault trees are assigned based
on reviews of industry reliability data sources and
Davis-Besse plant-specific experience. A Boolean manipulation
computer code is then used to determine the AFWS
unavailability. The unavailability of each AFWS configuration
is determined in this manner.

The AFWS unavailability is dependent on the plant initiating
event which causes the AFWS to be challenged. The relative
differences in AFWS unavailability for the four configurations
are also dependent on the specific initiating event. In order
to develop an overall figure-of-merit for each AFWS
configuration, the annual frequencies for various initiating
events are estimated, again based upon industry and
plant-specific operating experience. The frequency of the
initiating event is aultiplied by the AFWS unavailability for
that initiating event. The results are summed for all
initiating events. The result is the overall anrual frequency
with which the AFWS is unavailable when challenged. This is
the overall figure-cf-merit for each AFWS configuration.

The analysis can, therefore, be described in the following
phases:

- system fault tree develcpment
- data analysis

- system unavailability analysis
- initiating event analysis

- combined system/event analysis

The interrelationship among these analysis phases is
illustrated in Figure 4-l.

System Fault Tree Development
4.1.1 Fault Trees Developed

Fault trees are constructed for four AFWS configurations:

- Pre=™I Configuration

- Post-™I Configuration

- Third=-Train Configuration

- Analysis-Based Configuration

| !
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The fault trees contain as the "top event”, the failure of th
AFWS to perform its safety function. The specific safety
functions are described in Section 3.l. In addition to the
fault trees for each AFWS, subtrees are developed for other
plant systems which support the AFWS safety function. These
subtrees are limited to only those parts of the support
systems which directly affect the AFWS safety function.
Support system subtrees which are developed are:

= electric power system

- main steam system

- main feedwater system and startup pump
- makeup and purification system

- power operated relief valve

The attachments include fault trees and subtrees arranged as
follows:

AFWS (Pre-TMI) Fault Tree

Main Steam System (Pre-TMI) Fault Tree
Electrical System (Pre~-TMI) Fault Tree

AFWS (Post=-TMI) Fault Tree

Main Steam System (Post=-TMI) Fault Tree
Electrical System (Post-T™I) Fault Tree
Start-up Pump (Post-TMI) Fault Tree

Start-up Pump with Feed and Bleed

AFWS (Analysis-Based) Fault Tree

Main Steam System (Analysis-Based) Fault Tree
Startup Pump with Feed and Bleed (Analysis-Based)

Subtrees for other systems supporting the AFWS safety function
are not developed. Such systems include:

- ¢fire protection system
- sService water system

- SFRC

= station nitrogen system

The reliability of these systems is found tc have a lesser
impact on the achievement of the AFWS safety function.
Conservative estimates of the unavailability of these systems
are used in the quantitative analysis of the AIWS fault trees
as discussed in Section 4.3.1.
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4.1.2 Fault Tree Methodology

For each system fault tree or subtree, the safaty function of
the system is first defined, and failure criteria applied. An
absolute determination for failure criteria is made for
systems where a reduction in capacity leads to failure or
unavailability of that system. A list of systems, safety
functions and failure criteria assumed in this reliability
study is presented in Table 4~1. Note that a 10 minute AFWS
actuation criteria has been arbitrarily assumed, for
conservatism, in this analysis.

Detailed fault trees, or subtrees, are then constructed using
the methodology and symbology of WASH-1400(5) and
1E2E-352(8), The construction of the detailed fault trees,
or subtrees, is done in a rigorous, systematic manner,
considering every component and event which could contribute
to the failure of the system. Quantitative judgements about
the likelihood of failure of a component are not made during
the detailed fault tree construction phase. The following
mechanisms for failure are included in the fault trees:

Pre-Existing Faults

- outages for test and maintenance

= demand faults for initially inactive components

- failure mechanisms which are dependent on the duration of
the standby period, and which will cause failure on demand
for initially inactive components

- pre-existing human errors, e.g.; maintenance faults

Faults Occurring During Mission

- failure of an active component to change its state, e.g.; a
demand fault

- failure of a component to continue operating

- human errors of commission

= human errors of omission

Only pre-existing faults which would not be detected in normal
plant operation are included, e.g.; pre~-existing faults in
active systems (other than test and mainterance outages) are
not considered.



Report No. 02-1040-109%
Revision 1

Page 32

In developing detailed system fault trees, single passive
failures and double active failures are considered within a
single process flow path (e.g.; within a single train of a
aultiple train system). A single failure is the failure of
one element within a process flow path which causes the
failure of the required flow path function. A double failure
is the combined failure (either random failure or dependent
failure) of two elements within a process flow path which
causes the failure of the flow path function. A passive
failure is breach of a fluid pressure boundary or blockage of
a process flow path in a fluid system; or short circuit, loss
of electrical charge or loss of ability to conduct electricity
due to physical defects in electrical systems. An active
failure is a malfunction, excluding passive failures, of a
component which relies on movement to complete i{ts intended
function upon demand. Examples of active failures include the
failure of a powered valve to move to its correct position; or
the failure of a pump, fan, or diesel generator to start; or
failure of a circuit breaker, relay, or solenoid to change
position when energized. Human errors (acts of commission or
omissicn) are considered active failures.

In constructing fault trees the following rules are applies:

= The fault tree is developed to the level where acceptable
failure data exist.

- Components and basic events are coded using an eight
character nomenclature as shown below:

A ™ 001A F

| | | |
System Code | | | | Pailure Mode
(See Table=--| | | | Code (See
4=2) !l II |==Table 4-4)
Component Code | | Descriptive
(See Table 4=3)=====| | ===lomenclature

- Parts of the fault tree which are only applicable to
specific plant conditions (e.g.; loas of offsite power
everts) are combined through a gate with the "house" logic
symbol.

= The symbology shown in Pigure 4-2 is used.

In addition, the following assumptions are made in developing
fault trees:
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= The plant is assumed to be in a normal operating condition
at 1008 power at the time of the initiating event.

= Pre—-existing faults in active plant systems (e.g.; cne
train of the makeup and purificaticn system) are not
considered, since such faults, if present, would have been
readily detected and corrected.

- Operator action to recover from a faulted condition is only
credited when the operator has sufficient instrumentation
to detect the fault and a written procedure directing his
recovery action. The probability for failure to take the
recovery action is discussed in Section 4.2.

= Component alignments, as shown on plant P&IDs and
electrical drawings, are assumed for the initial plant
configuration. However, the possibility of misalignment is
considered when such misalignment would contribute to
system failure, and when such misalignment might not be
detected in normal plant operation.

- Spuricus human acts of commission, such as taking an
incorrect action when there is no indication that action is
required, or acts of sabotage are not considered.

Data Analysis

Sata on the probabilities for fuilures or unav ilabilities of
basic events are necessary fuor tuantification .f the fault
trees. Such data consist of system and componunt failure data
and human error data. Industry data sources ard Davis-Besse
plant-specific operating experience have been reviewed to
develop a recommended data base for this analysis.

4.2.1 Industry Data Review

Sources for failare rate data are listed in Section 7.0.
These sources contain summaries of recent nuclear power
industry experience for electrical and mechanical components
generic to the industry. In some cases, the data is
supplemented by experience with similar components in other
industry applications. A major data source for nuclear power
industry component reliability is the Reactor 3afety Study,
WASH-1400(5), mhis study contains reliability data on most
components found in nuclear power plant safety systems. It is
based on compilations of many reliability data sources
avaialble at the time of the study, in 1975. Several more
recent NRC-sponscored data summaries (7,8,9) document the
reliability experience of common nuclear power plant
zomponents, specifically valves, pumps and diesel jenerators.
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These summaries are based upon Liceniee Event Reports (LERs)
through which safety system malfunctions are reported to the
NRC. IEEE-500'10) represents a thorough compilation of
electrical component reliability data. PReference (13)
contains summaries of nuclear power plant equipment
malfunctions as reported through the Nuclear Plant Reliability
Data System (NPRDS).

Failure data from these sources have bee;n reviewed and
tabulated in Table 4~5. The table lists the recommended value
for failures (expressed either as a failure rate = units of
inverse time, or as a failure probability =~ dimensionless).
Note that the recommended value is not necessarily the mean
value of the data sources reviewed; in fact, the recommended
values are generally the highest of the reported values. Also
listed, wnen available, is the uncertainty factor representing
a measure of the spread in the reported data. The uncertainty
factor is defined as the square-root of the ratic of the
maximum reported value divided by the minimum reported value.
The uncertainty factors are rounded to the nearest half
decade. Where only one data source is given an uncertainty
factor of 10 is assumed unless the data source reported the
data spread. The data in the table are presented by component
type, e.3.; motor operated valves, and by failure mechanism,
e.3.7 fallure to open on demand.

Human reliability data consist of human errors of commission
and omission. Errors of omission include omitting steps from
written plant procedures during routine operations (e.g.;
maintenance), 4during emergency operations (emergency
procedures) and during attempts to recover from a faulted
condition. Errors of commission similarly include those
committed during routine operation and those committed during
the course of the accident in attempting to mitigate the
accident. The primary sources for uunun! the
probabilities of human errors are WASH-1400'°) and a recent
NRC-sponsored study '*1) of human reliability in nuclear
power plant operations.

Table 4-5 also lists failure probabilities, and uncertainty
factors, associated with various types of human errors. The
values listed are from the above two sources.

4.2.2 ri -

Where nossible, the generic data sources have been
supplemented by analysis of failures experienced at
Davis-Besse, Unit No. l. This analysis is based upon a review
of LERs for Davis~Besse from the time it began commercial
operation until February, l98l. Due to the rather limited
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data base, this analysis concentrated on components aand
failure mechanisms which occur relatively more frequently in
nuclear power plants and which could have a more significant
impact on the AMWS reliability analysis results. The
components included in this plant-specific analysis are:

valves

auxiliary feedwater pumps

diesel generators

test and maintenance outages

human factors analysis for the feed and bleed cperation,

Valves

Failure rates for Davis-Besse motor operated valves, air
operatad valves and check valves have been determined.
Pailure mechanisms are failure to open on demand and leakage
(£or check valves only).

Failure rates are computed by dividing the total number of
failures reported in the LERs by the total number of valve
demands (for fallure to open/close on demand) or the total
number of operating valve-hours (for leakage).

LER's are limited in terms of the plant systems in which
failures are reported. In this analysis, the following six
plant safety systams are considered:

suxiliary feedwatar system
DaLn steam system

containment spray system

2igh pressure injection system
low pressure injection system
chemical volume control system

Five of these systems were considered by the NRC in the
development of their generic data base (Reference 7). The
sixth system, main steam, was considered in this analysis
since it is directly pertinent to this program.

Table 4~ summarizes results of the analysis. The total
population of valves in the system is listed along with the
total valve demands, total operating hours and total valve
failures. In computing the number of demands placed on
valves, it is assumed that valves are only operated during
testing and that the minisum testing schedule contained in the
Davis-Besse Technical Specifications':2) (s used. The
resultant failure rate is thereby coaservatively estimated.
While t=his estimate is conservative, the procedure used .s
consistent with that used in the data analysis of all U.8.
sperating reactors considersd i(n Raeference (7).
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The failure of Davis-Besse motor operated valves to open/close
on demand, computed in this manner, is a factor of three
greater than the same failure probability computed for all
operating U.S. reactors, as reportad in Raference (7). The
Davis-Besse plant-specific value is used in the quantitative
analysis of the AFWS fault tree. This failure mechanism turns
out to be a major contributor to AMWS unavailability, as
discussed in Section 5.3. Most of the motor operated valve
failures are attributable to torque switches and limit
switches being out of adjustament.

Muxilisry Peedwater Mumpe

This analysis includes failures of the auxiliary feedwater
pumps and/or turbine to start and to continue operation. The
probabilicy of failure to start is computed by dividing the
total number of reported failures by the total number of
attampts tO start the pumps. It is assumed that each pump is
only started for monthly testing, and that there is one demand
of each pump per test.

Failures te continue operation are generally attributable to
faults occuring during its standby period. The failure
probability is calculated from the total reported failures,
divided by the total standby hours for the pumps. Results are
shown in Table 4~7.

During the period covered by the data reviews, there are a
total of three demand failures of the AFWS pump/turbine. All
three of these failures occured during the first year of
commercial operation of the plant. Faulty speed control
relays were the primary cause of the failures and the relays
were replaced with relays capable of operating under design
conditions. Yo subsequent failures of this type have occured
since 1977. Since this type of failure appears to be
associated with the plant "burn in" period, it is felt that
generic industry failure probabilities are more appropriate to
“e used for analyzing the plant in its present phase of
operation. There has recently been a fourth demand failure of
the AIWS pump/turbine. It's cause is unrelated to the earlier
reported failures and, while it is not included in this data
review, it would not alter the conclusion that the Davis-Besse
AFWS pump/turbine demand faults are consistent with reported
industry average failure data. The Davis-Besse experience in
failure of turbine 4driven pumps to continue operation is in
Agresment with the generic data reported in Reference (8), so
again, the generic data are used in the reliability analysis.
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Diesel Generator

Diesel generator failures reported in the Davis-Besse LERs can
be categorized as failure to start, failure to stabilize and
failure to contl.nue operating. T™e failure to start includes
actual failures of the diesel gen'rator to start on demand.

In computing a failure probability, only demands during
monthly testing of the diesel generators are considered. This
results in a conservatively high estimate of the demand
failure rate since other diesel generator demands (e.q.;
demands imposed by other system tests) have not been ineluded
in the calculation, although any failure occurring during such
demands are included. Failure to stabilize includes faults
which prevent the diesel generator from operating for more
than a very short time after starting. These failures are
generally due cu pre-existing faults occucring during the
standby period. The failure rate for this mechanism is
computed from the total standby hours for the diesel
generators. Failure to continue operating includes faults
occurring as an actual result of running the diesel
generators. The failure rate for this mechanism is computed
from the total ocperating hours logged for the diesel
generators. Table 4-8 summarizes the Davis-Besse diesel
generator reliability experience.

In the analysis of the electric power system fault tree a
probability of failure to start and stabilize is computed.
T™is probability is the sum of the probability for failure *o
start on demand and the probability for failure to stabiliz.,
which is calculated by multiplying the failure to stabilize
failure rate by one~half the mean test {nterval.

In general, the Davis-Besse diesel generators appear to have
axperienced slightly higher failure rates than the reported
industry averages contained in Reference (9). Many of the
diesel generator failures have occurred as a result of faults
in the turbochargers. TECO plans to improve the diesel
generator reliability by installing new high capacity
turbochargers and modifying the lube oil system for the
turbochargers. While these changes are planned for the 1982
ocutage and should significantly lmprove the diesel generator
reliability, their quantitative impact on the reliability is
not known, Therefore, the higher failure probabilities
computed from past Davis-Besse experience are used in this
reliability analysias.
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Test and Maintenance Outages

Test and maintenance cutages for the AFWS and diesel
jenerators are computed in the same manner as reported in
WASH~1400(5), This calculation is dependent on the
plant-specific frequency of testing and the maximum time
allowed by the Technical Specifications‘}?), during which a
component car be out for maintenance while the plant is in

operation.

The unavailability for a component being in maintenance is:

where £, is the frequency per month at which maintenance
is performed and ty, is the average outage time per
maintenance act (expressed in hours).

The unavailability for testing is:

ft tt
Qe = 720

where £, is the testing frequency per month and t, is

the average time per tast (expressed in hours). For the
AFWS and diesel rators, the Davis-Besse Technical
Specifications'l<) limit maintenance outages to 72 hours
before the plant must be shutdown and specify monthly test
intervals. An hourly test duration is assumed. The
frequency of maintenance acts is taken as .22 acts/month,
and the mean duraticn of the maintenance is taken as 19
hours for the AFWS and 21 hours for the diesel generators.
The maintenance values are developed in WASH~1400, Appendix
112, Section 5(%),

Human Pactors Amalysis

The human factors probabilities used in the fault tree
analysis for the feed and bleed operation are computed
using NUREG/CR-1278. In each instance, the operator action
contained in the procedure is analyzed and compared to
specific events in NUREG/CR-1278. It was necessary in many
cases =0 make assumptions concerning the operator system,
since perfectly analogous examples do not exist. These
assumptions are documented in this calculation. A typical
list of assumptions is as follows:

1. Remotely operated and locally operated valves are
treated under the generic category of "Manual Valves"
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2. YNo recovery from error is assumed unless a specific
control room annunicator is available.

3. Operator errors are assumed to be consistent with
populaticonal stereotypes.

For the purpose of fault tree analysis, one number,
representing the probability of failure for that operator
action, is indicated. It must be noted, however, that this
single entry is a composite of unique errors that, when
combined, form the operator error probability shown in the
fault tree diagram. For example, the fault tree entry
“Operator Pails to Open Valve" consists of the following
components:

1. Operator omits step in written procedure
or
2. Operator selects wrong valve from grouped system
or
3. Operator operates valve incorrectly
multiplied Ly
4. Operator stress factor (moderate)

4.2.3 Recommended Data 3Sase

The results of the plant-specific data evaluation and the
review of generic data are presented in Table 4-5. Also
listed are recommended values for use in this reliability
study.

The recommended values are generally based on the following
prioritization.

= Whenever possible, plant-specific data are used.

- The highest value of recent generic data sources,
(References 7, 8, 9, 13) is used.

= The human reliability data of Reference (l1l) are used,
since this represents an expansion of the earlier work
reported in Reference (5).

Alsc shown in the table are uncertainty factors on the data.
These are determined by taking the maximum variance of the
tabulated data sources. Some data points are discarded if
they vary from the mean value by more than a factor of 100 (In
all cases, such values are smaller than the mean value so
that, in no case, are reported high failure rates discarded).
Such values are not considered in detarmining maximum
variances. The uncertainty factor is then rounded to the
nearest half decade. If cnly one data source is available, an
uncertainty factor of 10 is assigned.

[
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These values are based on judgments formed from various
reliability studies on fluid systems and safety-grade
electrical control systems. In all cases, an uncertainty
factor of ten is applied to these unavailabilities. It should
also e noted that the fire protection system has an

unava: iability of unity for loss of offsite power events and
seism.c events.

4.3.2 Uncertainty Analysis

The standard deviation of the fault tree top event
unavailability, due to data uncertainties, is determined
through a moments calculation. First soments (mean values)
and second moments for the fault tree basic event probability
distribution J.nction are input to the WAMCUT code. The code
computes the resultant top event first moment (point value)
and second moment. The standard deviation of the top event,
is then computed from the relationship

-

9% = My - My 2

where M, is the top event second moment and M, is the top
event first moment. The assumed form for the probability
distribution functions of basic events is a log-uniform
distribution. The second moment calculaticn, in conjuncticn
with the large number of events contributing to the top event,
tends to make the top event standard deviation insensitive to

the assumed probability distribution function. The limits of
the distribution are the mean value multiplied and divided by
the uncertainty factors listed in Table 4-5. Since the
recommended values are greater than the true mean values
(which could be compiled from the various data sources), this
procedure tends to bias the standard deviation towards higher
unavailabilities. The true + T value reported here is,
therefore, too large winile the - J va.ue may actually be
somewhat larger. However, the intent here is not to develop
absolute confidence limits, but rather to evaluate relative
changes in AFWS unavailability and to develop a qualitative
measure of the uncertainty in the results. Since the same
bias is used in all cases, the results can be compared in
relative terms.

4.3.3, Importance Ranking

The importance ranking is used tc judge the relitive
significance of basic events in contributing to the
unavailability of the AFWS. Events with a high importance
measure are more significant in contributing to AFWS failure.
Such a ranking is most useful in evaluating various means %o
improve AFWS availability.
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There are several measures of importance used in reliability
studies. The measure employed here is the Fussell -~ Vesely
measure'4). This measure, applied to a single basic event,

is defined as the total probability for the occurrence of a
cut set cortaining the event, divided by the probability for
the occurrence of the top event. Basically, this is a measure
of the sensitivity of the top event (AFWS unavailability) to
small changes in the unavailability of a basic event. The
Pussell-Vesely measure can be applied to generic categories of
events, e.g., the failure of motor operated valves to open on
demand, which is a feature utilized in this study.

The importance rankings in this study are computed through
hand calculations, using the minimal cut set identification
and probabilities generated by WAMCUT.

Initiating Event Analysis

Estimates for frequencies of initiating events requiring
actuation of the AFWS are developed. Initiating events
considered in the analysis are listed in Table 4-9. The
events are grouped into three event categories which differ in
their assumed availabilities for certain plant components,
equipment and systems. These event categories are:

Category 1l: Events in which main feedwater flow is lost, but
offsite electrical pownr and non-seismically
qualified equipment ares available.

Category 2: Events in which offsits electrical power is
assumed to be lost, but non-seismically
qualified equipment is available.

Category 3: Events in which offsite electrical power and all
non-seismically qualified equipment are assumed
to be unavailable.

Table 4-9 shows the categorization of initiating events
challenging the AFWS.

4.4.1 Frequency Estimates

Initiating event frequency estimates are developed from
reviews of generic industry sources, and are supplemented from
reviews of Davis-Besse operating experience. The primary
generic data sources are Raeferences (5) and (15). Davis-Besse
experience is summarized in LERs and unit trip reports.
Results of these reviews are tabulated in Table 4-10.
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Loss of Main PFeedwater

Reference (15) cites B&W reactors as experiencing this type of
transient slightly less frequently than other vendors' FWRs.
There is evidence of a "burnin” period associated with this
type of transient, with a 50% increase in the frequency during
the first two years of plant operation. The generic PWR
frequency listed in Table 4~10 is the frequency after this
two-vear period of operation. The Davis-Besse experience is
in agreement with the generic PWR frequency, so the generic
value is used in the reliability analysis.

Steam Generator Overfill

Davis-Sesse has experienced three stmam generator overfill
events, but none of these actuataed the AFWS. The generic
value is therefore assumed.

Small BSreak in RCS

Reported events in this category include control rod leakage,
primary system (primarily pump seal) leakage, pressurizer
leakage and opening of the pressurizer safety or relief
valve. Davis-Besse has experienced one initiating event of
this type, which occurred at less than 108 power during the
first month of operation. This event is not considered to be
representative of post "burnin” operation, so the generic PWR
frequency is assumed.

loss of Forced RCS Circulation

This event includes the loss of all reactor coclant pump
forced circulation as the initiating event. It does not
include loss of offsite power as the initiating event, which
would also result in loss of forced RCS circulation. The
generic data indicates that this type of initiating event is
relatively infrequent. Davis-Besse has not experienced a
complete loss of RCS circulation as an intiating event.
Davis-Sesse did, however, experience a partial loss of forced
RCS circulation (two loop flow) which resulted in low steam
generator level and AFWS actuation. The "initiating event” in
this instance is considered to be the partial loss of RCS
circulation.

Since the frequency for partial loss of forced RCS flow is
expected to be an order of magnitude greater than for total
loss of flow, and since a partial loss of flow may result
eventually in AFWS actuation, the larger Davis-Sesse based
frequency is used in this analysis.
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loss of Offsite Power

There have been three loss of offsite power events at
Davis-Besse, however, one occurred during the initial power
assentation and a second occurred as a result of power
transfer logic which has since been modified. The Davis-Besse
experience since this modification was implemented agrees well
with the generic experience of all PWR's reported in Reference
(15). The generic value is, therefore, used.

Tornado

The frequency estimate for tornadoes is taken from the
Davis-Besse FSAR. No incidents have been recorded. This
value is in general agreement with the similar frequency
e~t‘mate ~f Reference (5), which is presente~” as a
conservative upper bound for the entire Eastern U.S.

It is assumed in this analysis that a tornado would cause a
loss of cffsite power. Its impact on the AFWS and other
support systems is assumed to be negligible, siace the
buildings housing support systems are designed to withstand
the effects of a tornado.

Earthquake

The only source for this event is the estimate contained in
Reference (5). The value cited is the frequency of
earthquakes in the Eastern U.S. which result in ground
accelerations greater than 0.lg.

4.4.2 Pactors Influcncing Event Frequencies

There have been many Davis-Besse design modifications, either
implemented since the ™I-2 event or planned to be implemented
by the 1982 refueling outage, which may affect not only the
AFWS reliability, but also the frequency with which the AMWS
may be challenged. Modifications which reduce the frequency
of initiating events challenging the AFWS may actually
contribute more to the overall plant reliability and the
diminishing risk then do modifications intended to upgrade the
AFWS availability.

Unfortunately, there are generally insufficient or no plant
cperating data available with which to quanitfy the reduction
in challenges to the AFWS resulting from these modifications.
This is true not only for Davis-Besse experience, but alsc for
overall industry experience, since many plants have
implemented significant changes in design and operation as a
result of the ™I-2 event.
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The initiating event frequencies used in this analysis are,
therefore, generally based on "Pre~IMI" plant operating
experience. The frequencies are, however, applied uniformly
in developing overall figures-of-merit for all of the AFWS
configurations. (As discussed in Section 4.5, the overall
figure-of -merit is defined as the annual frequency with which
AFWS is unavailable when challenged).

The resultant figures-of-merit for the "Post-TMI", "Third
Train” and "Analysis-Based" configurations are, therefore,
conservatively high; the figure-of-merit for the "Pre-TMI"
configuration contains less conservatism. Since the same
conservaitvely high frequencies are applied to each of these
configurations, however, the relative differences in the
results are indicative of the relative benefits attainable
from each configuration. It should be noted, that significant
reductions in the annual frequency with which AFWS is
unavailable when challenged, could be attained through
modifications to plant design and operations which are not
directly linked to the AFWS.

Combined System/Event Analysis

Results of the AFWS reliability analysis are combined with
initiating event frequencies in order to derive an overall
figure-of -merit for each AFWS configuration. The figure-of-
merit is derived as follows:

= A matrix is constructed listing each AFWS configuration
and each initiating event, as shown in Figure 4-3.

- The frequency for each initiating event is multiplied by
the AFWS unavailability for that event.

= The products are summed for each AFWS configuration.

The resultant figure-of-merit is the annual frequency with
which the AFWS is unavailable when challenged.
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System Safetvy Punctions

| Safety Punction

Failure Criteria for Study

AFWS (Pre~-TMI)

]
|Primary system decay heat

| removal
|

less than full capacity flow from
at least one pump train, or

flow to st sam generator(s) delayed
more than 17 minutes from initiating
event, Or

all AFWS flow is interrupted during
required mission time.

AFWS (Post-TMI

|
|
|
|
|
I

|Primary system decay heat

and Analysis~|removal

Based)

—— ——— — —— —— — — — — — — — —

less than full capacity flow from
at least one pump train, or

flow to steam generator(s) from AFWS
delayed more than 10 minutes from
initiating event, or

all AFWS flow is interrupted during
required mission time.

full flow from startup pump delayed
more than 30 minutes, or

full flow from one Lakeup pump to
primary system delayed more than 30
minutes, or

letdown line not isclated at reactor
trip. Qor

less than full discharge from one
PORV within 30 minutes, or

feed and bleed procedure is inter-
rupted prior to HPI initiation, or
startup pump flow is interrupted
during required mission time.
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System Safety Punctions

| Safety Function

Failure Criteria for Study

]

AFWS (Third Train)|Primary system decay heat

| removal
|

less than full capacity flow from
one AFWS pump train, and less than
full capacity flow from startup
pump, or

flow to steam generator(s) delayed
more than 10 minutes from initiating
event, or

all AFWS flow including startup pump
flow is interrupted during required
mission time.

Electric Power
System

|
|
|
I
|
|
|
|
|

|Provide AC or OC powaer to
|AFWS components
|

inability to supply rated load to
AFWS components.

Main Steam System

T
|Provide steam to AFWS pump
| turbines

|

|

inability to provide sufficient
steam to maintain full AFWS pump
flow.
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TABLE 4-2

Plant System Designator

Auxiliary Peedwater System
Condensate System
Electrical System

Fire Protection System
Main Steam Sys.am

Service Water System

Feedwater System



Diesel
Filter or Strainer
Flow Element
Gas Bottle
Nozzle
Orifice
Pipe

Pump

Tank

Tubing
Turbine

TABLE 4-3

E_o_mnt Code
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Mechanical Components

AR EOARR

Valve,
Vaive,
Vllvl v
Valve,
Valve,
Valve,
Valve,
Valve,
Valve,
Vent

Check

Hydraulic Operated
Manual

Motor Operated
Pneumatic Operated
Relief

Safety

Solenoid Operated
Stop Check

02-1040-1025

52333%3332




Battery

Battery Charger
Sus

Cable

Circuit Sreaker
Control Switch
DC Power Supply
Flow Switch
Fuse

Generator
Ground Switch
Inverte: (solid state)
Level Switch
Limit Switch
Motor

Motor Starter

TABLE 4-3

{Cont.)

Cmnont Code

Electrical Components

BELRYRRAARAEERRYE

Relay

Relay or Switch Contact
Switch, Pressure
Switch, Temperature
Switch, Torque

Transformer,
Transmitter,
Transmitter,
Transmitter,
Transmitter,
Wire

Temperature
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38380 daga




Failure Mode Code

TABLE 4-4

Closed

Does Not Close
Does Not Open
Does lNot Start
Exceeds Limit
Leakage

Loss of Punction
Ma.ntenance Pault
Open

Open Circuit
Operational Pault
Plugged

Rupture

Short Circuit

Short to Ground
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