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1.0

AUXTLIARY FEEDWATER SYSTEM
RELIABILITY ANALYSIS

BACKGROUND

As a result of the Palisades Main Steam Line Break submittal,
concern has been raised, by the NRC, regarding the adequacy of the
existing Palisades auxiliary feedwater system (AFW). This concern
is based on the evaluation of the AFW model used in the Main Steam
Line Break (MSLB) submittal. Because of the importance of the
issue, this report was created to clarify any potential
misinterpretation of the results of the AFW system model analysis
included in the MSLB submittal. The intent of this report is to
provide information in support of the position that the AFW system
model, as used in the MSLB submittal, should not be construed to
represent the reliability of the system. This report focuses on two
main elements 1) an analysis which more closely represents our state
of knowledge regarding the reliability of the AFW system design and
operation, and 2) a discussion of the results derived for the MSLB
AFW model and why a significant portion is inappropriate in the
context of the overall system reliability (refer to sections 2.1 and
3.0).

In order to accomplish item 1), a separate analysis of the AFW
system was conducted using the guidelines of NUREG-0635. The
reasons for using NUREG-0635 are;

a) to maintain consistency in the method of analysis (the system
has undergone two previous analyses using these criteria).

b) the system has been significantly modified since the first
analysis, using the same criteria allows direct comparison of
the new results to the original results.

c) the results of the new analysis can be compared to the results
for other plants already analyzed using the same criteria.

As indicated in a) above, two previous reliability analyses have
been conducted. The purpose of the second analysis was to
demonstrate the level of increased reliability attainable from
proposed modifications to the system. A recent review of this
second analysis showed that the fault tree models already developed
could be used for an analysis of our existing system. Necessary
corrections and alterations to the models were made and are
identified in sectiomn 2.5.

As indicated in b) above, modifications to the system to improve
reliability by minimizing the failure effects of human error, common
causes, and single- or double-point vulnerabilities were completed
after NUREG-0635 was published. Therefore, the results obtained by
the original analysis are no longer accurate. Several of the
significant modifications are listed below.
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2.

1. Addition of a third dedicated AFW pump.

2. Manual or automatic flow initiation on receipt of low steam
generator water level, and manual or automatic isolation of the
depressurized steam generator following secondary system line

breaks.

3. Safety grade AFW flow indication to the main control room.

4. Redundant emergency power supply for the electrical equipment,
instrumentation, and control circuits associated with the
modifications.

5. Testability of AFW control circuits.

6. Seismic and environmental qualification to meet applicable

Palisades guidelines.

RELIABILITY ANALYSIS
METHODOLOGY

Fault tree .analysis was used to identify those potential failures
that could be chief contributors to AFW system unreliability during
the three transient conditions listed below.

LMFW - Loss of main feedwater with concurrent reactor trip and with
offsite power available.

LMFW/LOOP - LMFW with concurrent reactor trip and loss of offsite
power (LOOP). Onsite emergency power sources remain
available.

LMFW/LOAC - LMFW and concurrent loss of all alternating current
power (LOAC), except that which is battery derived.

The model used in the current analysis is not the same as the model
used in the MSLB submittal. The reasons for using a different model
are detailed below.

1) The time interval of interest as stated in NUREG-0635 is the
unavailability of the AFW system during period of time to boil
the steam generator dry which for Palisades has been
.established as 15 minutes. The model used in the MSLB
submittal is based on a 24 hour mission time and therefore
introduces significant contributions from failures of the
system to continue to function.

IC0286-0001K~NLO!



. 2) The model used in the MSLB submittal is a modified version of
the complete AFW fault tree. A discussion of the differences is
provided in section 3.0 "MSLB AFW Model". However, a major
difference in the models is due to an arbitrary assumption that
the failed steam generator was unavailable. This assumption
effectively eliminates the redundancy in flow paths from the
AFW pumps to the steam generators.

3) The level of detail in the current plant model goes well beyond
the level of detail prescribed by NUREG-0635. Since part of
the concern is based on the degree of reliability as compared
to other plants or proposed goals, it was decided that the
reliability analysis should be completed in a manner that
allows such comparisons.

As additional insight, each model was evaluated with two sets
of data. The first set of data is generic as provided by
NUREG-0635. The second set includes plant specific data where
such data was available. When plant specific data was not
available, generic data was used. This allows comparison of
the relative impact of the use of plant specific data to
generic data.

Analysis of the fault trees was conducted using the WAMCUT
computer code. .

. 2.2 FAULT TREES

Three fault tree models were used. The fault trees include random
failures of electrical and mechanical components and the effects of
testing and maintenance, and human error. The fault trees are shown
in appendices D, E, and F.

The trees were examined for causes of specific component failure
modes and evaluation of their likelihood of occurrence. The causes
considered were:

Random independent failures;
Test and maintenance; and
Human error.

Each of the three master trees was developed for the loss of main
feedwater (LMFW) transient condition. For other transient
conditions - LMFW with loss of offsite power (LMFW/LOOP) or LMFW
with loss of all alternating current power (LMFW/LOAC) - some
systems or components are unavailable. Those systems or components
were deleted before analysis.

NUREG-0635 was used to establish the top event of the master fault

tree, set the initiating events, and as the basic guide for the
analysis. The top event is taken from NUREG-0635 which states;
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The time interval of interest for all transient events considered is
the unavailability of the auxiliary feedwater system during the
period of time required to boil the steam generator dry. (Reference
2, page III-10)

The fault tree models were developed assuming statistical
independence for hardware/operator failures, human error, and test
and maintenance failures.

2.3 CRITERIA AND ASSUMPTIONS

The following analytical criteria and assumptions were used.

AFW system availability is defined as successful system startup
within the steam generator boil dry time of 15 minutes.

The availability conditions for AFW system power sources during
the analyzed transients were as follows;

1) LMFW - All alternating and direct current power available.
2) LMFW/LOOP - Two diesel genmerators and battery backup available.

3) LMFW/LOAC - Direct current and battery-backed alternating
current available (instrument and control power
available only)

" Although water from the fire protection system and service water
system is available to backup the AFW system condensate storage
tank, these sources were not considered in the fault tree analysis.

* All component and operator actions were assumed to be either
successes or failures. No partial successes were considered.

Top event failure probability will be calculated by summing the
failure probabilities from hardware, test and maintenance, and human
error contributions. The probabilities for each category are rare
event approximations.

* Human error probability has been considered in the Hardware and Test
and Maintenance fault trees. :

Component outage due to maintenance will only be considered for

active components (pumps, control valves, etc). Maintenance on
manual valves is considered negligible.

IC0286-0001K~-NLO1




2.4

2.5

2.5.

2.5.

1

2

DATA SOURCES

Data used for the component failure rates in the hardware and test
and maintenance trees was taken from the NRC data found in
Appendix III, Table III-3 of NUREG-0635. Electrical tree component
data was taken from IEEE Std 500. Human error probabilities were
drawn from NUREG-1278 and NUREG-0635. Specific component failure
data is listed in Appendix G.

CORRECTIONS TO FAULT TREES

As part of the preparation for this analysis, the fault trees
utilized in the second reliability analysis were reviewed for
accuracy. Several discrepancies were identified and corrected.
Changes made are indicated on the fault trees and discussed below.

Hardware fault tree

1) Operator errors had been treated as independent events. Since
each operator error in this tree involved operator response to
a failure of the automatic initiation of the system, it was
decided that a high degree of dependence was involved. Based
on this decision, all operator actions were grouped into three
basic types; a) failure to actuate the system from the control
room, b) failure to actuate the system locally, and c¢) failure
to manually operate components.

2) The original hardcopy of the model did not identify the primary
events representing the failure of preferred ac power for
instrumentation and control., These events were added to the
model.

3) The failure mode for the motor-operated valves in the AFW flow
paths was originally identified as fail to open. These valves
are normally open and should be identified as fail to remain
open. The correction to the fault trees did not get
accomplished. However, In the examination of the system
cutsets it was noted that the failure of these valves did not
contribute significantly to the system unavailability.
Therefore, no corrections were made since the only impact was a
slight conservatism in the numerical results and relative
ranking of cutsets of intermediate to low contribution.

Test and maintenance fault tree

1) As in 2.5.1 (1) above, the human error associated with
restoration of the outlet valves from the condensate storage
tank to the AFW pumps was treated as independent for each
valve. Because of the location and basis for restoration (ie
if isolation was necessary at that point then both valves must
be closed and restored), the separate events were combined into
one.
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2.5.3
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2) Credit was taken for a manual valve which bypasses the pressure
control valve in the steam line to the turbine-driven pump.
The current PRA model does not take credit for successful
operation of this valve. While it may be possible to control
steam inlet pressure to the turbine driver by manually
regulating a gate valve, the ability to do this efficiently and
consistently has not been demonstrated and it was deleted from
the model.

3) In several cases, maintenance on valves was included when a) it
is not physically possible to isolate these valves during power
operation or b) isolation would disable 2 of the 3 pumps which
is not allowed by Technical Specifications. Each of these
valves was removed from the WAMCUT input deck and are shown
lined-out in the model in Appendix E.

Electrical fault trees.

The majority of the failure probabilities for electrical components
were derived by treating the components as standby with a monthly
testing interval. Since several of the components are performing
their normal function and failures associated with them would be
immediately detectable, while this treatment is inaccurate its
importance was not obvious. Since the failure of power is
represented in the master tree as basic events with a probability
derived from the output of the evaluation of the appropriate '
electrical tree, the impact of this treatment was determined by
reevaluating the electrical trees and by examining the cutsets from
the three transient cases using generic data to determine the
importance of loss of power as a contributor to system

~unavailability.

The reevaluation of the electrical trees was accomplished by
changing the failure probability of components which do not
experience demands to probabilities of mission time failures of

8 hours (first reevaluation) and 15 minutes (second reevaluation).
In general the changes resulted in reduced unavailabilities for the
electric power sources. -

The examination of system cutsets disclosed that the only case where
the failure of electric power was identified as a significant
contributor (>1Z) to system unavailability was for the transient
initiator loss of main feedwater with concurrent loss of offsite
power. In this case, the failure of bus 1D and/or bus 1C
contributed substantially to the system unavailability. However,
the change in unavailability (using 8 hour or 15 minute mission
times) for these buses under loss of offsite power conditions was
insignificant (changed from 3.06E~02 to 3.05E-02). The reason for
the lack of difference is that the dominant failures for these buses
under loss of offsite power are actual demand failures of the diesel
generators and their output breakers.
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. Based on these results, the system fault trees were not rerun with
the revised electrical failure data. The results from the analyses
with the initial electrical data were retained while recognizing
that they were numerically conservative with respect to the
electrical failures, )

2.6 . 'RESULTS

The results of the analyses of the system fault trees are included
in Appendix A and are discussed in the following sections. The
_information provided in Appendix A is arranged as follows.

Page 1 is a presentation in table form of the numerical
unavailabilities of electrical power and the system for each
transient case analyzed for both generic and plant specific data.
The contributions from hardware, maintenance, and human error were
derived by an arbitrary reorganization of cutsets. The
reorganization was completed by 1) moving all cutsets containing an
operator error to a separate group (human error), 2) of the
remaining cutsets any which incuded maintenance were separated into
another group (maintenance), and 3) the remaining cutsets were
identified as hardware.

The remainder of the Appendix is comprised of listings of the
cutsets for each transient case. Pages two through seven involve
the output from the use of generic data. Pages eight through

. ‘ thirteen is the output from plant specific data. For each type of
data, three pages represent unavailabilities from the master
hardware tree for each transient and three pages for unavaila-
bilities from all considerations for each transient. Each page
includes a listing of dominant cutsets and the contribution of each
(cutset unavailability/system unavailability) and a listing of the
basic events which contribute substantially to the system -
unavailability (sum of the unavailabilities of the cutsets
containing the basic event/system unavailability).

2.6.1 Results from Generic Data Evaluation
2.6.1.1 General Results

The analysis indicates the factor having the greatest impact on the
unavailability in all three cases was failure of the relief valve at
the discharge of pumps P8A and P8B failing to remain closed, either
as a single or in combination with the unavailability of pump P8C or
its flow paths. Other significant contributors are: failure of P8C
either as a pump failure or due to loss of bus 1D; maintenance on
control valves or check valves; operator error; and various causes
of P8C or P8B pump trains (ie maintenance, power failure, or valve
failures). :

1C0286-0001K-NLO1
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2.6,1.2

2.6.1.3

2.6.1.4

2.6.2

2.6.2.1

2.6.2.2

Loss of Main Feedwater

The dominant failure modes for this transient are double faults.
The most significant cutset contribution is the failure of the pump
discharge relief valve to remain closed and the failure of P8C to
start. The relief valve failure represents the common mode failure
of pumps P8A and P8B. Primary event contributors in order of
significance are: failure of the relief valve; failure of P8C to
start; maintenance on control valves, check valves and P8C; and
operator errors involving restoration of valves after testing or
maintenance.

.

Loss of Main Feedwater/Loss of Offsite Power

The dominant failure modes for this transient are also double
faults. The most significant cutset contributor is the relief valve
and the loss of power to P8C. Primary event contributions in order
of importance are: the relief valve; loss of power from bus 1D; P8C
fail to start; loss of power from bus 1C; maintenance on control
valves, check valves, or P8C; operator restoration errors; and
maintenance on P8B, a pressure regulating valve, and a check valve.

Loss of Main Feedwater/Loss of all AC

The dominant failure modes for this transient are single faults. The
dominant contributors are: the relief valve; maintenance on P8B, its
check valve, and its pressure regulating valve; and P8B fails to
start and operator restoration errors.

Results from Plant Specific Data Evaluation
General Results

The failures representing the largest contribution to unavailability
in all three transients is pump fails to start. Other general
contributors are: the relief valve fajling to remain closed; failure
of the auto start circuitry and the operator error associated with
placing the system in service.

Loss of Main Feedwater . |

The dominant failures modes for this transient are triple faults.
The most significant contribution is made by the first cutset
(approximately 24%7). This cutset represents the combination of all
three pumps failing to start. The more important primary event
contributions in order of significance are: P8C fails to start; P8A
fails to start; P8C fails to start; the relief valve fails to remain
closed; and failure of the auto start circuit and the associated
operator error in response to the failure of the start circuitry.

IC0286-0001K-NLO1



2.6.2.3

2.6.2.4

2.6.3

3.0

Loss of Main Feedwater/Loss of Offsite Power

- The dominant failure modes for this transient are again triple

failures. The largest contribution to the system unavailability
(approximately 477%) is identified in the first four cutsets. These
cutsets represent failure of all three pumps. . They include
combinations of pumps failing to start and loss of power to P8A
and/or P8C. The significant primary event contributions include:

. P8B fails to start; loss of power from bus 1C; loss of power from

bus 1D; P8C fails to start; and P8A fails to start.

Loss of Main Feedwater/Loss of all AC

The dominant contributors to this transient are single faults. The
most significant contribution is the failure of P8B to start
(approximately 72%). Other contributors -are: maintenance on P8B,
its steam pressure regulating valve, or its discharge check valve;
and operator restoration errors associated with test and
maintenance. :

General Conclusions

In comparing the results from generic data versus plant specific
data, the calculated system unavailability is not significantly
different. The major difference in the results was a reorganization
of the importance of the primary events in their contribution to the
system unavailability. In the analyses using generic data, the
failure of the pump discharge relief valve for P8A and P8B is the

" dominant contributor in both cutset and primary event contribution.

For analyses using plant specific data, the combination of all
available pumps failing to start is the dominant contributor in both
cutsets and primary event contribution.

In evaluating the results from the analyses using plant specific
data, no serious deficiencies were identified. There were no single
point vulnerabilities associated with hardware or maintenance
identified., Any further changes considered should be made only
after careful evaluation of costs, benefits and importance in
relation to the results of the analysis of the plant integrated risk
model.

MSLB AFW MODEL

In this section, the reliability of the auxiliary feedwater system
as developed for examination of main steam line break issues is
discussed (ref CPC to NRC May 23, 1985). The purpose of the main
steam line break logic models was to determine the risks associated
with steam generator blowdown events and to determine the benefits
of various backfits being proposed to minimize these risks. In this
regard, assumptions were made that significantly alter the system

IC0286-0001K-NLO1
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configuration (ie eliminated redundant portions of the system) and

. therefore bias the numerical results of the analysis in a way that
make it inappropriate to use these logic models for comparison with
other risk based AFW reliability analyses such as that presented in
the preceding section. Some of the more significant assumptions
include:

- those particular to the main steam line break transient which
artificially enhance the benefits of some of the proposed
backfits,

- those conservative with respect to system reliability that had
no affect on the outcome of the main steam line break analysis
and were therefore left uncorrected,

- the exclusion of any repair or recovery of failed hardware and

- an explicit attempt to model common cause events (those
component failures which result from common manufacturer,
function, etc).

The auxiliary feedwater cutsets extracted from the main steam line

break report are included in appendix B. They are rearranged into

sections to permit an understanding of the contributors to AFW

failure (as developed in that specific evaluation) and to identify

where the assumptions outlined above had an effect. A brief

description of these cutsets follows including a discussion of their
. contribution to AFW unavailability.

The first group of cutsets include those independent to the
auxiliary feedwater system. The independent module (AUX3IT) will be
discussed in detail later. The remaining cutset contains a single
operator error — AFVOT - which represents failure to increase the
flow to the intact steam generator. This cutset results from the
assumption that the failed steam generator is isolated following the
steam line break event and remains disabled as a viable heat sink
throughout the transient. In reality, feedwater can be supplied to
this generator, particularly during non-steam line break transients
and this operator error should not be a single. In the normal
system configuration - AFVOT - would be part of group of doubles in
which the second event represented the failure of the redundant flow
path from a given pump train, This cutset, therefore, is a result
of assumptions made that are peculiar to the steam line break
evaluation. Additionally, preliminary analyses in support of the
upgrade of emergency procedures indicate that the flow supplied
automatically through a single AFW train may be sufficient for decay
heat removal.

The second group of cutsets are associated with makeup to the
condensate storage tank. Given that there 1s normally several hours
of condensate available in the tank, these failures are more closely
associated with the long term functioning of the auxiliary feedwater
system than the failures which would be identified in other

. reliability analyses (such as NUREG 0635). This part of the steam

IC0286-0001K-NLO1
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line break analysis did not take credit for operator action to
supply makeup from available systems including service water and the
fire system, as outlined in plant procedures. In the normal system
configuration with service water and fire water included as backups,
these cutsets would become substantially lower in their contribution
to the system unreliability. These cutsets, therefore, are a result
of simplifying assumptions made with respect to auxiliary feedwater
reliability that had little effect on the outcome of the steam line
break evaluation,

The last group of cutsets identify power dependencies coupled with
failures of pumps and flow control valves. The AC power system
failures involve disabling of an emergency bus (Bus 1C) which in
these models is assumed to take out one motor driven pump and the
air pressure to steam supply valves for the steam driven pump. The -
models conservatively ignore the nitrogen backup to instrument air
supply to the steam driven pump valves as well as the ability to
operate these valves locally by hand. In the normal system
configuration these cutsets would be ANDED with failures of the
turbine driven pump train or an operator action to manually admit
steam to the pump. Consequently, these cutsets result from
uncorrected assumptions which had no affect on the outcome of the
steam line break study plus a lack of accounting for repair and
recovery actions. Additionally, two of the cutsets contain flow
control valve failures which, like AFVOT discussed above, appear
because it is assumed that only one steam generator is available.
In the normal system configuration these cutsets would also include
failures of the redundant flow path from the respective pump train.

The cutsets which remain are those which make up the independent
module, AUX3IT, introduced above. The first group presented are
those associated with the attempt to explicitly quantify common
cause failures in the steam line break evaluation., Common cause
events were developed for various classes of equipment in the AFW
system including the pumps, air operated valves, and instrumentation
required to actuate the system. Generic industry data was used to
quantify these events and they end up making up the bulk of the
independent module in terms of its probability. Setting the
appropriateness of these values aside, there are a number of
features of the plant design which deserve some discussion for which
credit could be taken to mitigate these failures. Diversity in the
pump design has been provided by including both turbine and motor
drivers, for example. Also, the motor driven pumps are located in
separate areas of the plant minimizing location dependencies.
Failure of flow controllers and instrumentation can be overcome by
operator action to maintain level in the steam generators rather
than concentrate on AFW flow only. In addition, the valves
themselves can be operated locally if necessary.

1C0286-0001K~-NLO1
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Tﬁe next cutset is associated with spurious FOGG actuation (Feed
Only Good Generator). The assumption that only one steam generator

. 1s available enters in to the generation of this cutset. Given that

two steam generators are normally available this cutset should be
ANDED with failures of components in the other flow trains. 1In the
normal system configuration, this event would be represented by a
group of triples involving spurious actuation AND failure of two
flow paths. Additionally, it should be noted that FOGG signals for
the two steam generators are interlocked such that FOGG isolation of
one generator precludes this spurious FOGG signal for the other
generator. This interlock was not included in the steam line break
logic.

The next group of forty cutsets involve the loss of both flow paths
to the unaffected steam generator. Again, this is a set of failures
which results from assuming that only one steam generator is
available as a heat sink throughout the transient. These cutsets
should in fact be coupled with corresponding failures in the flow
paths to the other steam generator. In the normal system
configuration these cutsets would change to 3d and 4th order cutsets
which represent combinations of a pump train and two flow paths; or
four flow paths; or three flow paths and an operator action.

The next cutsets deal with the potential for flow diversion in the
AFW pump suction. In fact, these failure modes are incorrect. A
conservative assumption was made that a Y-strainer in the suction
line to the AFW pumps, if left open following maintenance could lead
to sufficient diversion of condensate to fail a portion of the
system. Subsequent investigation reveals that the line from the
strainer is small and will not divert sufficient flow to cause pump
suction to drop significantly, is not only valved but capped, and if
it were to be left open would result in condensate to pour on the
floor of the turbine building where it would be difficult not to

notice. These cutsets are a result of conservative modeling
" assumptions that had no affect on the outcome of the steam line
" break evaluation and were left uncorrected in the analysis. This

failure mode has been deleted from the model.

The next group of cutsets represent human error in the calibration
of instrumentation associated with AFW pump and flow control valve
operation. Similar to the common cause failure of flow control

instrumentation, miscalibration of this equipment will result in the

operator taking feedwater flow control into ménual in order to
maintain steam generator inventory. This recovery action was not
included in the steam line break logic. The pump suction pressure
miscalibration should be a single event (as was noted in the staffs
review of these cutsets). Nevertheless, it should be noted that
testing of these instruments independent of their calibration occurs
frequently during pump surveillance tests. Further, even if these
monthly surveillances were to fail to uncover the deficiency, normal
operator response to low suction trip of the AFW pumps would be to
provide fire or service water pressure to the pump suction

IC0286-0001K-NLO1
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effectively eliminating the low pressure condition. Additionally,
steam supply to the turbine driven pump can be provided locally even
in the presence of a low suction signal. Again, recovery actioms
such as these were not incorporated in the steam line break models.

The final group of cutsets found in the independent module are the
random pump and valve failures similar to those associated with the
reliability analysis presented in the preceding section.

Given the preceding discussion, it should be clear that the main
steam line break logic models were not developed with the intention
of demonstrating the overall reliability of auxiliary feedwater.
Assumptions specific to the main steam line break transient,
assumptions that conservatively enhance the benefits of various
backfits and conservative assumptions that had no affect on the
outcome of the main steam line break evaluation bias the bottom line
results. Explicit attempts to model common cause and a lack of
obvious repair and recovery actions result in additional bias.
While the modelling was sufficient for the purpose of evaluating
main steam line break issues, it is not appropriate to use them to
draw conclusions as to the strengths and weaknesses of the system
for a spectrum of more common transients.

CONCLUSIONS

As indicated in section 1.0, the purpose of this report is to
provide an analysis of the reliability of the AFW system and
justification for not equating the results of the MSLB AFW model
with system reliability. In section 2,0, the results of a separate
reliability analysis are discussed. The results indicate that the
system as modified is reliable. Additionally, in a qualitative
context the system includes multiple trains any of which is capable
of removing decay heat, is automatically. actuated, and has no single
point vulnerabilities except for perhaps some human errors
associated with calibration. These are the features of an AFW
system "characterized as having a high reliability" as explicitly
outlined in section 4.6.1 of NUREG-0635. h

In section 3.0, inconsistencies between the MSLB model and a
reliability model were presented. The differences between the
special case MSLB model and a general case reliability model are
significant and cause a substantial disparity in both numerical and
qualitative results. The MSLB model represents the system under

unique conditions which do not allow
system reliability.

In addition, substantial improvement
been achieved through the completion
in section 1.0,

In conclusion, we believe the system
of the reliability analysis have not
deficiencies in the current system.

IC0286~0001K-NLO1
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L.

AUXILTARY FEEDWATER SYSTEM
RELTABILITY ANALYSIS

BACKGROUND

As a result of the Palisades Main Steam Line Break submittal concern
has been raised, by the NRC, regarding the adequacy of the existing
Palisades auxiliary feedwater system (AFW). This concern is based
on the evaluation of the AFW model used in the Main Steam Line Break
(MSLB) submittal. Because of the importance of the issue, this
report was created to clarify any potential misinterpretation of the
results of the AFW system model analysis included in the MSLB
submittal. The intent of this report is to provide information in
support of the position that the AFW system model as used in the
MSLB submittal should not be construed to represent the reliability
of the system. This report focuses on two main elements 1) an
analysis which more closely represents our state of knowledge
regarding the reliability of the AFW system design and operation,
and 2) a discussion of the results derived for the MSLB AFW model
and why a significant portion is inappropriate in the context of the
overall system reliability (refer to sections 2.1 and 3.0).

In order to accomplish item 1) a separate analysis of the AFW system
was conducted using the guidelines of NUREG-0635. The reasons for
using NUREG-0635 are; : :

a) to maintain consistency in the method of analysis (the system
has undergone two previous analyses using these criteria).

b) the system has been significantly modified since the first
analysis, using the same criteria allows direct comparison of
the new results to the original results.

c) the results of the new analysis can be compared to the results
for other plants already analyzed using the same criteria.

As indicated in a) above, two previous reliability analyses have
been conducted. The purpose of the second analysis was to
demonstrate the level of increased reliability attainable from
proposed modifications to the system. A recent review of this
second analysis showed that the fault tree models already developed
there could be used for an analysis of our existing system.
Necessary corrections and alterations to the models were made and
are identified in section 2.4,

As indicated in b) above, modifications to the system to improve
reliability by minimizing the failure effects of human error, common
causes, and single- or double-point vulnerabilities were completed
after NUREG-0635 was published. Therefore the results obtained by
the original analysis are no longer accurate. Several of the
significant modifications are listed below.
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1. Addition of a third dedicated AFW pump.

2. Manual or automatic flow initiation on receipt of low steam
generator water level, and manual or automatic isolation of the
depressurized steam generator following secondary system line

breaks.
3. Safety grade AFW flow indication to the main control room.
4. Redundant emergency power supply for the electrical equipment,

instrumentation, and control circuits associated with the
modifications.

5. Testability of AFW control circuits.

6. Seismic and environmental qualification to meet applicable
Palisades guidelines.

2.0 RELTABILITY ANALYSIS
2.1 METHODOLOGY

Fault tree analysis was used to identify those potential failures
that could be chief contributors to AFW system unreliability during
the three transient conditions listed below.

LMFW ~ Loss of main feedwater with concurrent reactor trip and with
offsite power available.

LMFW/LOOP - LMFW with concurrent reactor trip and loss of offsite
power (LOOP). Onsite emergency power sources remain
available.

LMFW/LOAC - LMFW and concurrent loss of all alternating current
power '
(LOAC), except that which is battery derived.

The model used in the current analysis is not the same as the model
used in the MSLB submittal. The reasons for using a different model
are detailed below.

1) The time interval of interest as stated in NUREG-0635 is the
unavailability of the AFW system during period of time to boil
the steam generator dry which for Palisades has been
established as 15 minutes. The model used in the MSLB
submittal is based on a 24 hour mission time and therefore
introduces significant contributions from failures of the
system to continue to function.
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2) The model used in the MSLB submittal is a modified version of
the complete AFW fault tree. A discussion of the differences is
provided in section 3.0 '"MSLB AFW Model". However, a major
difference in the models is due to an arbitrary assumption that
the failed steam generator was unavailable. This assumption
effectively eliminates the redundancy in flow paths from the
AFW pumps to the steam generators.

3) The level of detail in the current plant model goes well beyond
the level of detail prescribed by NUREG-0635., Since part of
the concern is based on the degree of reliability as compared
to other plants or proposed goals, it was decided that the
reliability analysis should be completed in a manner that
allows such comparisons.

As additional insight, each model was evaluated with two sets
of data. The first set of data is generic as provided by
NUREG-0635. The second set includes plant specific data where
such data was available. When plant specific data was not
available, generic data was used. This allows comparison of
the relative impact of the use of plant specific data to
generic data.

Analysis of the fault trees was conducted using the WAMCUT
computer code.

2,2 TFAULT TREES

Three fault tree models were used. The fault trees include random
failures of electrical and mechanical components and the effects of
testing and maintenance, and human error. The fault trees are shown
in appendices D, E, and F,

The trees were examined for causes of specific component failure
modes and evaluation of their likelihood of occurrence. The causes
considered were:

Random independent failures;
Test and maintenance; and
Human error.

Each of the three master trees was developed for the loss of main
feedwater (LMFW) transient condition. TFor other transient
conditions - LMFW with loss of offsite power (LMFW/LOOP) or LMFW
with loss of all alternating current power (LMFW/LOAC) ~ some
systems or components are unavailable. Those systems or components
were deleted before amalysis.

NUREG-0635 was used to establish the top event of the master fault
tree, set the initiating events, and as the basic guide for the
analysis. The top event is taken from NUREG-0635 which states;
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The time interval of interest for all transient events considered is
the unavailability of the auxiliary feedwater system during the
period of time required to boil the steam generator dry. (Reference
2, page II1I-10)

The fault tree models were developed assuming statistical
independence for hardware/operator failures, human error, and test
~and maintenance failures. .

2.3 CRITERIA AND ASSUMPTIONS
The following analytical criteria and assumptions were used..

" AFW system availability is defined as successful system startup
within .the steam generator boil dry time of 15 minutes.

The availability conditions for AFW system power sources during
the analyzed transients were as follows;

1) LMFW - All alternating and direct current power available.
2) LMFW/LOOP - Two diesel generators and battery backup available.

3) LMFW/LOAC - Direct current and battery-backed alternating
current available (instrument and control power
available only)

' Although water from the fire protection system and service water
system is available to backup the AFW system condensate storage
tank, these sources were not considered in the fault tree analysis.
Use of these water systems would require successful operation of
manual valves, which is difficult within the 15-minute boil-dry time
limit.

All component and operator actions were assumed to be either
successes or failures. No partial successes were considered.

Top event failure probability will be calculated by summing the
failure probabilities from hardware, test and maintenance, and human
error contributions. The probabilities for each category are rare
event approximations. :

'Human error probability has been considered. 1n the Hardware and Test
and Maintenance fault trees.

Component outage due to maintenance will only be considered for

active components (pumps, control valves, etc). Maintenance on
manual valves is considered negligible.
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. 2.4 DATA SOURCES

Data used for the component failure rates in the hardware and test
and maintenance trees was taken from the NRC data found in

Appendix III, Table III-3 of NUREG-0635. Electrical tree component
data was taken from IEEE Std 500. Human error probabilities were
drawn from NUREG-1278 and NUREG-0635. Specific component failure
data is listed in Appendix G.

2.5. CORRECTIONS TO FAULT TREES

As part of the preparation for this analysis the fault trees
utilized in the second reliability analysis were reviewed for
accuracy. Several discrepancies were identified and corrected.
Changes made are indicated on the fault trees and discussed below.

2.5.1 Hardware fault tree

1) Operator errors had been treated as independent events. Since,
each operator error in this tree involved operator response to
a failure of the automatic initiation of the system, it was
decided that a high degree of dependence was involved. Based
on this decision all operator actions were grouped into three
basic types - a) failure to actuate the system from the control
room, b) failure to actuate the system locally, and c¢) failure

. to manually operate components,

2) The original hardcopy of the model did not identify the primary
events representing the failure of preferred ac power for
instrumentation and control. These events were added to the
model.

3) The failure mode for the motor-operated valves in the AFW flow
paths was originally identified as fail to open. These valves
are normally open and should be identified as fail to remain
open. The correction to the fault trees did not get
accomplished. However, in the examination of the system
cutsets it was noted that the failure of these valves did
contribute significantly to the system unavailability.
Therefore, no corrections were made since the only impact was a
slight conservatism in the numerical results and relative
ranking of cutsets of intermediate to low contribution.

2.5.2 Test and maintenance fault tree

1) As in 2.5.1 (1) above the human error associated with restoration of
the outlet valves from the condensate storage tank to the AFW
pumps was treated as independent for each valve. Because of
the location and basis for restoration (ie if isolation was
necessary at that point then both valves must be closed and
. restored), the separate events were combined into one.
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2.5.3

2) Credit was taken for a manual valve which bypasses the pressure
control valve in the steam line to the turbine-driven pump.
The current PRA model does not take credit for successful
operation of this valve. While it may be possible to control
steam inlet pressure to the turbine driver by manually
regulating a gate valve, the ability to do this efficiently and
consistently has not been demonstrated and it was deleted from
the model.

3) In several cases, maintenance on valves was included when a) it
is not physically possible to isolate these valves during power
operation or b) isolation would disable 2 of the 3 pumps which
is not allowed by Technical Specifications. Each of these
valves was removed from the WAMCUT input deck and are-shown
lined-out in the model in Appendix E.

Electrical fault trees.
The majority of the failure probabilities for electrical components

were derived by treating the components as standby with a monthly
testing interval. Since several of the components are performing

their normal function and failures associated with them would be

immediately detectable, while this treatment is inaccurate its
importance was not obvious. Since the failure of power is
represented in the master tree as basic events with a probability
derived from the output of the evaluation of the appropriate
electrical tree, the impact of this treatment was determined by
reevaluating the electrical trees and by examining the cutsets from
the three transient cases using generic data to determine the
importance of loss of power as a contributor to system
unavailability. ’

The reevaluation of the electrical trees was accomplished by
changing the failure probability of components which do not
experience demands to probabilities of mission time failures of

8 hours (first reevaluation) and 15 minutes (second reevaluation).
In general the changes resulted in reduced unavailabilities for the
electric power sources.

The examination of system cutsets disclosed that the only case where
the failure of electric power was identified as a significant
contributor (>1%) to system unavailability was for the transient
initiator loss of main feedwater with concurrent loss of offsite
power. In this case the failure of bus 1D and/or bus 1C contributed
substantially to the system unavailability. However, the change in
unavailability (using 8 hour or 15 minute mission times) for these
buses under loss of offsite power conditions was insignificant
(changed from 3.06E-02 to 3.05E-02). " The reason for the lack of
difference is that the dominant failures for these buses under loss
of offsite power are actual demand failures of the diesel generators
and their output breakers.
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2.6

2.6.1

2.6.1.1

Based on these results the system fault trees were not rerun with
the revised electrical failure data. The results from the analyses
with the initial electrical data were retained while recognizing
that they were numerically conservative with respect to the
electrical failures.

RESULTS

The results of the analyses of the system fault trees are included
in Appendix A and are discussed in the following sections. The
information provided in Appendix A is arranged as follows.

Page 1 is a presentation in table form of the numerical
unavailabilities of electrical power and the system for each
transient case analyzed for both generic and plant specific data.
The contributions from hardware, maintenance, and human error were
derived by an arbitrary reorganization of cutsets. The
reorganization was completed by l) moving all cutsets containing an
operator error to a separate group (human error), 2) of the
remaining cutsets any which incuded maintenance were separated into
another group (maintenance), and 3) the remaining cutsets were
identified as hardware.

The remainder of the Appendix is comprised of listings of the
cutsets for each transient case. Pages two through seven involve
the output from the use of generic data. Pages eight through
thirteen is the output from plant specific data. For each type of
data three pages represent unavailabilities from the master hardware
tree for each transient and three pages for unavailabilities from
all considerations for each transient. Each page includes a listing
of dominant cutsets and the contribution of each (cutset
unavailability/system unavailability) and a listing of the basic
events which contribute substantially to the system unavailability
(sum of the unavailabilities of the cutsets containing the basic
event/system unavailability).

Results from Generic Data Evaluation
General Results

The analysis indicates the factor having the greatest impact on the
unavailability in all three cases was failure of the relief valve at
the discharge of pumps P8A and P8B failing to remain closed, either
as a single or in combination with the unavailability of pump P8C or
its flow paths. Other significant contributors are: failure of P8C
either as a pump failure or due to loss of bus 1D; maintenance on
control valves or check valves; operator error; and various causes
of P8C or P8B pump trains (ie maintenance, power failure, or valve
failures).
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2.6.1.2

2.6.1.3

2.6.1.4

2.6.2

2.6.2.1

2.6.2.2

Loss of Main Feedwater

The dominant failure modes for this transient are double faults.
The most significant cutset contribution is the failure of the pump
discharge relief valve to remain closed and the failure of P8C to
start. The relief valve failure represents the common mode failure
of pumps P8A and P8B. Primary event contributors in order of
significance are: failure of the relief valve; failure of P8C to
start; maintenance on control valves, check valves and P8C; and
operator errors involving restoration of valves after testing or
maintenance. '

Loss of Main Feedwater/Loss of Offsite Power

The dominant failure modes for this transient are also double
faults. The most significant cutset contributor is the relief valve
and the loss of power to P8C. Primary event contributions in order
of importance are: the relief valve; loss of power from bus 1D; P8C
fail to start; loss of power from bus 1C; maintenance on control
valves, check valves, or P8C; operator restoration errors; and
maintenance on P8B, a pressure regulating valve, and a check valve.

Loss of Main Feedwater/Loss of all AC

The dominant failure modes for this transient are single faults. The
dominant contributors are: the relief valve; maintenance on P8B, its
check valve, and its pressure regulating valve; and P8B fails to
start and operator restoration errors.

Results from Plant Specific Data Evaluation
General Results

The failures representing the largest contribution to unavailability
in all three transient is. pump fails to start. Other general
contributors are: the relief valve failing to remain closed; failure
of the auto start circuitry and the operator error associated with
placing the system in service.

Loss of Main Feedwater

The dominant failures modes for this transient are triple faults.
The most significant contribution is made by the first cutset
(approximately 24Z). This cutset represents the combination of all
three pumps failing to start. The more important primary event
contributions in order of significance are: P8C fails to start; P8A
fails to start; P8C fails to start; the relief valve.fails to remain
closed; and failure of the auto start circuit and the associated
operator error in response to the failure of the start circuitry.
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. 2.6.2.3 Loss of Main Feedwater/Loss of Offsite Power

The dominant failure modes for this transient are again triple
failures. The largest contribution to the system unavailability
(approximately 477) is identified in the first four cutsets. These
cutsets represent failure of all three pumps. They include
combinations of pumps failing to start and loss of power to P8A
and/or P8C. The significant primary event contributions include:
P8B fails to start; loss of power from bus 1C; loss of power from
bus 1D; P8C fails to start; and P8A fails to start.

2.6.2.4 Loss of Main Feedwater/Loss of all AC

The dominant contributors to this transient are single faults. The
most significant contribution is the failure of P8B to start
(approximately 727%). Other contributors are: maintenance on P8B,
its steam pressure regulating valve, or its discharge check valve;
and operator restoration errors associated with test and
maintenance.

2.6.3 General Conclusions

In comparing the results from generic data versus plant specific
data, the calculated system unavailability is not significantly

. different. The major difference in the results was a reorganization
of the importance of the primary events in their contribution to the
system unavailability. In the analyses using generic data the
failure of the pump discharge relief valve for P8A and P8B is the
dominant contributor in both cutset and primary event contribution.
For analyses using plant specific data the combination of all
available pumps failing to start is the dominant contributor in both
cutsets and primary event contribution.

In evaluating the results from the analyses using plant specific
data no serious deficiencies were identified. There were no single
point vulnerabilities associated with hardware or maintenance
identified. Any further changes considered should be made only
after careful evaluation of costs, benefits and importance in
relation to the results of the analysis of the plant integrated risk
model.

3.0 MSLB AFW MODEL

In this section the reliability of the auxiliary feedwater system as
developed for examination of main steam line break issues is
discussed (ref CPC to NRC May 23, 1985). The purpose of the main
steam line break logic models was to determine the risks associated
with steam -generator blowdown events and to determine the benefits
of various backfits being proposed to minimize these risks. 1In this
. regard, assumptions were made that significantly alter the system
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configuration (ie eliminated redundant portions of the system) and
therefore bias the numerical results of the analysis in a way that
make it inappropriate to use these logic models for comparison with
other risk based AFW reliability analyses such as that presented in
the preceding section. Some of the more significant assumptions
include:

- those particular to the main steam line break transient which
artificially enhance the benefits of some of the proposed
backfits,

- those conservative with respect to system reliability that had
no affect on the outcome of the main steam line break analysis
and were therefore left uncorrected,

- the exclusion of any repair or recovery of failed hardware and

- an explicit attempt to model.common cause events (those
component failures which result from common manufacturer,
function, etc).

The auxiliary feedwater cutsets extracted from the main steam line
break report are included in appendix B. They are rearranged into
sections to permit an understanding of the contributors to AFW
failure (as developed in that specific evaluation) and to identify
where the assumptions outlined above had an effect. A brief
description of these cutsets follows including a discussion of their
contribution to AFW unavailability.

The first group of cutsets include those independent to the
auxiliary feedwater system. The independent module (AUX3IT) will be
discussed in detail later., The remaining cutset contains a single
operator error - AFVOT - which represents failure to increase the
flow to the intact steam generator. This cutset results from the
assumption that the failed steam generator is isolated following the
steam line break event and remains disabled as a viable heat sink
throughout the transient. In reality, feedwater ‘can be supplied to
this generator, particularly during non-steam line break transients
and this operator error should not be a single. In the normal
system configuration - AFVOT - would be part of group of doubles in
which the second event represented the failure of the redundant flow
path from a given pump train. This cutset, therefore, is a result
of assumptions made that are peculiar to the steam line break
evaluation. Additionally, preliminary analyses in support of the
upgrade of emergency procedures indicate that the flow supplied
automatically through a single AFW train may be sufficient for decay
heat removal.

The second group of cutsets are associated with makeup to the
condensate storage tank. Given that there is normally several hours
of condensate available in the tank, these failures are more closely
associated with the long term functioning of the auxiliary feedwater
system than the failures which would be identified in other
reliability analyses (such as NUREG 0635). This part of the steam
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. line break analysis did not take credit for operator action. to

supply makeup from available systems including service water and the
fire system, as outlined in plant procedures. In the normal system
configuration with service water and fire water included as backups
these cutsets would become substantially lower in their contribution
to the system unreliability. These cutsets, therefore, are a result
of simplifying assumptions made with respect to auxiliary feedwater
reliability that had little effect on the outcome of the steam line
break evaluation.

The last group of cutsets identify power dependencies coupled with
failures of pumps and flow control valves. The AC power system
failures involve disabling of an emergency bus (Bus 1C) which in
these models is assumed to take out one motor driven pump and the
air pressure to steam supply valves for the steam driven pump. The
models conservatively ignore the nitrogen backup to instrument air
supply to the steam driven pump valves as well as the ability to
operate these valves locally by hand. In the normal system
configuration these cutsets would be ANDED with failures of the
turbine driven pump train or an operator action to manually admit
steam to the pump. Consequently, these cutsets result from
uncorrected assumptions which had no affect on the outcome of the
steam line break study plus a lack of accounting for repair and
recovery actions. Additionally, two of the cutsets contain flow
control valve failures which, like AFVOT discussed above, appear
because it is assumed that only one steam generator is available.

’ In the normal system configuration these cutsets would also include

. failures of the redundant flow path from the respective pump train.

The cutsets which remain are those which make up the independent
module, AUX3IT, introduced above. The first group presented are
those associated with the attempt to explicitly quantify common
cause failures in the steam line break evaluation. Common cause
events were developed for various classes of equipment in the AFW
system including the pumps, air operated valves, and instrumentation
required to actuate the system. Generic industry data was used to
quantify these events and they end up making up the bulk of the
independent module in terms of its probability. Setting the
appropriateness of these values aside, there are a number of
features of the plant design which deserve some discussion for which
credit could be taken to mitigate these failures. Diversity in the
pump design has been provided by including both turbine and motor
drivers, for example. Also, the motor driven pumps are located in
separate areas of the plant minimizing location dependerncies.
Fajlure of flow controllers and instrumentation can be overcome by
operator action to maintain level in the steam generators rather
than concentrate on AFW flow only. In addition, the valves
themselves can be operated locally if necessary. (Barry, is any of
this part of current procedures?)
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The next cutset is associated with spurious FOGG actuation (Feed
Only Good Gemerator). The assumption that only one steam generator
is available enters in to the generation of this cutset. Given that
two steam generators are normally available this cutset should be
ANDED with failures of components in the other flow trains. 1In the
normal system configuration this event would be represented by a
group of triples involving spurious actuation AND failure of two
flow paths. Additionally, it should be noted that FOGG signals for
the two steam generators are interlocked such that FOGG isolation of
one generator precludes this spurious FOGG signal for the other
generator. This interlock was not included in the steam line break
logic.

The next group of forty cutsets involve the loss of both flow paths
to the unaffected steam generator. Again, this is a set of failures
which results from assuming that only one steam generator is
available as a heat sink throughout the transient. These cutsets
should in fact be coupled with corresponding failures in the flow
paths to the other steam generator. In the normal system
configuration these cutsets would change to 3d and 4th order cutsets
which represent combinations of a pump train and two flow paths; or
four flow paths; or three flow paths and an operator action.

The next cutsets deal with the potential for flow diversion in the
AFW pump suction. In fact, these failure modes are incorrect. A
conservative assumption was made that a Y-strainer in the suction
line to the AFW pumps, if left open following maintenance could lead
to sufficient diversion of condensate to fail a portion of the
system. Subsequent investigation reveals that the line from the
strainer is small and will not divert sufficient flow to cause pump
suction to drop significantly, is not only valved but capped, and if
it were to be left open would result in condensate to pour on the
floor of the turbine building where it would be difficult not to
notice. These cutsets are a result of conservative modeling
assumptions that had no affect on the outcome of the steam line
break evaluation and were left uncorrected in the analysis. This
failure mode has been deleted from the model,

\
The next group of cutsets represent human error in the calibration
of instrumentation associated with AFW pump and flow control valve
operation. Similar to the common cause failure of flow control
instrumentation, miscalibration of this equipment will result in the
operator taking feedwater flow control into manual in order to
maintain steam generator inventory. This recovery action was not
included in the steam line break logic. The pump suction pressure
miscalibration should be a single event (as was noted in the staffs
review of these cutsets). Nevertheless, it should be noted that
testing of these instruments independent of their calibration occurs
frequently during pump surveillance tests. Further, even if these
monthly surveillances were to fail to uncover the deficiency, normal
operator response to low suction trip of the AFW pumps would be to
provide fire or service water pressure to the pump suction
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effectively eliminating the low pressure condition. Additionally,
steam supply to the turbine driven pump can be provided locally even
in the presence of a low suction signal. Again, recovery actions
such as these were not incorporated in the steam line break models.

The final group of cutsets found in the independent module are the
random pump and valve failures similar to those associated with the
reliability analysis presented in the preceding section.

Given the preceding discussion, it should be clear that the main
steam line break logic models were not developed with the intention
of demonstrating the overall reliability of auxiliary feedwater.
Assumptions specific to the main steam line break transient,
assumptions that conservatively enhance the benefits of various
backfits and conservative assumptions that had no affect on the
outcome of the main steam line break evaluation bias the bottom line
results. Explicit attempts to model common cause and a lack of
obvious repair and recovery actions result in additional bias.
While the modelling was sufficient for the purpose of evaluating
main steam line break issues, it is not appropriate to use them to
draw conclusions as to the strengths and weaknesses of the system
for a spectrum of more common transients.

CONCLUSIONS

As indicated in section 1.0 the purpose of this report is to provide
an analysis of the reliability of the AFW system and justification
for not equating the results of the MSLB AFW model with system
reliability. In section 2.0 the results of a separate reliability
analysis are discussed. The results indicate that the system as
modified is reliable. Additionally in a qualitative context the
system includes multiple trains any of which is capable of removing
décay heat, is automatically actuated, and has no single point
vulnerabilities except for perhaps some human errors associated with
calibration. These are the features of an AFW system "characterized
as having a high reliability" as explicitly outlined in section
4.6.1 of NUREG-0635.

In section 3.0 inconsistencies between the MSLB model and a
reliability model were presented. The differences between the
special case MSLB model and a general case reliability model are
significant and cause a substantial disparity in both numerical and
qualitative results. The MSLB model represents the system under
unique conditions which do not allow an accurate derivation of the
system reliability.

In addition, substantial improvement in the system reliability has

~ been achieved through the completion of modifications as identified

in section 1.0.

In conclusion we believe the system is reliable and that the results
of the reliability analysis have not disclosed any serious
deficiencies in the current system.
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APPENDIX A

SYSTEM UNAVAILABILITY RESULTS



CONTRIBUTORES TO
UNAVAILARILITY

HARDWARE

MAIMNTEMNANCE

HUMAN ERROR

TOTAL

HARDWARE

MAINTENANCE

HuMAaN ERROR

TOTAL
COMDITIOMAL
MO
CASE AT BUS Yi@(
1 6. 532E-05
2 7. 88E-0%
3 2.83E-@5
1 ) 1.04E-05
2 1.07E-05
= 2. Z20E-@4
CaSE 1
CASE Z — LOSS OF MAI
CasSE T — LOSS

AFFENDIX A
AFW SYSTEM UNAVAILARILITIES

LOSS OF
FEEDWATER -

LOSS. OF
OFFSITE FOWER

(GENERIC DATA)

2. 04E-05

1.47E-05

b 68E-0F

(FLANT

1.176E-05

g.17E-B6

7.47E-@6

2. 83E~-05

1.34E-@4

T.99E--05

1.76E-05

1.91E-@4

SFECIFIC DATA)

7. @503

H.E3E-05

1.71E-05

1.21E-04

ESSENTIAL FOWER AVAILARLE FROM
YZE@) DC EBUS #1 (#2) AC EBUS 1

(BENERIC DATA)
. ETE-05 5. ADE-BS

7. LRE-BS
1.67E-BF 1.0

(FLANT SFECIFIC DATA)
T, 12E-05 1.Z1E-BS
Z. 1TE-05 Z. ATE-DZ

1.15E-04 1.@

- LOSS OF MAIN FEEDWATER

M FEEDWATER % LOSS

OF OFFSITE POWER

OF MAIN FEEDWMATER & LOSS OF ALL AC FOWER

FALISADES

LOSS OF ALL

AC FOWER

S.DIE-03

ba 4dEE-BE

2. 0ZE-0Z

1.35E-a%

T.11E-02

8. ZBE-B3

3

«BAE-@Z

4. 14E-@%

UNAVAILARBILITIES OF THE ELECTRICAL FOWER SUFFLY

Caim

AL A6E-BZ

{1.@03E-@5)

(2. 35E-22)




FaLISADES
AFFEMDIX A
GEMERIC DATA |
' DOMINAMT HARDWARE CUT SETS AND BASIC E,\';ENTS

LOSS OF MAIN FEEDWATER

RANE.  UNAVAILABILITY CUT SETS CONTRIBUTION
1. 1.82E-05 F58C RY@783 1.6
2 Z.6GE-07 GVa7sE FVB783= i.8
2. . 65E-07 Ck@R72 RVB78E 1.4
=z Z.65E-B7 GVA751 RV@783 1.8
2 L. EE-Q7 CE@725 FVYB783 1.8
A 3.43E-@7 EACID RV@783 1.7
4. Z.38BE-@7 EACYZQD RV@A78%= 1.2
RANE  UNAVAILABILITY BASIC EVENT COMTRIBUTIGHN
1. I.65E-07 RVB78%= 9.5
e 5. 08E-BF F58C 1.8
B 1.20E-a4 CER72S 1.8
S 1.00E-04 CEB726 1.4
Fia 1.00E-04 GV@7al 1.8
I 1. 0E-84  BYa752 1.8
4, ?.48E-@% EACLID 1.7
S b 5ZE-B5 EACYZ@ 1.2

A=



GENERIC DATA

. DOMINANT HARDWARE CUT SETS AND BASIC EVENTS

AFFENDIX A

FALISADES

0SS OF MAIN FEEDWATER ANMD LOSS OF QFFSITE FOWER

FANE  UNAVATILARILITY

1. 1.12E-04
2. 1.83E-05
3. ?.36E-07
4. . 68E-87
4. T.65E-07
4. Z.65E-A07
4. S.65E-27

RANE UNAVATLABILITY

1. . 6BE-GZ
Za T.B6E-BZ
S BBE-GE
. BsE-0Z
1.080E-0%
1. BBE-04
1.00E-G4
i.a8E-04
1.00E-@34

o000 i

z

CUT SETS
EACLD RVB7EX
FEEC RVO7E7
EACLC EACID

BVR7S2 RVO7ET
GYVE751 RYB78T
CEB7 26 RVB783

CE@E725 RVBT783E

BASIC EVEMT
RVB79%
EACID

F58C

EACLC

F58ER
CEB725
Ce@a724&
GVYB751
GVa75:s

COMTRIBUTION

oo
tw ot

CONTRIBUTION
8.5
81.2
17.7%

1.2

S[QEQBEA

it &



GEMERIC

DATA

AFFENDIX &

DOMINANT HARDWARE CUT

FALISADES

SETS AND BASIC EVENTS

LOSS OF MAIN FEEDWATER AND LOSS OF

RAMNK
1.

0 e i RS

RAME

[0 S SR 0 B I o B

UNAGYATLABILITY

. 6SE-GT
1.00E-@=
1.00E-34
1.BBE-84
1.00E-a4
6. 53E-B5
1.00E-0%

UNEVATLABILITY

T, 6SE-@E
1.00E--8=
1.80E-@4
1.00E-04
1.@2E-64
6. 3IE-@A5
1.0@E-@5

CUT SETS

RVB73%
F58R
Gv@B74%2
CH@747=
GVR1=2
GOVERNOR
FCVBS21iA

BASIC EVENT

RVD7ET
FSEE

GVD74Z

CH@747%
GVY@i132
GOVERMOR
FCV@AS21A

A4

ALL ALTERNATING CURRENT

CONTRIRBUTION
72,6
1¢.9
2.0

e n

1.
@.

I

CONTRIBUTICHN
72.6
19.%
2.0
2.0

L)
“iw

103

@.=2



GEMERIC DATA

RANE

G e 0 0PI RI ORI R

AN

DO S O R B0 N0 B S B O B, (R

=

3

AFFEMDIX A

FALISADES

DOMINANT CONTRIEBUTORS TO COMDITIONAL UNAVAILABILITY

UNAVAILABRILITY
1.83E-@5
7.81E-8&
7.81E-06
7.8B1lE-06&
7.81E-04
3.6SE-06
Z.6T5E-06
3. 65E-04
Z.65E-0B6

UNAVATLARILITY
H. 65E-@7
5. BRE-0F
2. 14E--87F
2. 14E-QT
2. 14E-@73
Z.14E-03
1. 8oE-@=
1.88E-03
1.00E-0=
1. 00E-@3

LOSS OF MAIM FEEDWATER

FS8C

CUT SETS

MOCVR726A
MCVB7E76

MCE@72
MF8C

OFEZ210
OFEZ@S
OFE108
OFE1@7

Fs8C

RVYB78E
FVYR7EE
RVB783
RV@783=
RVB787%
RVB783
RvV@78%=
RVYB783

RV@7a=

BASIC EVENT
RVB783

MCV@E736A
MEVB737A

MCEO726

MF&acC

ODFEZLIG
OFEZRS
OrFEL®B
OrFEL1B7

CONTRIBUTION
27.4
11.7
11.7
i1,
11.

& o
Lo ~d~

CONTRIBUTION
9.1

LS A
L/ 20

11.7



®

GEMERIC DATA

RANE

e ] L R =

z

madd b p i

FanE

—

2

Ll

o0 b oid

AFFENDIX A

FALISADES

DOMIMANT CONTRIBUTORS TO CONDITIOMAL UNAVAILARILITY

LOSS 0OF MAIN FEEDWATER AND LOSS OF OFFSITE FOWER

UNAVAILARILITY

1.1Z2E-@4
1.83E-05
7.81E-@&
7.81E-86
7.81E-04
7.681E-06
. 65E-06
3. 6SE-B6
H.6EE-BS6
I EEE-06
2. 00E-34
2. 00E-@6
2. 00E-6

UNMAVATLARILITY

Gl 63E-@3
. 06E-02
. 00E-07
3. 06E-02
2.14E-9%
2.14E-@7
2. 14E-073
2. 14E-0%
1. 00E-@8=
1. 20E-@3
1.20E-G=
1. 80E-0=
2.14E-G73
Z2.14E-03
2.14E-6B3

CUT SETS

EACLD

FS8EL

MCV@7Z6A
MONVR7374/
MCE®@A7Z6

MFBC
OFE21@
OFEZDS
OFE10S
OFE187
EACIC .
EACIC
EACIC

BASIC EV
FVB783
EACLID
F5aC
EARCIC
MCVR7Z66
MOV@7Z76
MCER724
MPaC
OFEZLG
OFEZGBS
FE1@38
OFELDY
MCE@743
MFBE
MECVEZLA

=&

RVB78=
RVa7a3
RV@783
RVB782
V@783
RVB78E
RV@78%
RV@783
V@783
Rv@783
EACID

EACID

EACLD

ENT

CONTRI
1=

E

n

MCE@7 4%
MFBR
MFCVS216A

9. @
64,72

-
&

B IR I URN (IR B B S Sy S s o I

(3

O e S S N O N 1 |

=

UTION

CONTRIBUTION



GEMERIC DATA

AFFENDIX A

FALISADES

DOMIMANT CONTRIBRUTORS TO COMDITIOMAL UNAVAILARILITY

LOSS OF MAIN FEEDWATER AND OGS OF ALL ALTERNATING CURRENT

RANE

L O B

S e
[
e z

S N g

e
it
] a

o~ o

FANE

UNAVAILABILITY

S.65E-07
2. 14E-07%
2. 14E-@%
2. 14E-@3
1.00E-017%
1.00E-0Z
1.00E-a=
1. 00E-a4
1. BRE-@4
1.BBE-B4
b OEE-0S
1. aBE-D%

HNAVATILABIL

G GOE-OF
2.14E-03
2. 14E-073
2.14E-07Z
i.0RE-G3
1.66E-Q=

1.00E-BT

1.0GE-24
1.00E-04
1. QBE-@4
& SIE-RS

1. 0@E-@G5

CUT SETS
RVR78%=
MCE@743
MF3E
MRCOVE21A
FE8H
OFE12
OFEL@]
GVRa74z2
Ck@74%
GVRA132
GOVERNOR
FOVRSZ21A

ITY BARIC EVENT
RYR783
MCK@747%
MFaE
MPCVSZ21A
FSBR
OFEL1B2
OFE1@1
GVa74z2
CER7473
GvV@aLI2
GOVERNDR
FCVBSZ1A

COMNTRIBUTION

27. 2
15.86
15.
15,
7 .
7.
7.
®.

3

Ll S BN AR R

ees

CONTRIRUTICH




FLANT SFECIFIC DATA

RANE

R

)
=

M

k.
1.
4

N 4=

DOMINANT HARDWARE CUT SETS

UNGVATILARILITY

6. 75E-04
Z.55E-B6
2. 18E-06
7. ARE--07
1.94E--87
1.53E-087
1.57E-07
1.83e-07
1.51E-07
1.531E-007
1.51e-87
1.51E-07

UNAVATILABILITY

1. 5RE-@2
3. 00E-02
1.50E-82
7.80E-03%
1. 20E-073
1.70E-84
1. ARE-G3
2. 6BE-@3
3. 6RE-OE
2.88E-0%
2. 60E-A%
2. 80E-07
. BUE-@3
Z.40E-04
. 40E-24
Z.40E-B4

AFFENDIX A

LOSS OF MAIN FEEDWATER

F58A
Fs58C
AFAS
AFAS
Cva7zaz
CE@a741
Ck@7:6
CE@725
cv@azas
cvaz4e
Cvarzy
cvae7a7

CUT BETE

FSBE
RV@78%=
OFE1l
OFE1l
Cva747
FSBE
FS8A
FS8A
Moa79s
MO@747%
MOa7 56
MOB7 3%

BASIC EVENT

F58C

FS8ER
PS84
GFAS
OFEd
RVB783
OFE2
CVa727
cv@a749
MORA793
MOB76@
MO@753
MOR747=
CEA7ZS
CER72&
CE@a741

&8

AND BASIC EVENTS

n
0}
02}
)

FS8R
OrFE?2
Feac
F58C
F58E
F58R
580
F58C
F38C

FS8C

FaLISADES

CONTRIRBUTION
46.5
17.6
14.5

N
m

e T ol o S S AN
[ 3 = L1
B8R = -

CONTRIBUT IGH
TéboE
63.2
o, 4
19.5
19.
18.

=1L

ot e B RY R RY G L B
= 0039 M a3yl |



FALISADES
AFFENDIX @
FLANT SFECIFIC DATA
' DOMINANT HARDWARE CUT SETS AMD BASIC EVENTE‘;

LOSS OF MAIN FEEDWATER AND LOSS OF OFFSITE POWER

RANE.  UNAVAILARILITY CUT SETS COMTRIBUTION
1. Z2.41E-05 - EACLIC EACLD FGaER 2.4
2. 1.54E-05 EACIC S8R FSBC - 21.@
B 1.B86E-05 EACID FS8A FS8ER 14.4
4, &.73E-86 FS86A FS8R F&8C , .2
S 4. 00E-924 EACILD - RVB78= 5.5
4. 2. 53E-06 FS8C VAT7BE 2.5
1&. 2.10E-06 AFAS OFEL FSBH 2.5
173, 7. 00E-07 AFAS OFE1L OFEZ ‘ 1.0
FaME UNAVATLABILITY BASIC EVENT . CONTRIBUTICH
1. 2. ARE-BZ FSB8R ' I.@
2 2.35E-08 EACID 57.4
I FLATE-0Y EACLC 56.5%
4. 1.50E-272 F5sC I&6.6
S 1.50E-02 F58A , 24.8
&. 1.7@E-04 RV@783= F.1
7 7. 0RE-B3 AFAS RN
8. 1. @RE-@= OFEL AT
7. 1. Q0E-@% OFEZ 1.0




FLANT

RARNE

3 -

RANE

[SaB A B I R SR

O 2 p i b)

SFECIFIC DATA

DOMINANT HARDWARE CUT SETS AND RASIC EVENTS

AFFENDIX A

FALISADES

LOSS OF MAIN FEEDWATER AND LDSS OF ALL ALTERMATIMG CURRENT

UNAVETILARILITY
Z.00E-B2
Z.408E-04
1.70E-@4
1.10E-04
1. @R0E-34
8.7@E-05
8.70E-05
L. S3E-05

UMAVAILARILITY

. Z.REE-B2
. 3. 4RE-G4
- 1.70E-04
. 1.10E-04

1.@BE-0=
. 1.0BE-B4
. 5.70E-0S
. 8. 70E-0%

6. GEE-QS

CUT SETS
F58H
Ckp74=
RY@78=
CVRISZ2A CVBS22ER
FOVES21A
Gve742
GVl =z
GOVERMOR

BASIC EVENT

FS8E

CER74%

RY@783

Cveszza

CVYRE2RE

FCVYasS21A

GVe74z

GBYB1=2

GOVERNOR

-1@

I»

CONTRIBUTION
fH. 3
1.1
G.35

CONTHRIBUTICHN
6.5
1.1

B Lol 0 Gd 4 BTN

aeeean



FLANT SFECIFIC DATA

FANE
1.

-

R AR

N m-~d0 000 n bl R e

ot
8900

19.
1.
1@.
11.
11.

~
e

12

UNAVATLARILITY

b. 7SE-B4
7. S5E-D6
Z. 10E-06
9. 6ZE~-B7
2. &ZE-Q7
9. 6TE~-B7
9. bIE-B7
§. 78E-B7
7.00E-07
4.82E-B7
4.82E-07
4, SRE-07
4. SRE-B7
4, SRE-B7
4. SQE~B7
4. SPE~@7
4, SQE-B7
3. 64E-07
3. 64E-07
T, 64E-B7
Z.73E-B7

UMNAYATILABILITY

. @0E-02
1.5BE-B2
1.5@0E-282
1.70E-04
7. BOE-O%
1.00E-0Z
2. 14E-07
2. 14E--03
2.14E-0F
Z.90E-@3
2. 14E-0Z
3. 20E-04
. 20E-B4
2.8BE-BZ
2.88E-07
2. 88E-03
2.80E-83

1.0RE-03

1.08BE-83
1.00E-83
1.66E-@=
2. 14E-03
Z.14E-63
1.20E-02
1. 00E-8=

AFFENDIX A

LOSS OF MAIN FEEDWATER

FS8A
FSBC

AFAS

MCV@7 7
MCVB73
MCER7 4
MCE®R7Z
MFSE

AFAS

MFCVS2
MCEQ7 4
OFEZ10
OFEZ@S
OFE108
OFE1@7
OFE10Z
OFE1@1
MCVB7 S
MCV@73
MCHB7 2
AFAS

CUT SETS

7R
bR
1
&

1/

-
R

7A
&R
b6

BASIC EV
F58C
FSER
FS8H
FVa78%
AF AR
OFE1
MCVR7 34
MECVB7357
MCEB7Z26
MF8ER
MCEB®741
CvWa727
Cva749
Moa798
MO@76@
MOA753
MOa74%
OFEZ10
OFEZ@S
OFEL1G8
OFE1®7
MRCVE2L
MCKB747%
OFE1BZ
OFE1@1

FSER
NEBT78E
OFE1
Fasf
FSSA
FO8K
FSEA
FS8A
OFEL
Fa&A
[=J=¥=Fa)
FS8A
FS8A
FEBa
FSBA
FS8E
FSBR
RVEO783
RV@A737
RVB783
MF B8R

ENT

A
A

A

FS8E
FS8E
F5S8H
Fs80
FS8H
FS8C
OFE2
F58C
ag=1=1m
FS8E
FSBR
FSBE

- FS8E

FS&C

F58C

OFE1L

FALISADES

DOMINANT CONTRIBUTORS TO CONDITIONAL UNAVAILABILITY

CONTRIBUTION

7.8
rap s

I BN RN B N B N N i

3

el el ool Tl o ol B ol ol ool 0 B B R O O
& i

CONTRIBUTION
97.8
=7.7
Sl.é

1601

7

&

U RO N B O o R B R )




FLANT SFECIFIC DATA

RANE
1.

-~

=)

T
.

4.
S

6.
7.
8.
g.
8.

R NE
1.

L00WNo s

~0

1.
1@.
11.
12,
12,
1=,
13,
13,

13.

LOSS OF MAIM FEEDWATER AND LLOSS OF OFFSITE POWER

UNAVATILARILITY

2.41E-@5
1.54E-05
1.86E-05
6.75E-06
4.0RE-B0&
2. 14E-04
2. 38E-B6
2. 2DE-Rs
2.28E-06
2. 20E-06
2.10E-06
2.81E-@6
1.72E-@6
1.72E-86
1.51E-86
1.37E-06
1.18E-846
1.10E-B4
1.03E-B4
1.@87E-B6
1.@3E-84
1.B32E-@6

UNAVAILABRILITY

2. 0BE-2
Z.A4TE-@Z
2.38E-62
1.538E~-B2
1.58E-02
1.70E-04
S.9RE-@3
2. 14E-06=
2.14E-0%
2. 14E-02
2. 14E-03
2. 14E-0Z
7. 00E-B=
1.00E-03
2. 14E-B3
1.00E-0=
1. 00E-3
1.80E-0Z
1.38E-0%
1.60E-@8=
1.3@E-0Z

EACLIC
EACIC
EACLD
F58A

EACLD
EACIC
Fs8c

EACIC
EACIC
EACLIC
AFAS

EACIC
EACILC
EACIC
EACLD
EACLID
EACLIC
EACIC
EACIC
EACIC
EACIC

"EACLC

AFFEMDIX

CUT SETS

A

EACID
FS58ER
FS58A
FS8E
rRVA78E
EACID
RVY@78=
MCVB7 3764
MCV@A7366H
MCER726
OFEl
MF8E
EACLD
EACLD
MCE@741
MFB8E
MFCVYEZ14A
MCE@7473
OFEZLIO
OFEZBS
OrE1@8
OFELB®7

BASIC EVENT

FSEBE
EACILC
EACLD
==
FS8aA
RVB783
MFB8ER

MFEVEZ1A
MCE@747%
MOCVB7Z26A
MCVR7327A
MCE@B726
AFAS
OFEL
MCE®741
GFE1@4
OFREL1®=
OFEZ1G
OFEZ2BS
OFE1@8
OFE1Q7

A-12

FALISADES

DOMINANT COMTRIBUTORS TD.CDNDITIDNQL UNAVATILARILITY

F5S8H
Fsac
FS8E
FS8C

MFBE

FS8E
FS8R
F&8E
FS8E
F&8C
MFCVSZ21A
MCE@74=
FS8E
F58A
FS8C
F58C
FSahR
F&8E
F&58H
F38E

CONT
1

CONT

RIEUTIOM
9.9

(0.8}

el e i e e e e I Y
QRENEE R PENNDD O

RIBUTION
8.2

~N b

IR RID 0 0 SR e

Ld G 0 O N D



FLAMT SFECIFIC DATA

AFFENDIX A

FALISADES

DOMINANT CONTRIBUTORS TO CONDITIONMAL UNAVAILABILITY

LOSS OF MAIN FEEDWATER AND LOSS OF ALL ALTERNATING CURRENT

FANE  UNAVAILARILITY

I.00E-22
. 9BE~-DF
2.14E-07%
2. 14E-03

1

4 1. 0BE-@=
4. 1.00E-07%
S 5. 00E-04
b . Z20E-04
7. 1.70E-04
. 1.16E-B4
9. 8. 14E-05%
?. 8. 14E~-05
@

[y

b.SZE-BS

RANE UNAVATLARILITY

2. B0E-@2
3. QUE-@3
Z2.14E-03
2. 14E-03
1. BBE-@%
1.80E-0%
5. 00E-04
3. 20E-04
1.70E-@4
1. 18E-04
1.18E-@4
8. 14E-05
8. 14E-05
6. 33E-BS

NN Wh DR~

CUT SETS
F58H
MFBE
MFCV321A
MCER743
OrFElaz
OFE181
FOVAS2ZLA
Ck@747%=
RV@B783
Cvaszz CVBS22R
Gva742
GVD132
GOVERMOR

BASIC EVENT
FS8R
MF8E
MFCV3Z1A
MCE@74%=
OFELGZ
OFE1B1
FEVRSZ 1A
CHB74%
RVGB78%
CVas226
Cvaszz
GVR74=
GV@1=Z2
GOVERNMNOR

A-173

CONTRIBUTION

]
P

(SRS SIS SIS N IS A I d) N
FIPIRI G RO R pRIR) &S

CONTRIEUTION
72. 4
G.4

@.8

Tl SIS RN S ]
FIFIEY bbb



APPENDIX B

MSLB AFW MODEL CUTSETS

1C0286~0001K-NLO1




AFW3

AFFENDIX B

The following cutsets are independent to AFW

i.
3.

BE-24

2.40E-83.
5.0

AUX3IT
AFVOT

PALISADES

See indep transfer description
Op feil to incr flow to good S6

The fullowing cutsets are assuciatéd with makeup to the condensate

storage tank

S.63E-04
Z.B9E-B4
>.89E-04
.BBE-04
H4E-BD
. 28E-BS
. 2BE-DB5
. 16E-B5
. 96E-BS
12. 1.28E-@5
13. 1.19E-85

4+

O o ~NDO-WL )
« v = & s
LR % IS R

—
(-]
Lanlil & I

14.  &.1BE-06

16, 4,2BE-B6
17. 4.13E-86
i8. 3.13E-B6
19. 2.15E-06
28. 2.108E-B6
21, Z.10E-B6
3. 1.66E-86

24, 1.60E-B6
23, 1.56E-86
26. 1.4BE-B6
29. 1.22E-86

CONDTKIT
P22L1T
F22117
P22LIT
F22117
FOOLOOF
FOOLOOP
FOOLOOP
EDG11MB
F2211T
EDG1100

' POOLOOP
EDG11ME
F205DIT
P2211T
F22117
FTRSU1-2MT
PTRSUL-2MT
F4101T
F4101T
PTRSUL-2MT
FODLOOP
P41BIT

- XLE5201MC

XXV7L3HA ]
XXV712MA
XXV1@7ME
XXV171MA
XXY712MA
XXV713MA
XXV1B7HE
FOOLODP
X0090-0207
FODLOOP
XXVI7IMA
POOLODF
FOOLOOF

PCRBB#1BSMA
IXV71ZMA
XXV713MA
FXVT13MA
XXV712MA
YEVIBTME
Xxoo9e-ez207

Condensate makeup indep failures

Loss of power to autoc makeup ' |
_—valve and alt makeup supply
failures

FXVIBTME

The following cutsets are associated with random failures of combinations

cf pumps .and flow control valves

15 3.32E-06
22 2.03E-D4
27. . 28E-B6
28

. 1.208E-86

AFMBCME
FCERE#105MA
ARVBTATMA
AAVDT7I7AMA

AUX3IIT -- INDEPENDENT MODULE

FCRBH#1QGMA
FCER#Z209ME__
PCBE#2B3MA
FCBE#1B5MA.

—Loss of Bus IC and Fump C

Loss of Bus 1D and Trains ALE
Loss aof Bus 1C and Train C

The following cutsets are cbmmun cause failurees derived using
generic industry data ‘ :

1. 1.BBE-B3
3. 2.50E-8B4
4, . B.1BE-85
6. 4,8RE-@5
16 i

.3QE-85

AFMBNEZCC
ASGFCVECC
ATFFCVBLL
AAVFCYACC
APMEMG2CC

Pumps fail to start

Flow controller malfunction
Flow trancsmitter failure
Flow control valve failure .
Pumps fail to run ‘



AUX3ZIT Continued

AFFENDIX B

The following cutset is spurious FOBG isolation

2.

3.80E-04

ASSLMEBMT

The following cutsets are loss of both flow pathe or one flow path with
pump failure{s) in the remaining train

—
~ 0~ N

13.
14.
15.

18,

Cd L Ld G Led L PRI R BRI R B R B )

E-] [
S 0O ~NLLUINGEG D0~ N -9 .0

41.

- 4BE-BS
. 9@E-05
.9BE-BS
. 4BE-B5
.BSE-B5
{.48E-B3
1.48E-85
1.30E-05
9.346E-86
9.36E-84
9.36E-B6
?.36E-B64
?.36E-86
9.12E-86
b.76E-B6
b6.7b6E-B6
b.7b6E-86
b.74E-06
6.76E-06
b6.76E-86
S.76E-B6
S3.76E-B6
4,80E-0¢6
§.16E-B6
4.16E-B5
4,16E-06
4,16E-B6
4,16E-04
2.56E-B6
2.40E-B6
1.82E-86
1.62E-06
1.5@E-B6
1.43E-86

MR on

“1.17E-84

1.17E-B6
1.15E-@6

_1.15E-86

1.15E-B6
1.15E-86

AAVB749MA
AMVABT76BMD
AMV@B753MD
RFCRT49NMT
AAVBT7A9MA
AMVB7S3MD
AMVRB76BMD
AAVB737ANMA
AAVB749MA
AAVBTITAMA
ARARVB749MA
AAVBT749MA
ARVBT37ANA
AFCRA749MT
AMVBT7S3MD
AMVR7SIND
AMYVB760MD
AMVB7S3MD
AMVB7S3MD
AMVAT7S4MD
AAVB749MA
ARVRTI7ANA
ACVR729MA
AFCB73I7ANMT
ARFCA74TMT
AFCR737ANMT
AFCR749MT
ARFCB749MT
AFCRB737ANMTY
AIPB749MT
ACVDT729MA
ARAVB73I7AMA
AFMBCHME
AFEB749MK
AMVB7S9MD
AMVA734MD

- AAVB749MA

ARYBTA9HA
AAVBTATHA
AAVBTITAMA

APMBCHE
AFMBCME
AFMBCHE
APMBCME
PCEB#289ME
FCRE#2B9ME
PCEE4209MB
AAV@T4TMA
AFMBCME
AMVBT6EMD
AMYVR754MD
AMYB7S9MD
AMYR753MD
FCEE#2B9ME
AMVB7STHD
AMV@74BMD
AFMBCHG
AMYV@754MD
AFMBCHB
AMYB74EMD
AFCB737AMT
AFCO749MT
AFMECME
AMY@753MD
APMBCHE
AMVB75@MD
AMY@75IMD
AMVB7S4MD
AFCO749MT
APMBCME
PCBB#2B9ME
AFMBANE
AREIPBAEMA -
APMBCME
APMBANE
AFMBAME
ACVR7B4NA
ACVB725MA
ACYBT26MA°
ACVB729MA

AFMBENE

AFMBBHE
AFMBEME

FALISADES




AUX3IT Continued

AFFENDIX H

The following cutsets represent pump suction flbw diversion

19,
17.
24,
34,
33.
36.

43.

The following chtsets

[ A
~Ld RN

The following cutsets

31,
44,
47.
-48.
o98.
86,
u9.

3.080E-05
1.14E-035
7.208E-086
5.2BE-RA
3.208E-B6
S5.2BE-B6
3.20E-B6

1.608E-05
1.65E-06
3.90E-Bb
1.38E-06

6. 75E-06
2.54E-B6
2.54E-86
2.40BE-06
2.25E-86
1.17E-B4
1.17E-86

APMBCME
AXVSBSMC
AAVB737AMA
AMVR7359MD
APMBCMEG
AMVB754MD
AFCR737AMT

AXVIBIML
FPCBB$2@9MB
AXVSRSNC
AXVIBTMC
AXVSOSMC
AXVSASMC
AXVSBIMC

Y-strainer at suction

— of pumps A & B

result from human erraor (instrdment calibrafion)

INSTRAECOH
AFMBEME
ARPSPBACOH
AFSPBACOH

INSTRUABQOH

AFMBEME -

ATBKBMG

are random pump failures

APMBAME
AFMBAME
AFMBBME

- APMBCME

AFMBAME
APMBAME

- AFM3AMG

B-3

APMBEME
APMBENE
AFPMBLNME
ARVB783MC
APMBCME

"APMBBME

APMBEME

Flow control calibration

Suction pressure calibration

AFMBCHME
FCEB#209ME
FCEB#1D4ANMB

ATEKEME
APMBCME
APMBCME

PALISADES
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Basn rise ’ av-0163
PRATICION neLisP
TN VAWVE ’ .
——————Line 1—— > je————— Line 3 >
2-0TTIrY 200118 FW tie-0O741 M-0T40rW cv-ore Mo 0730 W-760 0729
r_-' QAT - —1 GaTC [~ »-oa _7 ('] {J S e SATE T ] CONTRI. ——{I80LATION ] I0CLATIIN =1 CHECK
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—{ Loop 2 Loop 3 ; e,
se0a
[weaned 29-132pW aig-or4s | fia-ovesow | ev-oner "0-0%) mo-0795 |  [oxarsenws
e L ax H"™ "'P —1 cumck | aeamx - —1 conrro [ mewanion T—- woatiod I ausen
My-2100) vaLvt VALVE F-s vawe vaLve vive wur weve e
—1 cate [ N o
e —————————Line 2 » je——Line 4 »
€T 1 loop 1 [
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e o | e iine 6. ;
vave , oy cworsza] [[w-ome ) B T
hakdan ) ] courees [—] mouatiow ] mevatow [ cascn
vaLve vz L were
cx ot Fat] M- 754y cx-0724 -y atis ) AT
PP o,
cxuen GATS P~ =1 Giscx [™1 eave s-s0n
awvs vawve P-8c vave vawve
F Line 5 > OV OTSMA wo-ous | | moows ca-oresn
’ 1 cwrnse |1 neaniew wouarw |1 ouex
YALVE ALYVE nvy e
Train Al: Loop 2 + Loop 3 + RVO783 + Line 3
|
e N

Train A2: Line 5 + Line 6 . fe—————Line 7
Train Bl: Loop 2 + Loop 3 4 RV0783 + Line 4 :
Train B2: Line 5 + Line 7

FIGURE s
| | AFWS RELIABILITY BLOCK DIAGRAM . -
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e Line 8 >
STEAM 1S3 S I33 AMS - CcV-05228 402 MS PCV-0521A
:';:A 1 eare GATE CONTROL CHECK P':;;’!;:
VALVE VALVE VALVE vALVE VALVE
K-8
PUMP
Loop 4 Loop 5 TURBINE
DRIVER P-e8
180-214FW 150 FW
GLOBE QGQLoBE
VALVE VALVE
|
STEAM 152 M3 152 AMS CV-0522A 401 Ms | |
GEN, GATE GATE CONTROL CHECK
€-508 VALVE VALVE VALVE : VALVE
cv-052i
CONTROL
VALVE
be Line 9 >
FIGURE

STEAM SUPPLY SYSTEM RELIABILITY BLOCK DIAGRAM
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PALISADES

APPENDIX D
AFW SYSTEM RELIABILITY - HARDWARE _
‘ll' o : 1.PE-B7 1 2 :
TOF 0R 2 2 61 - 62 CsT PRUFT
61 AND . @ 2 EV27BFW  BVI33FW
62 AND 2 @ 63 B4
B3 AND 2. B 65 )
64 AND 2 @ G7 GB :
65 OR 31 69 610 611 RVB783
Bé OR 2 0 612 613
67 . OR I 69 610 G14 RVB783
68 OR 2 8 612 615
69 AND B 2 EVB771 6V0271
610 AND 2 © G16 G17
611 OR 1 3 5280 NOB753 MD2760 CKe729
612 OR 1 4 622 CKR725 6VR751. CKB726 6VR7S2
613 OR 13 523 HOB754 MDR759 cKe784
G14 OR 1 3 621 MDR743 MOR798 CKB728
. B15 OR 1 3 G624 M0R748 MDR7SS CKBT7D3
Blb OR 1 3 G18B GV772 CKR741 EVe740
517 OR 13 619 6V0132 CKB743 EV8742
618 OR 1 3 625 FSBA EACIC EACY10
619 OR 1 1 628 ~ PS8R
628 OR 1t 662 cVe749
621 OR 1 1. 647 cVe727
622 oR 1 3 G44 FSBC EACID EACY20
623 OR 11 657 © CVR737A
? 624 OF 11 652 CVR734A
. 625 AND 1 1 626 . AFAS
626 OR .8 3 HS1@4CS  OFEL EDCH
628 OR 2 1 629 6301 GOVERNOR
529 AND 2 @ 632 B33
632 OR 1 3 636 CK4B2ZMS  GVIS3AMS BV153IMS
633 ok 3 3 637 638 BG5S CKABIMS  GV1S2AMS
1 BV152MS
636 OR 1 2 642 CVB5Z2F - EACY10
637 AND 2 @ 639 6371 :
638 OR 1 1 G40 CV522A ’
639 OR B & OPE1 cves21 SvB521 HSB521 EDC2
1 EACY1Q . :
648 AND 1 1 641 OPE2
641 OR e & AIR1 5V@522A  FCV@S22A HS@S22A  OPEt
1 EDCH ‘
642 AND 2 @ 5421 6422
643 - OR 1 5 5431 5V@522B  FCV@S22E  HS@S22B  OPEL
T EDCI o
644 AND 2 @ G441 845
645 OR e 3 HS2@9CS  OPE! EDC2
547 AND B8 2 OPE1L FTB727A
652 AND B8 2 OPE1 FTR736A
657 AND B 2 OFE1 FT@737A
662 AND © 2 OFE} FTR749A
, 665 AND 1 i Gbb WATER
' Bbb OR 11 667 GV714FW
. 567 ot 1 568 EVes2s
668 AND 1 669 - OFE2




6569

6301
6302
G371
6421
6422
6423
6424
6425
6426
6431
- 65441
6442
6443
6444
END

OR
OR
AND
OR
AND
OR
OR
OR
AND
AND
AND
OR
OR

AND

AND

BN B 8 QN ™ (= 058

RN = e NIRRT N) e 2 e = B N e TN

APPENDIX D
AIR3 5VR525
6302 PCVRS21A
NITROGEN AIR4
6V@214  OPE3
643 OPE2
5423 EDCI
5424 AFAS
6425 6426
FTR736H  FTB736AH
FTR737H  FTB737AH
NITROGEN AIR2
G442 AFAS
6443 G444
FTR727H  FT@727AH
FTO749H  FTB749AH

D-2

HS@525.

EACY20

EACY1Q

OPEL

EDCH

PALISADES



NO FLOW TO BOTH STEAM GENERATORS DURING
- BOIL DRY TIME (~15 MIN)

DUE TO HARDWARE FAILURES

CST
RUPTURE

TRANSIENT EVENT #1,
AVATLABLE
COMMON SUCT NO FLOW THRU NO FLOW TO
HEADER
PIPE RUPTURE LOOP 1 SG6 A anp SGB

Ot

(::)PRUPT (jj] 61

MV-270FW
FAILS TO OPEN

155FW
FAILS TO OPEN

O GV270FW

(::)Gv13§Fw

e

NO FLOW TO NO FLOW TO
SG A S6 B
JAE /N
p,H2

p.H3 H1



NO FLOW TO

p.H1

S6 A

() G3

NO FLOW THRU
TRAIN Al

Ar

NO FLOW THRU
TRAIN A2

A

NO FLOW THRU

NO FLOW THRU

RV-0783

NO FLOW THRU

LOOP 2 LOOP 3 PREMATURE OPEN LINE 3
1425569 zfzﬁplo (i:)RV0783 foﬁsﬁll
ey p.H5 p.HE

NO FLOW THRU

NO FLOW THRU

LINE 5 ~ LINE 6
[Ne s
p,H10 p.H11 H2



NO FLOW TO

p.H1

SG B

ar

NO FLOW THRU
TRAIN Bl

ar

NO FLOW THRU
TRAIN B2

Ay

NO FLOW THRU NO FLOW THRU RV-0783 NO FLOW THRU
LOOP 2 LOOP 3 -PREMATURE OPEN - LINE 4
Aeg AGIO O RV0783 Aﬁlu
p.HY E.HS p.HS

NO FLOW THRU

NO FLOW THRU

LINE 5 LINE 7
zﬁf;plz ¢{f§§15
p.H10 p.H12

H3




£

p.H2,H3

NO FLOW THRU
LCOP 2

ar

29-0771FW

FAILS TO OPEN

<::)GV0771

MV-271FWHS
FAILS TO OPEN

(::)GV0271

HY



p.H2,H3

NO FLOW THRU
LOOP 3

| IGlo

NO FLOW THRU

NO FLOW THRU

H5




@ NO FLOW THRU
LINE 1

P.H5
‘ )Glﬁ |

29-0772FW PUMP P-8A 218-0741 14-0740FW
FAILS TO OPEN FAILS FAILS TO OPEN FAILS TO OPEN
O GV0772 AGIS O CKo741 OGVOMO |
| p.H13 _ | |

H6



NO FLOW THRU

, LINE 2
p.H5
N
PUMP P-8B 29-132FW 218-0743 14-0742FW
FAILS FAILS TO OPEN{- } FAILS TO OPEN FAILS TO OPEN
z{:ﬁ;Glg (::)GVOIBZ <::§tK0743 (::)GV0742
p.H14

H7



NO FLOW THRU

LINE 3

CK-0729FHS
FAILS TO OPEN

P.H2
‘ ]Gll
Cv-0749 .
WATER FLOW FAILS TO OPEN| |FAILS TO OPEN
ﬁezo 6«00753 O M00760

P.H28

(::>CK0729

H8



NO FLOW THRU

LINE 4
p.H3 _
{ii}iﬁlq
Cv-0727 '
PREVENTS M0-0743 M0-0798 - ‘CK—0728FWS

WATER FLOW

| AGZl

p.H25

FAILS TO OPEN

FAILS TO OPEN

FAILS TO OPEN

@400743

O noorss

Ccmm

HS



NO FLOW THRU
LINE 5

‘ |GlZ

PUMP P-8C

CK-0725FWS
FAILS TO OPEN

MV-751FWS
FAILS TO OPEN

CK-0726FKS

FAILS TO OPEN

MV-752FHS
FAILS TO OPEN

O CK0725

OGV0751

UKWZB

O 6V0752

H10




-

NO FLON THRU
A’ LINE 6

p.H2
A (i:t} G13

CV-0757A '

WATER FLOW FAILS TO OPEN FAILS TO OPEN | |FAILS TO OPEN
@st / | 0»400754 6400759 Cjcmmu
p.H27 ' - |

H11




NO FLOW THRU

LINE 7

{iii)GdS

CV-0736A
PREVENTS
WATER FLOW

AN

p.H26

FAILS TO OPEN

MO-0748

M0-0755
FAILS TO OPEN

CK-0703FWS
FAILS TO OPEN

(::3M00748

(i:3M00755.

Gcmms

H12



FAILS TO START

|

rom AC BUS 1C

| <z::)PsaA

<::> EAC1C

| \ PUMP P-A
Z£>3 FAILS
P.H6
‘ ]618
~ PUMP P-8A NO ELEC POWER

NO ACTION TO
START P-8A
WHEN REQUIRED

' IGZS

MANUAL START
FAILURE

( ]626 |

HS-152-104CS
FAILS

OPERATOR
ERROR

NO POWER From
DC BUS 1

(::)HSIOMCS

(::)bPEl

O EDC1




p.H7

PUMP P-8B
FAILS

‘ ]Glg

PUMP P-8B
FAILS TO START

Cj PS8R

NO STEAM o
PUMP P-8B

( )G28

NO STEAM
THRU LOOP 4

NO STEAM
THRU LOOP 5

AN

p.H16

GOVERNOR




402MS
FAILS TO OPEN

\ NO STEAM
A THRU LOOP 4
p.H14
ap
NO STEAM NO STEAM
THRU LINE 8 THRU LINE 9
' ( }:32 Aess
p.H17
' CV-0522B
153AMS 153MS CY-05028
FAILS T0 OPEN | | FAILS TO oPEN STEAN ELOM
Cj CKLO2MS OGV153AMS Owss’ms AGBG
p,H21"

H15



a NO STEAM
THRU LOOP 5
p.H14
| lGSO
PCV-0521A
PREVENTS FLOW
‘ } 6301
1
LOSS OF PCV-0521A

INSTRUMENT AIR

6302

FAILS TO OPEN

NITROGEN
SOURCE FAILS

(::)PCVOSZIA

SERVICE &
INSTR AIR

SYSTEM FAILS

<::)NITROGEN <::> AIRL

H16



p.H15

- NO STEAM
THRU LINE 9

0o

ATER IN PIPE/
FAILURE TO
DRAIN WATER

152AMS
FAILS TO OPEN

152MS

FAILS TO OPEN

ANss

p.H18

FAILS TO OPEN

- PREVENTS 130-214FW FAIL
STEAM FLOW TO PASS STEAM FAILS TO OPEN
AGSS l | G37 : CjCKLlOlMS
p.H20
| |
Cv-0521 130-214FW
PREVENTS PREVENTS
STEAM FLOW STEAM FLOW
£ 7
p.H23 6371
130-214FW OPERATOR

ERROR

(::SGVOZIH

(:j)OPES

OGVISZAMS | G GV152MS

H17



A

¢ .

FAILURE TO

p.H17

DRAIN WATER

WATER IN PIPE/

| iees

WATER IN PIPE

. OWATER

FAILURE TO
DRAIN WATER

{ } 666

CV-0525
PREVENTS

WATER FLOW

‘ i667

714FW

FAILS TO OPEN

CV-0525
FAILS TO OPEN

: (::56V714Fw

CV-0525 FAILS
DUE TO CONTROL

FATLURE

<::>CV0525

Aﬁﬁs

p.H19

H18




CV-0525 FAILS

JAY

p,H18

UE TO CONTROL
FAILURE

| | IGGS

SUPPORTING
INSTRUMENTS
FAILURE

669

OPERATOR ERROR
IN LOCAL

LOSS OF
INSTRUMENT AIR

SV-0525
FAILS

(::)AIRB

HS-0525
FAILS

OPERATOR
ERROR IN CR

NO POWER FroM
DC BUS 1

(::SSVOSZS

.(::3H30525

<::5 OPE1 | (::)EDCI

(::)OPEZ

H19



- CV-0522A
152%& PREVENTS
£ STEAM FLOW
am
] 1 cv-0522A FAILS
CV-0522A DUE TO CONTROL
FAILS TO OPEN FAILURE
(::)CVOSZZA l Fup
SUPPORTING
FATLURE IN LOCAL
641 Z::SOPEZ
H20
|
LOSS OF SV-0522A FCV-0522A HS-0522A [OPERATOR ERROR| | NO POWER From
INSTRUMENT AIR FAILS FAILS FAILS IN CR DC BUS 1

OAIRI

O SV0522A

OFCVOSZZA |

O HS0522A @OPE.l . OEDCl




p.HIS

CV-0522B
PREVENTS

STEAM FLOW

‘ '636

CvV-0522B
FAILS TO OPEN

O Cv0522B

CV-0522B FAILS
DUE TO CONTROL

FAILURE

l lGHZ

MANUAL
CONTROL FAILS

15556421

P.H22

AUTOMATIC
CONTROL FAILS

{ :}Guzz

'NO POWER FroM
DC BUS 1

AUTO START
FAILS

O#a

P-H29

G423 |

H21



f} MANUAL
CONTROL FAILS
p.H21
| |6421
CR/SUPPORTING .
Er il OPERATOR ERROR
FAILURE IN LOCAL
643 (::)OPEZ
L0SS OF SV-0522B FCV-0522B HS-0522B OPERATOR NO POWER FroM
INSTRUMENT AIR FAILS FAILS FAILS | ERROR 1IN CR DC BUS 1
‘ '(5431 OSVOSZZB GCVOSZZB OHSDSZZB GPEl OED(;l
; SERVICE &
NITROGEN NOTR AL H22
SOURCE FAILS SYSTEM FAILS

Z::)NITROGEN <::5AIR2




CV=0521
& PREVENTS
STEAM FLOW
p H1/
[ |639
OPERATOR CV-0521 $V-0521 HS-0521 NO POWER From
ERROR IN CR | [FaILs TO oPEN FAILS FAILS DC BUS 2

(::)OPES

(::)CVOSZI

< 58V0521

FROM AC
BUS Y10

NO ELEC PWR

'(::).EAC

Y10

OHSOSZI ‘ Z 5

EDC2

H23



PUMP P-8C
FAILS

p.H10
‘ | ]0—22
| | |
_ NO ACTION TO MO ELEC PWR
PUMP P-8C lNO ELEC POWER START P-8C EROM AC
FAILS TO START| Jrom AC BUS 1D WHEN REQUIRED BUS Y20

O

o

|_ quu

() Eacr20

MANUAL AUTO START
START FAILURE FAILS
645 | GLIL|1
P.H30
HS-152-209C OPERATOR NO POWER FroM
FAILS ERROR DC BUS -2

@SZO%S

Oore:

Oz

H24




p.H9

Cv-0727
PREVENTS
WATER FLOW

' iGZl

CV-0727
FAILS TO OPEN

| (::)cvo727

CV-0727 FAILS
DUE TO CONTROL
FAILURE

' I G47

OPERATO
ERROR

R FT-0727A
: FAILS

O,

PE1 6 FT0727A



P,H12

CV-0736A
PREVENTS
WATER FLOW

‘ ‘624

CV-0736A

| CV-0736A F
DUE TO CON

FAILS TO OPEN FAILURE
O CVO736A

G52

AILS
TROL

OPERATOR
ERROR

FT-073%6A
FAILS

z )OPEl

CjFT0736A

H26




CV-0737A
4{225 PREVENTS
e WATER FLOW
(ii}ezs
CV-0737A

FAILS TO OPEN

i

E TO CONTROL

V-0737A FAIL
FAILURE

G CV0737A

‘ l 657

OPERATOR

ERROR

C 50PE1 GTOBM

FT-0737A
FAILS

H27




CV-0749

zf?b: PREVENTS
WATER FLOW
P.H8

- CV-0749 FAILS
(V-0749 UE TO CONTROL
FAILS TO OPEN FAILURE

<::5tv07u9 | |GB2

OPERATOR FT-0749A"
ERROR FAILS

12258p51 z::>FT07u9A

H28




P.H21

AUTO START

FAILS

{ }6423

AFAS
FAILS

O

FLOW

TRANSMITTERS

FAIL

‘ IGQZQ

- i FT0737 anp
rmzss AND NO ELEC PWR FT0737A
FT0736A FROM AC EATL HIGH
_E&LLCﬁﬂi_ BUS Y20
6425 (O A2 6426
|

FT0736 FT0736A FT0737 FT0737A
FAILS HIGH FAILS HIGH FAILS HIGH FAILS HIGH

6 FT0736H

H29
Orrorssn | o | O .




AUTO START

£ Pl
' | |

AFAS - FLOW
| TRANSMITTERS

D AFAS : o ZSGLWQ

FT0727 anD NO ELEC PWR FT0749 AND
FT0727A FROM AC FTO749A
FAIL HIGH BUS Y10 FAIL HIGH
| | G443 (O eacyio i Ieuuu
F10727 ‘ FT0727A FT0749 FTO749A
FAILS HIGH FAILS HIGH FAILS HIGH FAILS HIGH ]

O_FTO727H O F10727AH | OFT07LI9H ‘ O FTO749AH >
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FALISADES
AFPENDIX E

AFW SYSTEM RELIABILITY - TEST & MAINTENANCE
1.8E-@8 1 2

TOF Ok 38 G8@t GBBZ 6883
GB@1 OR 2 0 G804 6803
G802 OR I8 G101 6102 G183
5883 Ok 4 @ G286 6208 6283 G204
Geea AND I OFEBB! GVI33FHW
58ms AND B Z OFEBBI GV270FW
Gilet AND 2 8 Giesa 6185
Gi1@z AND 2 0 5106 6107
51@3 AND 2 0 Gio8 G109
Eig4 AND 2 0 Giig 66
5105 AND 2 0 6121 68
6106 AND 2.0 G112 6é
G197 AND 2 B G122 G3
6188- AND 2 @ 6119 63
Giay AND 2 @ G119 67
Gi1@ AND 2 8 Gitl 817
6111 OR g S TPBA MF8A MCK@741 OFELD] OFELI@2
G112 AND 2 0 G113 Bl6
6113 OR 1t 3 Gi1g TFEB MFB8E MCKB743 OFELR3
1 GFEL@4 :
6114 ok 201 G115 B1i6 MFCVS2iA
Gi11s AND zZ 0 G117 632
Gils AND 2 8 5118 B33
G117 OR e 4 MCK4B1IM5 MCVBS21 OFrE1Q3 MEVBSZ224
6118 ORr B 3 MCK4@82MS MLYBSZ2R OPE1B6
G119 OR g 5 TFBC MFBC MCKB726 OFELD7 OFELQB
G203 ok 2 @ 5289 6218
G204 OR 2 8 BZ1t 6212
5286 AND 2 8 6217 E4
Gz@a AND 2 0 6223 63
6227 AND 2 @ 6225 6239
G211 AND 2 @ Gz28 - BG4
6211 AND PR B23 6231
G212 AND 2 D 5233 63
6217 AND 2 8 G218 .66
6218 Ok B 2 MMOB733 OrEZB2Z
5222 AND 2 0 65224 68
6224 ORr g 2 MMOB7432 orE2@4
225 AND 2 8 G622 63
6227 ~ OR e 2 MCVB737A DPEZ2@5
6228 AND 2 0 229 65
22 GR B2 MMOB754 OPEZ2DR6
238 AND 2 8 5232 65
6231 AND 2 @ G232 67
523% OR g 2 MCVB736Af OPEZ10
G233 AND 2 0 G234 G7
6234 bR B 2 MMOB7486 oreEZ287
1239 AND 2 0 5227 67
K] AND 2 @ 63 66
G4 AND 2 9 67 68
63 OR 301 67 G1@ Bii RY@783
66 ok 2 0 612 613
87 ok 3 67 G1@ Gi4 RVB783



GB

6%

G610
611
61z
613
Gi4
615
Gié
617
618
Bi9
G2@
GZ21
G622
523
Gz24
623
626
628
G2%

632

o
- [(N]
~J O~ ol

oo m
L2 I B O B |
~0

g4@

=]

D
E-
[

G4z
643

644
645
647
652
57
Go2
B35
Gbé
667
G468
669
Gaet
Glez
6371
6421
G4Z2
6423
G424
6425
G426
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DR
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OR
ar
OR
Ok
OR
OR
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OR
OR
ORr
OR
OR
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OR
Or
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OR
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OR
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gr
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OR
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AND
AND
AND
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OR
AND
Ok
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OR
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OR
DR
ar
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AFPENDIX E

G612 615
6ve7r71 6V8271
Glé6 Gi7

G20 MBB753
G622 CKB725
623 MBB754
G621 MOB743
624 Mpa748
G518 6ve772
619 6VB132
625 PS8A
628 PSBE
662 Cve74a9
647 cve727
G44 Fsac
637 Cverv3iza
632 CYe736f
626 AFAS
H5184CS OFE!
629 3@t
632 B33

636 CK482MS
637 534

G42 CV@5228
39 637t
G40@ £vesaza
GFEL CVBs21
641 DPEZ2
AIRY 5VBS22A
G421 G422
G431 SVBS22B
G441 G43
H52B9CS GFEL
OFE1 FT87274
OFE! FTR73b6A
OFEt FTR737hR
OFE! FTB7474
G&éb WATER
567 GV714FuW
Gog CVB325
G697 OrEZ
AIRZ V@525
G382 PCVBS214
NITROBEN AIRS
Gvez14 OFES
543 OFE2
65423 EDCH
6424 AFAS
6425 GazZéb
FT@736H FTB736AH
FTB737H FTO737AH

(28]

MOB760
Gve75t
MOB739
Moe798
MoR735
CKe741
CKB743
'EACIC

EACID

EDC!
GOVERNOR

EV153AMS
665

EACY10

FCV@322A
FCV@a22

EDC2

HSB525

EACY20

CKB729
Cke726
CKe7e4
Cko728
Cxa7e3
GVR740
GVB742
EACY1R

EACYZQ

GV133MS5
CK4B1MS

HSBS521

H5@522A

OFEL

PALISADES

Gve7s2

6Y132AM5

EDEZ
OFE!

OFEd

EDCI




6431
G441
G442
6443
G444
END
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5442 ARFAS
G443 G444
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PMISSION ERROR | |FAILS TO OPEN

L

AILS TO OPEN

OMISSION ERROR{-

NC FLOW TO BOTH STEAM GENERATORS DURING
BOIL DRY TIME (~15 MIN)
DUE TO TEST AND MAINTENANCE (T&M)
, <~ TRANSIENT EVENT #1,
TOP LMFW - AC SOURCFS
AVAILABLE
MV-270FW NO FLOW TO SGA NO FLOW TO SGA
AND 133FW & SGB DUE TO & SGB DUE TO c
FAIL TO OPEN PUMP T&M MAINT ON LINES
( }6801 szﬁgaoz 803
- P.T2 p.T11
- NOTE: “*" INDICATES TRANSFER TO
133FW FAILS T( MV-270FW FAILS DESIGNATED GATE AND PAGE OF
OPEN; MV-270FW 0 OPEN & 133FW HARDWARE FAULT TREE:
OMMISION: ERROR OMMISION ERROR
| Faou | leaos
MV-270FW 133FW MV-270FW 133FW

! v(::)xmzol | | (::)GV133FW

() evaroru

(::)OPE801 - | h




NO FLOW TO SGA
&SGB DUE TO

PUMP T & M

l |6802

NO FLOW TO SGA
2SGB DUE TO
PUMP P-8A T&M

l IGlOl

NG FLOW TO SGA
& SGB DUE TO

PUMP P-8B T&M

| lGlOZ

N0 FLOW TO SGA
& SGB DUE TO

PUMP P-8C T&M

l | |6103

NO FLOW TO SGA| |NO FLOW TO SGB| NO FLOW TO SGA NO FLOW TO SGB| NO FLOW TO SGA NO FLOW TO SGB
DUE TO DUE TO DUE TO DUE TO DUE TO DUE TO
P-8A T&M | P-8A T&M P-8B T&M P-2B Te&M P-8C T&M P-8C T&M
Aﬁlﬂq ASIOS gﬁl% @107 AGIO%B 6109
P.T3 P. T4 P.T5 P, 18 P.19 p.T10

12




NO FLOW TO SGA
DUE TO
P-8A TaM

| |6104

NO FLOW THRU

NO FLOW THRU

TRAIN A1 TRAIN A2
| lGllO Zngsﬁﬁ*
P.H2
, NO FLOW THRU NO FLOW THRU
L%NE 1.DUE TO
P'ZLI | P-8A T&M LINE 2
( }Glll' Gl7*
‘ p,H7
Pf 8A P- 8A - 218-0741 29-0772Fw 14-0740FW
TEST MAINTENANCE MAINTENANCE DMISSION ERROR | - |CMISSION ERROR

() reea

13




P.12

NO FLOW TO SGB

DUE TO
P-8A T&M

ap

NO FLOW THRU
TRAIN Bl

| IGlZl

NO FLOW THRU
TRAIN B2

NO FLOW THRU
LINE 1 DUE TQ|

P-8A J&

Luger

P.H3

A
P.

NO FLOW THRU
LINE 2

T4



INO FLOW TO SGA

/5 DUE_TO
: P-8B T&M
P.T2

| - | IGlOB

NO FLOW THRU NO FLOW THRU

TRAIN Al ~ TRAIN A2

l IGllZ i AGB*
p.H2

NO FLOW THRU - NO FLOW THRU
LINE 1 LINE 2 DUE TO

e P-8B TeM
@ 616 ( } 6113
p.HE
16
ﬁSMIS)TIEAgBTgU : P-8B P-88 218-0743 29-122FW 14-0742FW
10 MAINT TEST MAINTENANCE MAINTENANCE OMISSION ERROR| [MISSION ERROR

@ G114 O TP8B O MP3E Q MCKO743 OOPE103 OOPEIOLl

P, 16



AND
~ LINE 9 FAINT

p.T7

NO STEAM TO
‘ff}i DUE TO MAINT
P.T5
G114
LINE 8 FAILS| PCV0521A MAINT LINE 8 MAINT
AND 150FW AND
FAILS TO OPEN LINE 9 FAILS
115 | lGlZS () 6116
PCY0521A LINE 8 LINE 9
MAINTENANCE MAINTEMANCE FAILS
O MPCV521A ( }Gug 633'
. p.H17
402MS CV-0522P 152AMS
MAINTENANCE MAINTENANCE OMISSION ERROR

(::)MCKuozms (::) MCVOS22R (::)0PE106

To



LINE 8 FAILS

LINE 9 MAINT

D G115

LINE 8 FAILS

(N

LINE 9 MAINT

‘ ' G117

- p,H15
401MS Cv-0521 152AMS CV-0522A
MAINTENANCE MAINTENANCE OMISSION ERROR MATNTENANCE

OMCKHQIMS | QMCVOSZI OOPElOS | OMCV0522A

17



hO FLOW TO SGB

/6X

P.T2

DUE TO
P-8B T &N

| ‘IGlO7

NO FLOW THRU
TRAIN Bl

l |6122

NO FLCW THRU
TRAIN B2

LINE 2 DUE TO

!No FLOW THRU
P-8B Ta

6113

P, T5

(e

p.H3

NO FLOW THRU
LINE 1

AT

P, HG




NO FLOW TO SGA

DUE TO
P-&C T&M

l |GlO8

NO FLOW THRU
TRAIN Al

NO FLOW THRU
/21N

LINE 5 DUE TO

p.T10 |p-sc T
A 6119
p.H2
P-2C P-8C Ck-0726FHS | | MV-751FNS [ | Mv-752Fus
TEST | | MAINTENANCE | | MAINTENANCE | |OMISSION ERROR| |OMISSION

(::>MP8C

<::>MCKO726

(::bPElO7 (:j)OPFlOS

19



P.12

NO FLOW TO SGB
DUE TO
P-8C T&M

I |6109

NO FLOW THRU

TRAIN B1

4‘!&;67*

p.H3

NO FLOW THRU
LINE 5 DUE TO
P-8C TeM

ZKESGlIQ

P.T9

T10



NO FLOW TO SGA
& SGB DUE T0

/2%

p.T1

MAINT ON LINES
4.c

6303

{0 FLOW TO SGA
& SGE BUE TC

MAINT LINE 3

G20 b

P T14

Fo FLOW TO SGA

NO FLOW TO SGA

0 FLOW TO SGA
& SGB DUE TO

SGB DUE TO & SGB DUE TO
| MAINT LINE 4 MAINT LINE 6 | MAINT LINE 7
( ]6208 [ ]6203 { ]Gzou
DUE TO DUE TO DUE TO DUE 10 DUE TO
OTHER VALVES CV-0737A OTHER VALVES CV-0736A OTHER VALVES
A-GZOB AﬁZO‘J (5210 Aezn' AGZlZ
P.T16 p.T17 p,TI8 p.T19 p.T20

111



THIS PAGE INTENTIONALLY BLANK

T12



CV-0743
_Zgli MAINTENANCE
p.T12 "
6215
) 14-0740FH |
CV-0749 & 14-0742FH
MAINTENANCE DMISSION ERROR
Oievorsy arT
14-0740FW 14-0742FW
OMISSION ERROR | |OMISSION ERROR

(::)OPEZOl

(::)OPEZOZ

113




ZE ~ DUE TO
30 " OTHER VALVES

I |6206

NO FLOW TO SGA

[j G217

NO FLOW TO SGB

Gll* |

p.H3

NO FLOW THRU
oR CKO729FHS ~

o e e
w

M0-0753,M00760!

MAINTENANCE TRAIN A2
szﬁﬁs*
G218
1 P.H2
M0-0753 ‘ Cv-0749

MAINTENANCE

(::)MMOO753

OMISSION ERROR

o T14
O OPE20 2 |
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DUE TO
OTHER VALVES

' IGZOS

NO FLOW

TO SGB

l l 6223

N0 FLOW TO seAi

'M0-0743,M00798
lor CK-0728FWS

MAINTENANCE

6224

[Nes

p.H2

'NO FLOW THRU
TRAIN B2

AN

p.H3

MO-0743
| MAINTENANCE

Omoorss

Cv-0727
OMISSION ERROR

(:j5¥OPE2OQ-

116



0 FLOW TO SGA
4255 SGR DUE TO
5 TI CV-0737A MAINT
[:j]GZOQ
NO FLOW TO SGA NO FLOW TO SGB
l |6225 | . I 6239
é: CV-0737A NO FLOW THRU NO FLOW THRU CV—0737A
MAINTENANCE TRAIN. Al TRAIN B1 MAINTENANCE
p. 117
‘ \6227 GS* G7* G227
P.H2 P, H3 P, 117
CV-0737A MV-752FWS
MAINTENANCE OMISSION ERROR

O MCVO737A

QOPEZOS

117



Zégg . DUE TO

OTHER VALVES

p.T11
[]ezm
NO FLOW TO SGA NO FLOW TO seél
E jezza | AGL’
p.H3

0-0754,M0-0759

| NO FLOW THRU o C 07 0UFHS
TRAIN Al MAINTENANCE

@65* ( )6229

p.H2 _

MO-0754 CV-0737A
MAINTENANCE o -1 OMISSION ERROR

O'Mmomsq | OOPE206

118




AN

p.T11

NO FLOW TO SGA
& SGB DUE TO

CV-0736A MAINT

l I 6211

NG FLOW TO SGA|

| (’\\6230

NO FLOW THRU
TRAIN Al

p.T19

/io\ 65*

p.HZ

fo—

CV-0736A
MAINTENANCE

rﬂ FLOW TO SGB

,(’\16231

NO FLOW THRU
TRAIN Bl

‘ ]6232

CV-0736A
MAINTENANCE

MV-752FWS
OMISSION ERROR

O MCV0726A OOPEZIO

AN

p.H3

CV-0736A
MAINTENANCE

AN .

p,T19




DUE TO

£

p.T11

OTHER VALVES

| |6212

NO FLOW TO SGA

B

ro FLOW TO SGB

| |6233

p.H3
MO-0748,M00755

or CK-0703FWS - | NO FLOW THRU
MAINTENANCE TRAIN B1
[ | szfsﬁ7*

p.H3

M0-0748 : CV-0736A
| OMISSION ERROR

MAINTENANCE

<::> MMOO/43

O 0PE207

120




&

IONISSION ERROR

14-0740FW
14-0742FW

Mewo

14-0740FW
OMISSION ERROR

GOPE208

OMISSION ERROR

14-0742FW

Oorezno

T2l
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FALISADES

AFFENDIX F

AFW RELIAEILITY - ELECTRICAL BUS 1C
EACIC R 1 626 BUSIC
626 AND 2 @ 631 B33
631 R B 4 B18 Cib DE1-15  DBI-1R

33 ok B 4 B20 ci8 STUTL-2  OPRT
END
AFW RELIABILITY - ELECTRICAL BUS Y1D

EACY10 ok 1t 61 BUSY10

61 AND 2 @ B2 63

62 ok 1 4 B4 Bl Ci BYFR EUSYR1
83 R 1 4 BS B2 c2 INV1 BUSD1
64 AND 2 B 86 67

B5 AND 3 D 68 B9 510

66 okt 4 614 3 C3 ACTY BUSMC 1
67 oR 1 4 Bit B4 C4 ACT2 BUSMC3
68 Ok 1 3 Bi2 BS Cs BATTI
B9 R 1 3 B13 Eb Co BUSHKG2

GLO R 1 3 614 B7 c7 EUSHCL
611 ok 1 2 615 BB cB -
612 AND @ 3 CH1 CH3 BD
B13 0R 1 3 Bl6 B9 €9 BUSB12

614 Ok 1 3 617 10 Cio BUSEIL
B15 Rt 618 BUSE13
B16 AND 2 B B19 620
617 AND 2 B 621 522
618 AND 2 O G181 623
519 ok 1 4 624 Bi2 Ci2 STAF12Z - BUSID
528 ok 1 3 622 1l Cit BUSELL

621 ok 13 B19 Bi1 Cit BUSE12

B27 oF 1 4 626 B14 C14 STAFIL  BUSIC
623 R 12 627 BUSE14  B1S

G524 AND 2 @ 628 ek
626 AND 2 @ B3t 633

627 ok 1 4 634 Blé €13 STAF14  BUSIE
628 R B 4 B17 Ci5 DE1-25  DG1-2R

530 Ok @ 4 B22 cz2 STUT1-2  OFRT

B31 1 I B18 Clé  DBi-1§  DBI-IR

33 R @ 4 E20 C18 STUT1-2Z  OFRT

534 ok B 4 B24 21 STUT1-2  OPFRT

G181 R 14 B26 E181 C181 STAFI3  BUSIC
END

F-1



AFFENDIX F

AFW RELIABILITY - ELECTRICAL DC BUS 1

EDC1 DR 1 1 ] BUSD1

G5 AND 3 @ GB &9 G10

68 Ok 13 512 BS (3] - BATTI!

G9 OR 1 3 B13 Bb Lo BUSMC?

610 OR 1 3 614 B7 C7 BUSHC1

612 AND B 3 CH1 CH3 BD '

B13 OR 13 B16 RS C9 EUSE12
" G14 OR 1t 3 G17 3T, Ci0 EUSBE11

Glé AND 2 B 619 G20

617 AND 2 @ 621 622

B19 OR 1 4 B2 B12 ci12 STAP1Z EUSID

628 OR 1 3 622 Bl Cit EUSEL1

621 OR 13 619 Bii Cti BUSE12

22 OR 1 4 626 E14 Ci14 S5TAF11 EUS1IC

624 AND 2 @ 628 B30

626 BND 2 @ B31 B33

628 OR 2 4 B17 - Ci5 DG1-25 DB1-~2R

630 Ok @ 4 BZ2 C2z2 5TUTi-2  OFRT

631 OR 2 4 Bi8 Cié DG1-15 DG1-1FR

533 OF 2 4 E20 C18 5TUTi-2  OFRT

END

Foo



* EEPS AC
BUS 1C
NOT AVAILABLE
EACIC

EEPS To | | A
AC BUS 1C ‘AC BUS 1€
FAILURE FATLURE
sz55626 o | (::) BUS1C
p.E19

* EEPS = ESSENTIAL ELECTRICAL POWER SUPPLY



EEPS DC BUS 1
NOT AVAILABLE

‘ 'EDCl

EEPS 10 DC
BUS 1 FAILURE

A

P,E5

DC BUS 1
FAILURE

O msn

E2



EEPS AC BUS
Y10 NOT
AVAILABLE

.‘ IEACYlO

EEPS TO

~ BUS Y10

FAILURE

QGI

EEPS FroM
BUS Y01
FAILURE

A«

p.EY

EEPS FrOM
DC BUS 1
FAILURE

¢{f§553

p.E5

BUS Y10
FAILURE

Oiusvo

L3




_/‘35 EEPS From
- | BUS Y01
P.E3 FAILURE
AP
EEPS To BYPASS
A BRKRS CABLING RECULATOR BUS Y01
FATLURE FAILURE FAILURE FATLURE FAILURE

ar

(::)Bd

EEPS FROM EEPS - FrROM
MCC 1 MCC 3
FATLURE FATLURE
[\ A

P.EG p.E7

z::)c1

O BYPR

(i:)Bu3Y01.

Fl



&——— ~ EEPS FroM
= DC BUS 1
P FAILURE
{i;i} 63
EEP§U§°1 BRKRS CABLING INVERTER 1 BUS 1
FAILURE FAILURE FAILURE FAILURE FAILURE

-

Ow

(ij)cz

, FEPS FroM EEPS From
BATTERY 1 MCC 2 MCC 1
FATLURE FATLURE FATLURE
A /o A\s1o
p.E8 P_.E9 p.E10 '

G INV1

(:j)BUSDl




/oN—  EEPS Fron
Mee 1
P.EY . FAILURE
[ }GG
EEPS T0 BUS BRKRS CABLIH INSTR AC
MCC 1 (rn BUS WK ABLING PR 1 BUS MCC 1
B11) FAILURE FAILURE FAILURE - ~ FAILURE FAILURE

GlLI

p.E11

o

O

O sen

O BUSMC1

Eb



(ij) Bl

Ou

‘ }Gll

&____ EEPS FRrRoM
MCC 3
p.El FAILURE
N
EEPS To INSTR AC | o
BRKRS CARLING TS, \STR & BUS MCC 3
FAILURE FAILURE FAILURE FAILURE FAILURE

G ACT2

EEPS FROM
BUS B13
FAILURE

| ‘ | iGlS

EEPS TO

-BUS B13
FAILURE

!

BUS B13
FATLURE

'(ij)BUSBl3

BRKRS

FAILURE

© CABLING
FATLURE

O

Z::>cs

(ij)BUSMC3




Q BATTERY 1
> FATLURE
[ )es
BRKRS BATTERY
CABLING BATT 1 EATTERY
FAILURE FAILURE FAILURE R
Oes Ocs (O mm [ ) 612
CHARGER 1 CHARGER 3 BATTERY
FATLURE FATLURE LOW CHARGE

OCHI

OCHB

O

E8



EEPS FrROM
/8N MCC 2
P.ES FAILURE
Ay
BRKRS CABLING BUS MCC 2 EEPS To MCC 2
(rroM BUS B12)
FATLURE FAILURE FAILURE - FAILURE
Q B6 CCG @USMCZ { ]613
EEPS ToO
BUS B12 BRKRS CABLING BUS B12
FAILURE FAILURE FAILURE FAILURE -
&Glﬁ OB9 @cg OBUSBIZ
P.E12 -

E9



EEPS FrOM
MCC 1
FATLURE

ar

BRKR
FAILURE

CABLING
FATLURE

BUS MCC 1
FAILURE

Ow

Ou

<::)BUSMC1

EEPS 10 MCC 1
(FroM BUS B11)
FATLURE

ZﬁE&Glu

p.E11

E10



EEPS 10 MCC 1

&S—— (From BUS B11)
FATLURE

p.EG,E1Q ,
‘ ‘qu
BRKR CABLING BUS B11 EEPS To0
BUS B11
FAILURE FATLURE FAILURE ENTLURE
(i:)Blo O Orusenn z2§§p17
P.E13

E11




' EEPS To
A BUS B12
FAILURE
p.E9
Q 616
EEPS FroM EEPS: FroM
BUS 1D BUS B11
FAILURE FAILURE
A 619 ( }
p.E1G 620
e hon BRKRS CABLING BUS B11
FATLURE FAILURE FATLURE FAILURE
/N2 Om Oen Qs
p.E18

E12



EEPS 7o

ﬁ z RUS B11
FAILURE

p.E11
| IGl7
EEPS FrROM
BUS B12 LTS Teom
FAILURE FAILURE
Q 61 &622
| p.E18
BRKRS CABLING BUS B12 Egﬁg ESOM
FAILURE FAILURE FATLURE FAILURE
O B11 Ot O BUSB12 AN

p.E16

E13




EEPS T0O

RUS B13
FATLURE

p.E7
»,| |618

EEPS FROM EEPS FrROM

BUS 1C BUS B14

FAILURE FAILURE
‘ ' 6181 23

p.E15

G STA PWR BUS 1C EEPS To0

BRKRS CABLING YENR 13 BUS 1
FAILURE - FAILURE FAILURE FAILURE FAILURE
(::)B18lv | (::)t181 Zij)STAPIS (::)BUSIC Z{f}ﬁZG

' p.E19

E14



EEPS FrRoOM
éﬁ\j BUS B14
o E14 FAILURE
(Vo
EEPS ToO
BUS Bl4 BUS R1y4 PRKRS
FATLURE FATLURE FATLURE
Q 627 , OBUSBlLI OBlS
EEPS TO STA PWR
BUS 1F BRKRS CABLING YEMR 14 BUS 1E
FAILURE FATLURE FAILURE FATLURE FATLURE
AGSQ OBlB .OCB . OSTAPlLl OBUSlE
p.E20 ,

E15



EEPS rFroM
ﬂ BUS 1D.
ATLL
p.E12,E13 FAILURE |
{ ] 619
STA PHR EEPS To
BRKR CABLING R BUS 1D S
FAILURE  FAILURE FAILURE FAILURE FAILURE

(::)BIZ

(ij>C12

O STAP12

(::)BUSID

‘ |624

EEPS FRroM
DG 1-2
FAILURE

‘ )628

| ul
BRKRS CABLING D61-2 .
FAILURE FAILURE FAILURE

Ow

O

(:j) D61-2

FFSITE POWER
FATLURE

e

P.E17

FEPS FroM (RT)

E16




o [BRERE
o E16 FAILURE
A
BRKR CABLING STARTUP OFFSITE POWER
e | | oo | | S | [

OBZZ ‘ G C22 OSTUTI—Z OOPRT

F17




| EEPS FRromM
A BUS 1C
FAILURE
P E12,E13
[ o
BRKRS CABLING ST PR BUS 1C EEDS 0
FAILURE FAILURE FAILURE FAILURE FATLURE
() u Oy Osmwu  Osusic /Nore
p.E19

E18




EEPS To
1 BUS 1C
1 FATLURE

p.E1,E14,E18
[:;)ezs

EEPS FrRoM EEPS rroM (RT)
DG 1-1 OFFSITE POWER
FAILURE FATLURE

Ar (s

STARTUP OFFSITE POKER
BRKR CABLING XFMR 1-2 (RT) SOURCE
FATLURE FAILURE FATLURE FATLURE

(::)BZO

BRKR

CABLING

DG 1-1
FAILURE

,<::)C18

(::) STUT1-2

(::)OPRT

FATLURE FAILURE

(::)B18 (::) C16 (::)DGl—l | - P;.
| E19



EEPS To
BUS 1E
FAILURE

P.El_5
( | 634
STARTUP OFFSITE POWER
BRKR CABLIN
R 6 XFMR 1-2 (RT) SOURCE
FAILURE FAILURE FAILURE FAILURE

O

Gczl

O STUT1-2

OOPRT

E20
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APPENDIX G

DATA



APFENDIX B

FAILURE OF AFW SYSTEM COMPONENTS USING PLANT SPECIFIC DATA

COMF 1D

AFAS
AIRT
ATRZ
AIRZ
AIRG
CRAB1IMS
CK4B2M5
Cka7es
Cra7e4
CkR725
CrB726
CkB728
Cre729
CKB741
CKB743
Cvas2t

CVR736A
CVB7374A
cvevas
EACIC
EARCLD
EACYLQ
ErRCYZ@
EDC1
EDC2
FCYRS224
FCVBSZ2E
FTB7274
FTR736A
FT@7374
FTB7494
FT@727H
FT@727AH
FTB736H
FTR736AH
FT@737H
FTB87374H
FTB749H
FTB749AH
GOVERNOR
GY@132
EVE271
GvVe7an
GVe742
EVB751
GVB752
GYB771

PROBABILITY

=
=
m
|
[~}
L

=
=
m
'
=
s

=
[~
m
|
&
(8]

=
=3
m
!
m
Y

. BDE-24
. BRE-D4
.BBE-B4
. B2E-04
.BBE-024
.2BE-Q4

el Sl oo SO S o R % N S Y 3 O TR G T S T % T o T % S O I O T O B v B v T « i # i e B = Y e e B T e e R S il o ol e B o ol ol i |
*® & % a2 = s = = ® a = > « & » ® & = » e« ®» « ®» = “ ® a« s a =" & w = = « » e

wn

[x3]

m

|

=

en

DESCRIFPTION

AFW actuation signal fails

Loss of instrument air on CV-B522A

Loss af instrument air (from air system) on CV-B5322F
Loes of incstrument air on CV-B525

Loss of instrument air (from air system) on FCV-@G2!1A
Check valve 4@1iMS fails to open

_ Check valve 4@2MS fails to open

Check valve CK-@703 FWS f&ils to open
Check valve CK-@7@84 FWS5 fails to open
Check valve Ck-B725 FW5 fails to cpen
Check valve CK-B72Z6 FWS fails to open
Check valve Ck-8728 FWS fails to open
Check valve CK-8729 FW5 fails to open
Check valve CE-0741 FWS fails to open
Check valve CK-B8743 FWS fails to open
Control valve CV-032% fails to aopen
Control valve CV-B522A failcs to open
Control valve CV-@5Z22B fails to open
Control valve CV-B85Z5 failcs to open
Control valve CV-B727 fails to open
Control valve CV-R7346A fails to open
Control valve CV-@737R ¢zils to open
Control valve CV-0874% fails to open

No power from ac bus 1C CASE I, TABRLE 2-2
Nc power from ac bus 1D CABE I, TABLE 2-2
No power from ac bus YiB CASE I, TARLE 2-2
No power from ac bus Y20 CASE I, TABLE 2-2
Ho power from dc bus § CASE 1, TABLE 2-2
No power from dc bus 1 CASE I, TABLE 2-Z
Flow control valve FCV-BT522f fails to open
Flow control valve FCV-BS22B fails to open
Flow transmitter FT-B727R& fails

Flow transmitter FT-B736R fails

Flow transmitter FT-B737& fails

Flow transmitter FT7-B74%94 fails

Flow transmitter FT-B727 fails

Flow transmitter FT-B8727A& fails high

Flow transmitter FT-B736 fails high

Flow transmitter FT-@736A fails high

Flow transmitter FT-B737 fails high

Flow traencsmitter FT-B737A& fails high

Flow transmitter FT-@749 fails high

Flow transmitter FT-@7498 fails high
Turbine governer K-8 fails

Gate valve 29-132FHW fails to open

Gate valve MV-271FUWE fails to open

Gate valve 14-@74BFW fails to open

Gate valve 14-B742FW +fails to open

-Gate valve MV-731FW5 fails to cpen

Bate valve MVY-7SZFHW5S fails to open
Gate valve 29-8771FW fails to open

6-1
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GVe772
BV1I33FH
BV152MS
BV152AM5
BV153MS
GV153AMS
GV270FW
BV714FW
GVe214
HSBS21
HS@522A
H58522B
HE0525
HE1@4CS
H5289CS
MCKA4BIMS
MCH4BZM5
MCK@726
MCKB741
MCKD743
MCVB=21
MCVBS522A
MCYBS22H
MCVB736A
MCVB737A
MMOB743
MMORB748
MMOB753
MMOB7S4
MPCYS21A
MFBA
MFBE
MF8C
MOB7 43
MGB745
MDB753
MDB754
MOB755
MO@759
MOB7£0
MOB798
MITROGEN
OFEL
OFE101
OFE1B2
DFE1R3
OFE1084
OFE1DS
OFEL1@S
OFELB7
OFEL@S
OPEZ
OFE3
OFE202
OFEZ04

1.00E-04

il e e o e ol ol e e S ol e el e S e % R N T O R % B O TN % R O [ % Y 6 T 6 T NG T N I S T % I %6 T % B % [ NG X0 (002 R B %N [ O IR O i i ol o

. BBE-24

. B0E-04

.BRE-04

.DRE-B4

.BRE-0Q4

.QBE-B4

.PPE-04

. B0E-24

.BRE-B4

. QDE-B4

.80E-04

BOE-04

.BRE-04

.0BE-B4

. 14E-83

14E-B3

.18E-B3

. 14E-83

. 14E-B3

14E-B3

. 14E-B3

. 14E-083

. 14E-83

. 14E-@3

. 14E-03

14E-03

. 14E-83

14E-B3

. 14E-B3

. 14E-B3

. 14E-B3

. 14E-83

.BRE-04

. BBE-04

. 2BE-04

.BRE-24
.88E-04
. BBE-04

.20E-B4

BOE-04

. 32E-03
. DBE-@3

. BRE-83

. @RE-R3

. QRE-B3

. @BE-03

. BRE-B3

. BBE-@3

.RRE-B3

.BBE-B3

.BEE-R3

. BRE-B3

. 0RE-B3

. BRE-B3

Gate
Gate
Gate
Bate
Gate
bate
Gate
Gate
Gate
Hand
Hand-
Hand
Hand

valve

valve

valve

valve

valve

valve

valve

valve

valve

switch
switch
switch
switch
Hand cswitch
Hand switch
Maintenance
Maintenance
Maintenarnce
Maintenance
Maintenance
Maintenance
Maintenance
Maintenance
Maintenance
Maintenance
Maintenance
Maintenance
Maintenance
Maintenance
Maintenance
Maintenance
Maintenance
Maintenance
Motor-opera
Motor-opera
Motor-opera
Motor-opera
Motor-opera
Motor-aopera
Motor-opera
Mctor-opera

APFENDIX G

29-0772FW fails to apen
133FW fails to open
152MS fails to open
15268M5 fails to open
153M5 fails to open
153AMS fails to open
MY-278FW fails to open
714FW faile to open

132~
HS-
HS-
HS-
HE5-
HS-
HS-

on
on
oh
on
on
on
on
on
on
on
on
on
on
an
on
on
on
on
ted
ted
ted
ted
ted
ted
ted
ted

214F¥ fails to open
8521 fails
B522A fails
85228 fails
B525 fails
1B4C5 fails
2B9CS fails
valve

check

check valve
check valve
check valve
check valve
control valve
control valve
control valve
control valve CV-B736A

control valve CV-B737A
motor-operated valve MO-B743
motor-operated valve MO-@748
motor-cperated valve MO-B7353
motor-operated valve MOD-@768
pressure control valve PCV-@S21A
pump FBA

pump FB8E

pump FB8C
valve MG-B74Z
valve MO-Q748
valve MO-B753
valve MO-B754
valve MO-B735
valve MO-B759
valve MD-B768
valve MC-@778

4B1M5
4B2M5
EK-B726FHS
218-0741
218-0743
Cv-8521
CV-B522A
Cv-B5=sH

fails to
fails tao
fails to
fails to
fails to
fails to
fails to
fails to

open
open
open
cpen
open
open
opEn
open

Loss of pressure from nitrogen source

Operatar er
Operator er
Operator er
Operator er
Operator er
Dperator er
Operataor er
Operator er
Operator er
Operator er
Gperator er
Operator er
Operztor er

ror
ror
For
For
ror
rar
ror
ror
ror
ror
ror
ror
raor

rJ

FARLISADES



QOFEZ85
OFE2064
OFE207
OPEZ21@
OFERD!
FCVBS21A
F584
FSBE
FS8C
RVR783
V@521
V@522
5YBS2?
8V@525

WATER

1.@BE-B3
1.@8QE-83
1.00E-83
1.80QE-03
1.B0BE-B3
1.00E-85
3.00E-B3
1.8BE-03
5.@8E-B3
3.65E-@3
{.@0E-B3
1.80E-83
1.BRE-03
1.8RE-B3
{.@BE-B3

FALISALES

AFFENDIX G

Operator error

Operator error

Dperator error

Operator error

Operator error

Fressure control valve FCV-B521A fails to open
Electric pump FBA fails tao start
Turbine-driven pump FBB fails to start
Electric pump P8C fails to start
Relief valve RV-@783 premature open
Solenoid valve 5V@S21 fails

Sclenoid valve SV@S22A fails

Solenoid valve S5V@5228 fails

Solencid valve SV@525 fails

Water in steam pipe



APFENDIX B

FARILURE OF AFW SYSTEM COMPONENTS USING FLANT SFECIFIC DATA

COMP 1D

AFAS
ATR1
AIR2
AIRZ
ATR4
CK4R1IMS
CKA@2MS
CKRB703
CKB704
CKB725
CkB726
Ck@728
CXB729
CKB741
CKB743
Cveszt
Cves522
CVBS522B
cves23
cveyz7
CVB736A
CVe7s7
LVB749
EACIC
EACID
EACY10
EACYZO
EDC1
EDC2
FCyeszz
FCV@S22E
FTR727A
FTR736A
FTB7374A
FT@749A
FT@727
FTB727AH
FTB736H
FTB736AH
FTR737H
FTR737AH
FTB745H
FTB749AH
GOVERNOR
GV@132
BVR271
GVB740
6VB742
BVR7S 1
EVR7S2
GVR771

PROBABILITY

00 00 MW M@MO~ BRI R AR BRI B BRI R s 2 e b e £ o Ll e o e e 0 G G Bl s G e 00 ] G ] Gl Dol L8 fd Dd L AT e b e b o

ey

-23
ﬂ

mm

E- BQ
2E-83

4
2
2E
2

.SBE—B4
. 2BE-04
.20E-04
.2BE-04
.20E-34

2RE-B4

. 2BE-B4
. 20E-04
.20E-04
.2BE-B4
.QBE-B3
.1@E-02
.GLBE-B3
. 1BE-02
. 6BE-B3

60E-B3

.GBE-B3
. 6BE-03
. 21E-B3
. B3E-BT
. BAE-BD
.B4E-BT
. 12E-B5
.12E-85

SeE-04

.FQE-04
.4BE-24

ARE-D4

.4BE-B4
.40E-D4
.17E-83

17E-83

. 17E-83
LATE-B3
JA7E-83
.17E-B3
.17E-B3
.17E-83
. 33E-B5
14E-B3
. 14E-B3
. 14E-83
. 14E-B5
. 14E-B5
. 14E-05
. 14E-@5

DESCRIPTION

AFW actuation signal fails

Loss
Lose
Loss
Loss

Check
Check
Check
Check
Check
Check
Check
Check
Check
Check

Contr

Control

Contr

Control

Contr

Control

Cantr

Control
power from
power
pOWEr
powWer
poWer
powWer
control valve FCV-

No
No
No
Mo
No
No
Flow
Flow
Flow
Flow
Flow
Flow
Flow
Flow
Flow
Flow
Flow
Flow
Flow
Flow
Turbi
Gate
Gate
Gate
Gate
Gate
Gate
Gate

of instrumen

of instrument air

of instrumen

of instrument air

4Q1M5 fails
402MS fails
CK-@783
Ck-0704
8725
CK-87264
CK-B728
CKk-8729
a7
CK-B743
cv-
cv-

valve
valve
valve
valve
valve
valve
valve
valve
valve
valve
ol valve
valve
valve
valve
valve
valve CV-
valve CV-
valve CV-
ac
ac
ac
ac
dgc
dc

Ck-

CK-

Cv-
Ly~
Cv-

ol

ol

ol

from
from
from
from
from

t air on CV-B5224

t air on CV-@52%
toc open
to open
faile to
tails to
fails to
tails to
faile to
fails to

FWS fails to open

FWS fails to open

521 fails to open

B32Zf fails to open

B522R fails to open

B5325 fails to open

8727 fails to ORET

B736A faile to open

87378 faile to apen

@749 fails to open

bus 1€ CASE I, TABLE

kus 1D CASE I, TABLE
bue Y1@ CASE I, TABL
bus Y22 CASE 1, TABL
bus 1 CASE I, TABLE
bus {1 CASE I, TABLE

BSZ2ZA

FHWS
FUs

FUWS
FHW3
FH5S
FUWs

GpEnN
open

open
open
open
41

open

E
E
2

(from air system)

(from air system)

on CY-8522ER

cn FCY-B5Z1A

faile to open

control valve FCV-@B522E fails to apen

transmitter
transmitter
transmitter
transmitter
transmitter
transmitter
transmitter
transmitter
transmitter
transmitter
transmitter
transmitter
ne governcr
valve
valve
valve
valve
valve
valve
valve

Mv-271

14-B74
MY-751
MY-75
29-877

G-4

14-B740FW fails

2FWS fails

FT-87278 fails
FT-8736A fails
FT-873748 fails
FT-B7494 fails
FT1-8727 fails
FT-@727A fails high
F1-B734 fails high
FT-@734A fails high
FT-8737 fzils high
FT-8737A fails high
FT-8749 fails high
F7-8749f fails high
K-8 fzils

29-132FW faile to open

FHS failcs to
to
to
to
to

to

open
open
cpen
open
cpen
opER

Z2FW fails
FWS failc

1FW fails

FALISADES



6vVe772
GVI33FHW
GV1IS2ZMS
GV152AMS
BV153MS
GVIS3AMS
GVZ70FW
GV714Fu
Gve214
HSB5Z
HE@S22A
HSBS22E
HSBS525
H51B4CS
HS2@9CS
MCK4BIMS
MCK4B2MS
MCKB726
HCK@741
MCKBT742
HCVBSZ1
MCVBS2ZA
MCY@BS22H
HCVB736A
MCVB737R
MHOB743
MMOB743
HMoB733
MHOB754
MPCUS21A
MFBA
MFBE
MFBC
MDB743
M0B748
MOR7S3
MGB754
MOB755
M0a7:59
MOB760
M0@798
NITROGEN
OrEL
OFE1B
OFE1D2
grELRS
OFE104
OFE183
OFE1R6
QFE1B7
OFE1RS8
OFE2
OFE3
OFEZD2
OFEZ@4

b b b b b bt g bbb bt b e e bk BRI BRI ORI R ORI R B R G R PRI R R RI RI BRI R R R BRI 03 BRI P R b= = e s e (4 O~ 00 0 OO 00 00 O 00 O

. 14E-05
. 14E-85
.14E-85
. 14E-85
. 14E-03
-14E-85
. 14E-@5
14E-835
. 7BE-B3
. BBE-B5
.BBE-BS

ABE-05

. BRE-@S
.BRE-BS
. DBE-B5
. 14E-B3
. 14E-073
. 14E-83
. 14E-B3

14E-83

. 14E-B3
. 14E-B3
14E-B3
. 14E-83

14E-93

. 14E-03
. 14E-B3
. 1AE-B3
. 14E-83
. 14E-83
. JBE-D4
. F8E-B3
.7BE-D4
.BBE-@3
. 8BE-@3
. BBE-R3

BBE-83

.8BE-B3
. BRE-@3
. BBE-B3
. 8BE-B3
.S2E-8B3
.BBE-B2
.BBE-B2
.DBE-0B2
.BRE-B3
.B0BE-03
.BBE-B3
. BRE-Q3
. @BE-B3
.BRE-B3
.BBE-B3
. BBE-B3
. BRE-B3
. B0E-03

AFFENDIX G

Gate valve 29-8772FW fails to open
Gate valve 133FW fails to open
Gate valve 152MS fails to open
Gate valve 152AMS fails to open
Gate valve 133MS fails to open
Gate valve 153AMS fails to open
Gate valve MV-27@FW fails to open
Gate valve 714FW fails to open
Bate valve 13B-Z14FW fails to open
Hand switch HS-@521 fails
Hand switch H5-@8522R fails

Hand switch HS

-05228

faile

Hand switch HS-B8525 fails

Hand switch HS
Hand switch HS
Maintenance an
Maintenance on
Maintenance on
Maintenance on
Maintenance on
Mairntenance on
Maintenance on
Maintenance on
Maintenance on
Maintenance on
Maintenance on
Maintenance on
Maintenance on
Maintenance on
Maintenance on
Maintenance on
Haintenance on
Maintenance on
Motor-operated
Motor-operated
Motor~operated
Motor-operated
Motor-operated

Motor-operated

Hotor-operated
Motor-ocperated

Operator error
Dperator error
Operator error
Operataor error
Operator error
Operator error
Operator error
Operator error
Operator error
Cperator error
Operator error
Operator error
Operator error

-1B4CS
-289CS
check
check
check
check
check

control
control
control
control
control
motor-operated valve
motor-operated valve
motor-operated valve
motor-operated valve
pressure control valve FCV-@T21R

fails
fails
valve
valve
valve
valve
valve

pump FBA
nump P8E
pump ‘P8C
MO-@747% fails to
MO-B748 fails to
MO-B753 fails to
MO-0734 failcs to

valve
valve
valve
valve
valve
valve
valve
valve

MO-B73

4B1MS
402M8
CK-B726FHWS
218-8741
218-B743

valve CV-B521

valve CV-@522A
valve CV-@5scE
valve CV-B8736A
valve CV-B7374
MO-B743
MO-B748
MO-8753
MO-@7680

5 fails to

MO-8759 tails to
MO-876@ fails to
MO-B8798 fails to
Loss of pressure from nitrogen source

gpen
open
open
open
open
open
open
open

FALISADES




OFE2@35
OFE206
OFE207
OFE210
OFEBR!
FCVRS216
FS8A
FSBE
P58C
RVB7873
SYR3Z21
SVRS22A
5YB5228
SVB5Z5

WATER

1.0BE-B3
1.0BE-03
1.8BE-03
1.88E-83
1.BBE-@3
S5.0BE-84
1.50E-B2
3.080E-B2
1.58E-02
1.70E-04
1.00E-B3
1.88E-03
1.0BE-03
1.0BE-B3
1.0RE-B3

Operator
Operator
Operator
Operator
Operator
Pressure
Electric

RFFENDIX 6

error

errar

error

error

error -

control valve PCV-@521A fails to open
pump FBA fails to start

Turbine-driven pump PBB fails to start

Electric

pump P3C fails to start

Relief valve RV-B783 premature open

. Solenoid

Solenoid
Sclenoid

Solenoid
Water in

valve 5VY8521 fails
valve SVBGZ22A fails
valve SVBS22B fails
valve SV@525 fails
steam pipe

6-6

FALISADES



FAILURE OF ELECTRICAL EQUIPMENT

COMF ID
ACTH
ACT2

B

B2
B4

€
o

Rb
B7
B8
B9
E1@
E1i
E12

Bi4

B13
Hi6

B17
B18
B28
22
R24
BiB1

ED
BATTL
BUSIC
BUS1D
BUSIE
BUSEL!
BUSE12Z2
BUSEL3
EUSH14
BUSHC1
BUSHMCZ
BUSMLC3
BUSYB1
BUSY1@
BUSDI
EYFR
Ct

Cz2

C4

[
o

M)
C7

w o

Gl (o o s b e e e et e d

o

Cod -
« =

Cod ba beh s bk e
. . -

Mmoo o~ 0000000 O 0 O -
" a or e om

PROBABILITY
1.
.79E-04
. 15E-05

79E-84

. 72E-B5
. 72E-BS
.72E-B5
. 72E-B5
.72E-B5
. 72E-B35
.72E-QS
. T2E-B3
L43E-05
LA3E-BT

L39E-B5
. 39E-B5

39E-B5
39E-035

.39E-B3
. 39E-R3
. 39E-B5
.39E-B5
. 39E-83
. 39E-B3
.ABE-D4
. 1BE-84
.18E-84
. 18E-24
.18E-84
. 18E-24
. 1BE-04
. 1BE-0B4

i i i el o o B e e e e e i an il oo T o =R Sl N T % T - SO - — i s i e I - T o R Y ™ - T Y - D — Nt et~

= b

RATE

.91E-07
L91E-B7
. 78E-@8

.78E-08
. 7BE-BB
. 70E-B8
. 7BE-088
.78E-08
. 70E-28
. 70E-B8
.78E-0B
. 70E-@8
.7BE~-08

7BE-08

.70E-@8
. 7BE-028
. 7BE-D8

7BE-0@8

. 7RE-08
. 70E-28
.70E-028
.7BE-08
.78E-08
.70E-08
.7BE-88

7Q8E-08

. 70E-88
. 70E-28
.88E-B6
. 7BE-B6
. 73E-07
. 73E-07
. 73E-87
. 75E-@7
.75E-27
. 75E-87
. 7SE-B7
.73E-07
. 75E-87
. 73E-87
. 75E-87
. 75E-87
. 75E-B7
. ZRE-BS
42E-B6
. 42E-B6
.42E-BS
LAZ2E-06
.A42E-B6
LA2E-B6
.AZE-B6

APFPENDIX &

USING GENERIC D

DESCRIFTION

Instr AC Transf ! fails to function
Instr AC Trancf 2 faile toc function
1/3 Breakers fram bypass regulator to bus

Yieg ftc )

DC breaker ftc
AC breaker ftc
Breaker 52-145
Breaker 52-356

ATA

or

ftc
ftc

FALISALES

DC Breaker ftc

Breaker 52-28% ftc
Breaker 52-146 ftc
Breaker 52-13B1 ftc
Breaker 5Z-12083 ftc
Breaker 52-1181 {ftc
Breaker 52-1118 or breaker 52-1217 ftc
Breaker 52-1202 ftc or
Breaker 132-281 ftc
Breaker 52-1182 ftc or
Breaker 152-1135 ftc
Breaker S2-1318 ftc
Breaker 52-1402 ftc or
Breaker 152-3B4 ftc
Breaker (DG1-2 output) ftc
Breaker 1532-187 (DG1-1 putput) ftec
Breaker 152-186 ftc
Breaker 152-282 ftc ~
Breaker 152-383 ftc
Breaker 952-1382 ftc or
Breaker Z52-1108 ftc

BC battery 1 degraded
DC battery 1 fails

Bue 1C fails

Bus 1D fails

Bus 1E fails

Bus 11 fails

Bus 12 fails

Bus 13 fails

Bus 14 failes

MCC 1 fails

MCC 2 fails

MCC 3 fails

Bus YB! +ails

Buc Y& fails

DC Bus 1 fails

Bypass regulator fzils
Cable fails

Cable fails

Cable fails

Cable fails

Cable fails

Cakle fails

Cable fails
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1.42E-06
1.21E~-05
1.21E-085

2.30E-B6
. 26E-87
. G6E-07
. 96E-07
. 96E-07
.96E-B7
8.B1E-07
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AFFENDIX G

Cable fails

Cable fails

Cable fails

Cable fails

Cable fails

Cable fails

Cable fails

Cable fails

Cable fails

Cable fails

Cable fails

Cable fails

Cable fails

Cable fails

Cable failg

Cable fails

Charger fails

Charger fails

DG fails to start

DG fails to =start
Inverter { fails

Loss of offsite power
Station power transfaormer fails
Station power transformer fails

Station power transformer failg

Station power transformer fails
Start-up transformer fails
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FAILURE OF ELECTRICAL EQUIPMENT
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.08E-85
.@BE-83
.94E-06

.24E-B6

.28E-86
.28E-B6
.F6E-B6
. 2BE-B6
. 28E-06
. 2BE-B6
. 2BE-Bb
. 2BE-B6
.36E-06

. 33E-85
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JE-B5
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.62E-04
. BBE-@5
.4RBE-B4
LAQBE-RS
.40E-B6
«J6E-B6
. J6E-B6
. 3LE-B4
.J6E-B6

J6E-B6

. 36E-B6
. J6E-B6
. @4E-B5
.B4E-@3
. 12E-85
. 16E-B5
. BBE-B3
. BRE-@5
.BBE-B5
. QBE-05
.BBE-BT
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. 6BE-B6
2.60E-B¢&
. 60E-07

. 7BE-07

6RE-B7

. LRE-B7
. bBE-B7
.70E-07
. 6BE-Q7
. 60E-B7
.bRE-B7

6QE-B7

.bBE-27
. LBE-B7

4BE-DB7

. SBE-B6
. 6BE-B7
. GBE-86

4BE-B7

. 6BE-R7
. SBE-B4

. 60E-B5 -

78E-0@3

. 3BE-B6
. JBE-B6
. JBE-Ré&
. 4BE-B7
. SRE-0B6

6RE-R4

. 6BE-B6
. BRE-27
. BRE-Q7
.B0E-07

78E-87

. 78E-@7
. 7BE-87
. 7BE-@7
. 70E-87
. 70E-87
. 7BE-@7
.3BE-BS
. JBE-B6
. 9BE-BG
. ZBE-B6
. SBE-B6
. JBE-B6
.3BE-B6
. SBE-B6
.SBE-BS
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USING FLANT SPECIFIC DATA

DESCRIFTION

Instr AC Transf ! fails to function - Bhrs
Instr AC Transf 2 fails to function - Bhrs
1/3 Breakers from bypass regulator te bus
Y10 ftrc - Bhrs

DC breaker ftrc - Bhrs or

AC breaker ftrc - Bhrs

Breaker 52-145 $trc - Bhrs

Breaker 52-356 ftrc - 8hrs

DC Breaker ftrc - Bhrs

Breaker S52-285 ftrc - 8hrs

Breaker S2-146 ftrc - Bhrs

Breaker 52-1381 ftrc - Bhrs
Breaker 52-1283 ftrc - Bhres
Breaker S52-1181 ftrc - 8hre
Breaker 52-1118 or breaker 52-1217 ftrc - Bhrs
Breaker S2-1282 ftrc - 8hrs or
Breaker 152-281 ftrc - Bhrs
Breaker 52-118B2 ftrc - Bhrs or
Breaker 152-115 ftrc - Bhre
Breaker 32-1318 ftrc - 8hrs
Breaker 52-148Z2 ftrc = Bhrs or
Breaker 152-3B84 ftrc - Bhrs

Breaker 152-213 {(DG61-2 cutput) ftc or ftrc
BI=378hrs, MT=Bhrs

Breaker 152-107 (D61-{! output) ftc or ftrc
DI=370@hrs, MT=Bhrs (p-1.6E-B3)

Breaker 15Z-106 ftrc - Bhre

Breaker 152-202 ftrc - 8hrs

Breaker 152-303 ftrc - 8hrs

Breaker 52-1382 ftrc - Bhrs or

Breaker 252-118 +trc - Bhrs

DC battery 1| degraded - SBD, DI=378hrs
DC battery 1 fails - Bhrs

Bus i€ fails - Bhrs

Bus 1D fails - Bhrs

Bus 1E +fails ~ Bhrs

Bus {1 fails - Bhrs

Bus 12 failc - Bhrs

Bus {3 fails - 8hrs

Bus 14 fails - 8hrs

MCC 1 fails - Bhrs

MCC 2 fails - Bhrs

MCC 3 fails - 8Bhrs

Bus 'Y@1 fails - Bhres

Bus Y1@ fails - 8Bhrs

DC Bus 1 fails - 8hrs

Rypass regulator fails - Bhrs

Cable fails - Bhrs

Cable fails - Bhre

Cable fails ~ 8hre

Cable fails - Bhrs

Cable fails - Bhrs

B-9
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4.0BE-BS
6.0BRE-BD
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6.8BE-BS
6.BQE-BT
6.8BE-BS
1.04E-B5
1.84E-03
b.1BE-B3
2.24E-02
8.10E-83
9.6BE-83
3. 12E-83
5.26E-04
4.00E-06
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4,08E-05
2.64E-05
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18E-03

.8BE-B3
. 1BE-B3
.2BE-B3

90E-06

. 7RE-Q5
. BBE-B7
. BBE-B7
. BRE-Q7
. BBE-87
.3BE-B6
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Cable fails - Bhrs

Cable fails - 8hrs

Cable fails - Bhrs

Cable fails - Bhrs

Cable fails - Bhre

Cable fails - 8hrs

Cable fails - Bhrs

Cable 4ails - Bhrs

Cable fails - Bhrs

Cable fails - Bhrs

Cable fails - 8hrs

Cable fails - 8hrs

Cable fails - Bhrs

Cable fails - 8hre

Cable failes - Bhrs

Cable fails - 8Bhrs

Cable fails - Bhrs

Cable fails - 8hrs

Charger +fails - 8hrs

Charger fails - Bhrs

DG fails to start - SBD

DG faile to run - 8hrs

D6 fails to start - SBD

D6 fails to run - Bhrs

Inverter | fails - 8hrs

Loss of offsite power - Bhre
Station power transformer fails
Station power transformer fails
Station power transformer fails
Station power transformer fails

- Bhrs
- 8Bhrs
- Bhrs
- Bhrs

Start-up transformer fails - Bhrs
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FALISADES
AFFENDIX G
COMFONENT FAILURE RATE DATA CALCULATION

The following presents some calculations of component failure
rate data for the AFW system unavailability estimate.

1.8 TEST AMD MAINTENANCE
1.1 Pump test = 1.92E-83 (Reference 2)

5] = {hrs/test) (tests/year}={1.4)(12) = 1.93E-B3
Tecst {hre/year) B740

1.2 Pump maintenance = 2.14E-B3 (Reference ?2)

8] =(B8.22) (hre/maint)=(0.22)(7) = 2.14E-083
Maint 720 728
1.3 Valve maintenance = 2,14E-83 (Reference 2)
8] ={R.22){hrs/maint)=(B.22){7) = 2.14E-@3
Maint 720 720

[o%)
=

OFERATOR ERROR
2.1 Maintenance error = 1.BBE-B3 (Reference 3)

The failure probability if the maintainer fails to
restore a valve after this work is finished ic
1.8BE-B2, and the checker's failure probability is
(1.8@E-B2) (1@8) = 1.@RE-B1. Hence, the estimated error
by the maintainer restoring manual valves is
(1,8BE-02) (1.00E-B1) = 1.@QE-B3,

(2]
.
b3

Operator error in control room (or local) = 1.@BE-@3
(Reference 2)

Estimated failure probability for & "dedicated”
operator to actuate AFW and possible backup actuation
of AFW¥ in 15 minutes actuation time needed is {.@QE-@3,
3.8 HARDWARE
3.1 Valve (check, gate) fails to open = 1.0BE-B4 (Reference 4)

3.2 Control valve fails to open = 4.B0E-B4

8

faile to cperate + failure to remain open (plug)

I.80E-84 + 1,QBE-04 = 4.QPE-04 (Reference 4)

-

Relief valve premature open = 3.65E-83

ol
4

Relief valve premature open failure rate A = 1.BQE-BS/hr
{Reference 4)
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By monthly testing:
B = Ae738/2 = (1.0DE-B5) (365) = 3.565E-83

AFW actuation signal fails = 7.0BE-B3 (Reference 2)

(2}
-
E)

-

3.9 Lpes of incstrument air = 1.52E-83

Failure rate A = 4,17E-@4/hr (using compressor’'s failure
rate (Reference 1, p 128)

Using ménthly testing:
B = Ae738/2 = 4.17E-B6) (365) = 1.52E-83
3.6 Flow transmitter failure = 2.17E-03
Failure rate A = 5.953E-@6/hr (Reference 1, p 432)
Using monthly testing:

g = (5.95E-86) 73872 = 2.17E-83

3.7 Hand switch failure = 3,BBE-B84 (Reference 4)

3.8 Precsure (flow) control valve fails to open = 1.@RE-B5
By using relief valve fails to open data (Reference 4)

3.9 Governor failure = 4,53E-85

Failure rate A = 1.7@E-@7/hr

MTTR 2= 19.13 hr {Reference 7)

8 =A7T + A 738/2 = 6.53E-8% (using mohthly testing)
3.18 Electrically driven pump failes to start = 5.BBE-B3

8 = mechanical components + control circuit (with monthly

testing) = 1.@BE-B3 + 4.BQE-@3 = 5,8BE-83 (Reference 2)

Turbine driven pump fails to start 1.8BE-Q3 (Reference 2}

]
—
—

3.12 Sclencid valve failure = 1.@BBE-83 (Reference 4)

.13 Pipe rupture, condencate storage tank rupture = 4,8QE-08

[2]

The pipe rupture (*3") failure rate is 1.BBE-18/hr per foot
(Reference 4). It wac estimated that there were 28 feet of

pipe length from the condencate storage tank to the double

suction header and the average repair time was 24 hrs.

8 =.{28)(1.@BE-B1B) (24) = 4.8BE-@B/demand

G-1Z2
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3.14 Motor-operated valve (N.0.) fails to open (pluagging)
‘ = 1.B0E-84 (Reference 2}
3.15 Water in pipe = I.BDE-63
By judgement, the estimated probability that there is
sutficient condensed water in the steam pipe is 1.BBE-B3.

It is noted that the top event unavailability will not be
affected if 1.8 is used for that estimated probability.





